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RESUMEN

El objetivo de este estudio fue comparar el impacto del uso de suplementos iso-
energéticos (2,9 Mcal/kg MS -materia seca-) con diferentes niveles de proteina cruda
(PC; 12, 16 y 20%), durante la etapa de recria estival post destete temprana, sobre el
crecimiento, la produccién y calidad de lana, canal y carne de corderos. Este estudio
fue realizado durante 3 afios y tuvo dos fases. Durante la primera fase (Enero-Abril),
ochenta corderos cruza (Merino Dohne x Corriedale, con un peso vivo promedio -PV-
inicial de 24,5 + 4,4 kg) fueron asignados aleatoriamente cada afio a los siguientes
tratamientos: CON: pasturas nativas (PN) sin suplemento (S); 12PC: PN + S de
12%PC; 16PC: PN + S de 16% PC; 20PC: PN + S de 20% PC. Luego, en la segunda
fase (Abril-Julio), todos los animales se manejaron en un solo lote, pastoreando
cultivos anuales invernales sin suplementacion hasta llegar a un PV promedio de faena
de 43 kg. El uso de suplementos iso-energéticos en la primera fase aumentd la
produccion y calidad de lana, el peso vivo final y la condicion corporal, logrando los
mayores niveles de produccion cuando se utilizaron los suplementos con 16 y 20% PC
(P<0,05). Dentro de los animales suplementados, no se presentaron diferencias
(P>0,05) en la tasa de ganancia de peso mientras que la mayor produccién de lana se
registrd en los corderos 20PC (P<0,05). Con respecto a las caracteristicas de la canal
y calidad de carne, el peso de los cortes valiosos y la fuerza de corte de la carne fueron
similares entre los tratamientos (P>0,05), mientras que las diferencias en las
proporciones de acidos grasos en relacion a la salud humana tendieron a ser mas
favorables en los animales alimentados exclusivamente sobre pasturas. Los niveles de
engrasamiento de las canales y la carne tendieron a ser mayores en animales
suplementados. ElI uso de suplementos con diferentes niveles de PC por
aproximadamente tres meses durante la recria post destete de corderos sobre pasturas
nativas, permiti6 reducir la edad de faena e incrementar la productividad sin mayores
efectos detrimentales en los diferentes parametros de calidad de carne estudiados.

Palabras claves: corderos, pastoreo, calidad de carne
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Body growth, wool characteristics, carcass and meat quality of lambs grazing native
pastures with summer supplementation
SUMMARY

The aim of this study was to compare the impact of using iso-energetic (2.9
Mcal/kg DM -dry matter-) supplements with different protein levels (12, 16 and 20%
CP - crude protein-) during the early post-weaning phase of lambs on body growth,
wool characteristics, carcass and meat quality traits. This study was carried out for
three years and had two phases. During the first phase (January-April), eighty
crossbreed lambs (Merino Dohne x Corriedale, with an initial average body weight -
BW- of 24.5 £ 4.4 kg with 4 months of age) were randomly allotted each year to the
following treatments: CON: native pastures (NP) without supplement (S); 12CP: NP
+ S with 12% CP; 16CP: NP + S with 16% CP; 20CP: NP + S with 20% CP. Thereafter,
in the second phase (April-July), all animals were kept together grazing on an annual
forage winter crop (ryegrass or oat) without supplementation until an average slaughter
weight of 43 kg was reached. The use of iso-energetic supplements enhanced both
wool production and quality, final body weight and body condition score achieving
the highest production levels when 16% CP and 20% CP were used (P<0.05). Among
the supplemented animals, no differences (P>0.05) were found in body-weight gain,
while the greatest wool production was recorded in 20CP animals (P<0.05). Regarding
carcass and meat quality traits, the high-value cut weight and the meat shear force were
similar among treatments (P>0.05), whereas differences in fatty acid in terms of human
health tended to favour those animals from CON treatment. Carcass and meat fatness
levels tended to be greater in supplemented animals. The use of supplements with
different CP levels for approximately three months during the post-weaning rearing
period of lambs grazing native pastures, allowed a reduction of the slaughter age and
an increase in productivity without major detrimental effects in meat quality attributes.

Keywords: lambs, grazing, meat quality
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1. INTRODUCCION

En Uruguay, la produccion ovina estd constituida por aproximadamente 6,6
millones de animales (DIEA, 2017) y se desarrolla principalmente sobre pasturas
nativas (Piaggio et al., 2014a). En las ultimas dos décadas, se han generado cambios
en el uso del suelo principalmente asociados a incrementos del area destinada a la
agricultura y forestacion, asi como también procesos de intensificacion en la ganaderia
bovina (Montossi et al., 2014). Actualmente, mas del 50% del stock ovino nacional se
encuentra en los departamentos del norte del pais (Artigas, Salto, Paysandu y
Tacuaremb0), sobre la regidn baséltica y principalmente sobre los suelos de menor
aptitud pastoril (DIEA, 2017). Frente a la necesidad de incrementar su competitividad,
el rubro ovino tiene el desafio de realizarlo fundamentalmente usando pasturas nativas
sobre suelos marginales.

La cantidad y la calidad de la dieta consumida por los ovinos determina el éxito
de su produccion de carne y lana (Friend y Robards, 2006; Lekatz et al., 2010). En
corderos post destete, en la medida que el animal incrementa su peso vivo debe
consumir una mayor cantidad de forraje para lograr una adecuada tasa de crecimiento.
Esta ganancia de peso estard condicionada también por la calidad del forraje ofrecido
(Nicol, 1987). En animales en pastoreo, dietas de mayor digestibilidad y menor
contenido de restos secos estuvieron asociadas con mejores ganancias de peso, lo cual
se explicaria por una mayor posibilidad de acceso al material verde (Hawkins et al.,
1993). Con respecto a la lana, tanto la longitud como el didmetro de la fibra estan
altamente correlacionadas con la dieta (Nagorcka, 1977), siendo su crecimiento
directamente proporcional al consumo de alimentos digestibles. Incrementos en el
contenido proteico de la dieta favorecen la produccién de lana. Sin embargo, alimentos
con alto contenido energético Unicamente incrementan la produccion de lana si el nivel
de proteina es el adecuado (Reis et al., 1992). La optimizacion de la produccion de
peso vivo y lana requiere de una adecuada cantidad de alimentos correctamente
balanceados en su contenido energético y proteico (Kempton et al, 1979; Nicol, 1987).

En la produccion ovina de Uruguay, la época de servicio recomendada para

lograr mejores resultados reproductivos es el otofio (Cardellino y Azzarini, 1979),
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determinando que la paricion sea en primavera y el destete a inicios de verano cuando
los animales tienen aproximadamente 3 meses de edad (San Julian et al., 1998). En
ese momento del afio, el valor nutritivo de las pasturas nativas (energia y proteina)
limita el potencial de crecimiento de los corderos, los cuales experimentan tasas de
ganancia de peso inferiores a las requeridas para alcanzar un adecuado desarrollo
(Piaggio, 2014). Esta situacion conduce a un periodo de engorde més prolongado y
puede afectar la tasa de mortalidad de los corderos post destete (Campbell et al., 2009;
Gabb et al., 2012). Con el objetivo de mejorar la eficiencia de la recria estival de
corderos, este trabajo evalué diferentes alternativas nutricionales con niveles
crecientes de PC y sus efectos sobre la produccion y calidad de carne y lana.

En las siguientes secciones se presentara informacion sobre la influencia de la
nutricion durante la recria estival y como ésta incide en la etapa de terminacion de los
corderos. Posteriormente, se mencionara la influencia del sistema de alimentacion y la

dieta sobre la calidad de la canal y la carne.

1.1 INFLUENCIA DE LA ALIMENTACION EN LA RECRIA DE
CORDEROS

El consumo de forraje de animales en pastoreo depende de factores relacionados
a la pastura, el animal, el manejo y el ambiente (Cangiano, 1996). Con respecto a la
pastura, cuando la misma no presenta limitantes en términos de cantidad y estructura
(por ejemplo, altura del forraje), la digestibilidad de la materia seca/organica y su
contenido de proteina son dos factores que se relacionan con el consumo voluntario
(Nicol, 1987; White y Hodgson, 1999). La digestibilidad es un indicador del valor
nutritivo del alimento, forrajes mas digestibles resultan favorables para la produccion
de los animales en pastoreo porque incrementan la concentracion de nutrientes
disponibles en la dieta, a la vez que permiten aumentar la cantidad de alimento
consumido (White y Hodgson, 1999). En tanto, la concentracion de proteina cruda en
la dieta o su degradabilidad a nivel ruminal pueden afectar la proteina disponible en el

rumen (White y Hodgson, 1999) y por ende la sintesis de proteina microbiana y el



funcionamiento ruminal. Cuando la proteina degradable se encuentra en baja cantidad,

el proceso de fermentacion se inhibe afectando negativamente el consumo de forraje.

1.1.1 Pasturas nativas en la regién de basalto

En la region de basalto, el promedio anual de produccién de forraje varia entre
2885 y 4580 kgMS/ha en funcion del tipo de suelo (superficial rojo o negro y profundo)
y el regimen de precipitaciones (Berretta, 1997). Durante el periodo estival, se produce
aproximadamente el 30% del forraje anual, registrandose una gran variabilidad entre
afios con coeficientes de variacion proximos al 50% (Berretta y Bemhaja, 1997;
Pallarés et al., 2005). Los valores de digestibilidad de la materia seca de las pasturas
de basalto ofrecida a los animales varian entre 48 y 55%, con maximos en primavera
y verano seguidos por el otofio e invierno (Montossi et al., 2000). El contenido proteico
varia entre 6 y 15% dependiendo de la estacion, composicion boténica y la proporcion
de restos secos (Berretta et al., 2000). En las especies estivales la proteina se
incrementa a partir del otofio (6-11%), alcanzando los valores maximos en la
primavera (9-14%), para luego decaer a comienzos de verano (6-8%). En tanto, las
especies invernales presentan en promedio mayores niveles de proteina que las
estivales, poseen valores medios en otofio (6-15%), alcanzando valores maximos en
invierno (11-16%), para luego descender en primavera (10-12%) y llegar a los valores
minimos en verano (4-7%) (Berretta et al., 1990). Durante el periodo estival, el valor
nutritivo de las especies invernales maduras y el estado fisiolgico (reproduccion) de
las especies estivales determina una menor calidad de las pasturas en relacidn con otras
épocas del afio (Pigurina et al, 1998), con contenidos de proteina entre 6 y 9%,
digestibilidades cercanas a 48% Yy energia metabolizable en el entorno de 1,7
Mcal/kgMS (Montossi et al., 2000).

Los valores de digestibilidad promedio de las pasturas nativas de basalto se
encuentran muy por debajo de 70%, limite a partir del cual el consumo voluntario de
forraje puede verse afectado (NRC, 2006). Por su parte, el promedio de proteina cruda
de estas pasturas durante el periodo estival (6-9%) se encuentra cercano al limite por

debajo del cual se reduce el consumo de materia seca (Milford y Minson, 1965).
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Ademas, esta proteina presenta una baja degradabilidad ruminal (entre 34 y 29% para
tasas de pasajes de 6 y 8%/h, respectivamente) (Barbosa y Machado, 2013). En
condiciones de pastoreo, los ovinos tienen la habilidad de seleccionar forrajes de una
calidad superior que el promedio de lo ofrecido (Arnold, 1964). En pasturas nativas de
basalto y durante el periodo estival, la selectividad de los ovinos permite aumentar los
niveles de proteina, energia y digestibilidad en la dieta consumida, siendo este
incremento del orden de 23, 29 y 23%, respectivamente (Montossi et al., 2000). Aun
asi, el valor nutritivo de las pasturas nativas y el comportamiento ingestivo de los
animales no permiten lograr un adecuado desarrollo de los corderos post destete
(Piaggio, 2014).

1.1.2 Requerimientos nutricionales

Los requerimientos energéticos de los animales en pastoreo dependen de su peso
vivo, estado fisioldgico, la tasa de ganancia de peso esperada, la composicion de la
ganancia, la actividad de busqueda y cosecha del alimento y los posibles efectos de las
condiciones meteoroldgicas (temperatura, humedad, lluvia). Por su parte, los
requerimientos de proteina estan determinados por la cantidad necesaria para el
correcto funcionamiento del organismo, incluyendo las pérdidas de nitrégeno en heces
y orina. Adicionalmente, estos requerimientos dependeran de la edad, el peso vivo, el
nivel de produccion (lana y carne), el estado fisioldgico del animal, asi como la
presencia de paréasitos gastrointestinales (NRC, 2006).

En términos generales, los requerimientos energéticos y proteicos que reporta la
bibliografia son estimados en condiciones de estabulacion (Cuadros 1 y 2). Es
necesario tener en cuenta que los animales en pastoreo incrementan sus requerimientos
de energia en aproximadamente 10-20% respecto a los animales estabulados debido al
esfuerzo que implica la bdsqueda y cosecha del forraje (Hodgson, 1990).
Adicionalmente, en condiciones pastoriles los animales se enfrentan a desafios
parasitarios que pueden reducir el consumo de alimentos e incrementar sus

requerimientos (Herrera et al., 2010; NRC 2006), ademas de estar expuestos a



condiciones meteoroldgicas (lluvia, calor o frio, viento) que influyen en su
comportamiento ingestivo, requerimientos y por lo tanto en su respuesta productiva.
De acuerdo con la informacion presentada, durante el periodo estival las pasturas
nativas poseen en promedio 1,7 Mcal/kg de MS de EM y 9% de proteina cruda. Si
consideramos la selectividad en pastoreo (Montossi et al., 2000), un cordero de 30 kg
con un consumo de forraje de 1,2 kg de MS (Freer et al., 1997; 4% de su peso vivo),
no lograria cubrir los requerimientos de proteina y energia necesarios para alcanzar

una ganancia diaria de 150 g/a/d, como se observa en animales estabulados (Cuadros
1y2).

Cuadro 1. Requerimientos de energia metabolizable (Mcal de EM/dia) de corderos

segun su peso Vvivo y ganancia de peso (animales alimentados en confinamiento)

Peso vivo (kg)

Ganancia de peso (g/a/d) 20 30 40
100 15 20 o
150 1.9 29 >
200 2 o ¥

Fuente: Cuadro adaptado de AFRC, 1993.

Cuadro 2. Requerimientos de proteina metabolizable (g/dia) de corderos segun su peso

vivo y ganancia de peso (animales alimentados en confinamiento)

_ Peso vivo (kg)
Ganancia de peso (g/a/d)

20 30 40
100 64 71 77
150 80 85 91
200 95 100 105

Fuente: Cuadro adaptado de AFRC, 1993.

En pasturas de baja digestibilidad, la inclusion de alimentos altamente
degradables en rumen mejora la digestion de las pasturas incrementando el consumo
de forraje. Ademas, en pasturas de bajo contenido proteico, la incorporacion de
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alimentos energeético-proteicos podria incrementar el consumo a traves de la mejora
en los procesos de fermentacion ruminal (Hodgson, 1990). Por otra parte, en corderos
post destete, el incremento de proteina en la dieta tiene un efecto positivo sobre el
desarrollo de la inmunidad contra las afecciones de parasitos gastrointestinales
(Gibson, 1983). La incorporacion de suplementos energético-proteicos podria
contribuir a mejorar la tasa de crecimiento de los corderos post destete pastoreando

pasturas nativas.

1.1.3 Suplementacion energético-proteica

El desempefio de corderos post destete sobre pasturas nativas en verano y el uso
de suplementos proteicos y balanceados ha sido motivo de estudio en Uruguay.
Animales alimentados Unicamente en base a pasturas nativas presentan tasas de
ganancia de peso variables (32 a 68 g/a/d) e inferiores a las requeridas para lograr un
adecuado desarrollo (Piaggio, 2013) (Cuadro 3). La suplementacion al 1% del peso
vivo durante el periodo estival permite mejorar el desempefio de los corderos. Sin
embargo, las tasas de ganancia de peso no superan los 120 g/a/d, donde los mejores
resultados se logran con alimentos de mayor contenido energético (raciones
balanceadas y harina de soja). Con respecto a los niveles de proteina, estos trabajos no
fueron disefiados (tratamientos con diferentes tipos y cantidades de suplementos,
composicion quimica, contenido energético, sistema de administracion y
palatabilidad) con el objetivo de evaluar especificamente el efecto del contenido
proteico de la dieta.

En animales estabulados, un importante nimero de estudios evaluaron la
suplementacion con niveles variables de proteina sobre el desempefio de los corderos
(Cuadro 4). Estos trabajos utilizaron alimentos con un valor de digestibilidad superior
a 70% y un contenido energético entre 2,3 y 2,8 Mcal/kg MS. El consumo de alimentos
oscilé entre 0,8 y 1,5 kg MS/dia. Con respecto al efecto del contenido proteico de la
dieta sobre el consumo total de alimento, en la mayoria de los estudios no se registraron
diferencias. Sin embargo, Haddad et al. (2001) indicaron que los mayores consumos
(1,2 kg/d) fueron registrados al utilizar dietas de 16 y 18% de PC, seguidos por las de
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12 y 14% de PC (1,0 kg/d). EI consumo minimo (0,8 kg/d) se observé en los corderos
alimentados con dietas de 10% de PC. Por otra parte, cuando se evaluaron suplementos
con diferentes niveles de PC en corderos en pastoreo y utilizando forrajes similares a
las pasturas nativas de basalto (53% digestibilidad y 6% de PC), la ganancia de peso
de los animales sin suplemento fue menor a 70 g/a/d, incrementandose linealmente
con el uso de suplementos con mayores niveles de PC, siendo 131 g/a/d la maxima
ganancia de peso registrada (Gomez Vazquez et al., 2011). Tanto el sistema de
produccién (estabulado vs pastoreo) como el valor nutritivo del alimento ofrecido
(digestibilidad, energia y proteina) afectan los requerimientos, el consumo voluntario

y, por lo tanto, el desempefio productivo de los animales.



Cuadro 3. Resumen de estudios nacionales que evaluaron el efecto de la suplementacion estival sobre la ganancia de peso vivo en

corderos pastoreando pasturas nativas

Fuente Tratamientos Dieta Ganancia (g/a/d) Conclusiones
Piaggio et al. PN PN PN: 57 No se registraron diferencias
(2013) PN + Arveja PN + 50 g/a/d de PC PN + Arveja: 77 en ganancia diaria entre los
PN + HS PN + HS: 86 animales suplementos
PN + BP PN + BP: 84
San Julian et al. PN AF de trigo: ad libitum PN: 32 El uso de AT no logro
(1998) PN + AT Carga en PN: 8 corderos/ha PN + AT: 42 mejoras significativas en las
ganancias de peso
Piaggio (2013) PN Racion: 300 g/a/d PN: 33 El uso de la racion de 16%

Experimento: 2004

PN + R16% PC
PN + BP (NNP)

Carga en PN: 10 corderos/ha

PN + R16% PC: 95
PN + BP (NNP): 34

de PC mejord el desempefio
de los animales

Piaggio (2013)
Experimento: 2005

PN
PN + R16% PC

Racién 16% PC: 300 g/a/d
HS: 100 g/a/d

PN: 46
PN + R16% PC: 116

El uso de la racion de 16%
de PCy la HS mejor¢ el

PN + BP (NNP) PN + BP: 51 desempefio de los animales
PN + HS PN+ HS: 71
Piaggio (2013) PN Racion 16% PC: 300 g/a/d PN: 62 Sin diferencias entre
Experimento: 2006 PN + R16% PC HS: 100 g/a/d PN + R16%PC: 72 suplementos
PN + HS HG: 270 g/a/d PN + HS: 89
PN + HG PN + HG: 83




Fuente Tratamientos

Dieta

Ganancia (g/a/d)

Conclusiones

Piaggio et al (2011) PN
Experimento: 2007 PN + 150 g HS

HS peleteada (entre 42 y 46
% de PC)

PN + 150 g HS: 78
PN + 250 g HS: 101

Incrementos en cantidad de
HS en la dieta permitid

PN + 250 g HS Carga en PN:10 corderos/ha PN + 350 g HS: 118  mejorar las ganancias de

PN + 350 g HS peso de corderos sobre PN
Piaggio et al. PN Ad libitum —en PN: 68 La HS permitié mejores
(2014b) PN + HS autoalimentacion PN + HS: 92 ganancias que el NNP

PN + NNP Carga en PN: 10 corderos/ha PN + NNP: 79

PC: proteina cruda; PN: pasturas nativas; AF: afrechillo; BP: bloque proteico; NNP: nitrégeno no proteico; HS: harina de soja; HG:

harina de girasol; AT: afrechillo de trigo.



Cuadro 4. Resumen de estudios internacionales que evaluaron dietas con diferentes niveles de proteina cruda sobre la ganancia de peso

en corderos

Fuente Tratamientos Dieta Ganancia Observaciones Conclusiones
(g/a/d)
Kaya et al. (2009) 10% PC 25% fardos (2,1 Mcal/kg MS) 10% PC: 1417 Peso inicial: 31 kg  Optimo: 13y
13% PC 75% racion Isoenergética (2,8 13% PC: 171®  Biotipo: 16% PC
16% PC Mcal/kg MS) 16% PC: 183"  Morkaraman
Haddad et al. (2001) 10% PC 12% fardos 10% PC: 148° Peso inicial: 23 kg Optimo: 16% PC
12% PC 88% racion Isoenergética 12% PC: 227° Biotipo: Awassi
14% PC (2,5 Mcal/kg MS) 14% PC: 223P
16% PC 16% PC: 2872
18% PC 18% PC: 259%
Titi et al. (2000) 12% PC 100% racion: cebada y 12% PC: 99° Peso inicial: 15kg  Optimo: 16% PC
14% PC afrechillo de trigo Isoenergética 14% PC: 171° Biotipo: Awassi
16% PC (2,3 Mcal/kg MS) 16% PC: 208?
18% PC Ad libitum 18% PC: 189%
Gomez Vazquez et al. PS 6% PC PS + 300 g de racion 6% PC: 66° Peso inicial: 19 kg Optimo: 19% PC
(2011) 13% PC PS: 1,9 Mcal/kg MS 13% PC: 78° Biotipo: cruza
15% PC 15% PC: 90°
17% PC 17% PC: 92°
19% PC 19% PC: 1312
Hajji et al. (2015) 11% PC 33% fardos y 66% racién 11% PC: 166 Peso inicial: 32 kg  11% PC similar a
16% PC Isoenergetica (2,3 Mcal/kg MS)  16% PC: 178 Biotipo: cruza 16% PC
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Fuente Tratamientos Dieta Ganancia Observaciones Conclusiones
(g/a/d)

Zundt et al. (2002) 12% PC 30% fardos y 70% racién 12% PC: 160 Peso inicial: 32 kg  12% PC logré
16% PC Isoenergética 16% PC: 162 Biotipo: cruza similares
20% PC 20% PC: 183 resultados que
24% PC 24% PC: 166 24% PC

Machado da Rochaetal. 14% PC 20% fibra y 80% de racion 14% PC: 228 Biotipo: Santa Inés  Muy buenas

(2004) 16% PC Isoenergética (2,6 Mcal/kg MS)  16% PC: 220 ganancias de peso
18% PC 18% PC: 230 sin diferencias
20% PC 20% PC: 231 entre niveles de

PC

Meda Alducin et al. 12% PC 35% fibra 'y 65% racion 12% PC: 124" Peso inicial: 19 kg 14% PC

(2011) 14% PC Isoenergética (2,6 Mcal/kg MS)  14% PC: 1722 Biotipo: cruza increment6 38%
16% PC 16% PC: 195% la ganancia de

peso respecto a
12% PC

PC: proteina cruda; PS: pastura sembrada. Para cada experimento, diferentes letras en las ganancias de peso correspondiente a diferentes

tratamientos indican diferencias significativas (P<0,01, P<0,05 o P<0,05 segun el experimento). En el experimento de Gomez Vazquez

et al. (2011) los animales estuvieron en condiciones de pastoreo, mientras que en todos los demas estudios los corderos estuvieron

estabulados.

11



1.2 IMPLICANCIAS DE LA RECRIA SOBRE EL PROCESO DE ENGORDE
DE CORDEROS

En Uruguay, la ganancia de peso estival de los corderos recriados sobre campo
natural es muy variable y en promedio no supera los 60 g/a/d (Piaggio, 2014). Frente
a este escenario y en términos generales, los sistemas de produccién poseen bajas
ganancias de peso estivo-otofiales y el engorde se realiza cuando existe la posibilidad
de ofrecerles a los corderos una pastura de mayor disponibilidad y sobre todo de mejor
calidad (praderas, cultivos anuales invernales o campo natural en primavera). Con esta
estrategia productiva se logra terminar los corderos entre setiembre y diciembre con
pesos de faena entre 34 y 50 kg y una condicién corporal minima de 3,5 (Cordero
Pesado Tipo SUL, Azzarini, 2003; Montossi et al., 2003).

El engorde de corderos sobre diferentes opciones forrajeras (praderas,
mejoramientos o verdeos) en invierno y primavera ha sido objeto de un gran nimero
de trabajos nacionales (Cuadro 5). Si bien desconocemos el peso vivo al momento del
destete (diciembre — enero), al inicio del invierno los corderos pesan en promedio entre
23 y 26 kg, por lo cual podemos inferir que la tasa de ganancia de peso durante el
periodo estivo-otofial fue moderada a baja (entre 30 y 50 g/d), méxime considerando
que se trata de una categoria en crecimiento. Por otra parte, si bien las ganancias de
peso durante el engorde son cercanas o superiores a 200 g/a/d (Cuadro 5), debido a los
bajos pesos iniciales en la mayoria de los casos no es posible alcanzar el peso de faena
antes del afio de vida de los corderos. En definitiva, la estrategia de recria y engorde
mas utilizada implica una marcada zafralidad en el mercado de carne ovina de
animales jovenes, una permanencia de los corderos en el sistema hasta su primer afio
de vida, y una alta dependencia de pasturas mejoradas y/o suplementos que permitan

el engorde de los animales en invierno y/o primavera.
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Cuadro 5. Resultados productivos nacionales (desarrollados en INIA) del engorde inverno-primaveral de corderos sobre distintas

opciones forrajeras

Fuente Dieta Carga Periodo Peso inicial Ganancia
(corderos/ha) y final (kg) (g/a/d)
San Julian et al. Avena sativa cv INIA 25 Jun — Oct 23,1-40,3 174
(2003) Palaris + Lolium (99 dias)
multiflorum cv. INIA
Titan
San Julian et al. Lolium multiflorum cv. 25 Jun — Oct 23,5 -39,7 164
(2003) INIA Titan (99 dias)
San Julian et al. Lolium multiflorum cv. 10 Jul — Oct 25,9442 248
(2003) INIA Titan + Trifolium (74 dias)
pratense cv. LE 116
San Julian et al. Lolium multiflorum cv. 15 Jul — Oct
(2003) INIA Titan + Trifolium (74 dias) 26,2429 227
repens cv. LE Zapicén
Ayala et al. (2003) Lotus pedunculatus cv. 8 Jun — Oct 25,0-43,0 162
Grasslands Maku (110 dias)
Montossi et al. (2003) Lotus corniculatus cv. 8 May — Set 23,1-43.2 176
INIA Draco (110 dias)
Montossi et al. (2010) Cultivos anuales 20-25 May — Oct 150 - 170

invernales puros o en
mezcla

(80-100 dias)

Adaptado de Montossi et al. (2003; 2010)
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1.3 ASOCIACION ENTRE ALIMENTACION Y CALIDAD DE LA CANAL
Y LA CARNE

1.3.1 Efecto de la alimentacion sobre la canal

El nivel de alimentacion puede afectar las caracteristicas de la canal; por
ejemplo, animales con altas tasas de crecimiento generan canales con mayor nivel de
engrasamiento comparado con aquellos de crecimiento mas lento (Ponnampalam et
al., 2008). Adicionalmente, si los animales experimentan periodos de restriccion
alimentaria y la ingesta de energia no es suficiente para cubrir los requerimientos de
mantenimiento, el organismo podria utilizar los lipidos de reserva, lo cual en términos
proporcionales incrementa el tejido muscular y reduce la grasa (Butterfield et al.,
1983). Estas modificaciones en la deposicién o uso de los tejidos pueden alterar la
conformacion y/o composicion de las canales. Se ha documentado que corderos
alimentados exclusivamente con pasturas tienen una conformacién inferior
comparados con aquellos alimentados con pasturas y suplementos (Carrasco et al.,
2009). En tanto, la incorporacion de suplementos como parte de la dieta de corderos
en pastoreo afecta la conformacion y el espesor de tejido subcutaneo a nivel de la 122
costillay a 11 cm de la linea media (punto GR), que constituye un buen estimador del
grado de engrasamiento de la canal (Montossi et al., 2013).

El uso de suplementos energético-proteicos en corderos afecta la calidad de la
canal (Nufiez et al., 2007). Estudios que evaluaron el desempefio y la calidad de la
canal de corderos cruza (2 meses de edad, con 20 kg), alimentados en base a sorgo
forrajero, con y sin suplemento, encontraron que los corderos suplementados
presentaron mayor tasa de ganancia de peso, mayor rendimiento de la canal y mayor
contenido graso respecto a los animales no suplementados (Nufiez et al., 2007).
Adicionalmente, corderos alimentados con dietas de 14,5% de PC durante los 70 dias
previo a la faena, presentaron mayor peso pre- faena y de la canal respecto a aquellos
que recibieron dietas de 10,5% de PC durante el mismo periodo (Ebrahimi et al.,
2007). Por otra parte, corderos pastoreando forraje de baja calidad (1,9 Mcal/kg MS
de EM y 6% de PC) y suplementados con diferentes niveles de proteina (13, 15, 17y
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19% PC) presentaron una mayor tasa de ganancia de peso y mayor rendimiento de la
canal respecto a aquellos alimentados exclusivamente en base a pasturas (Gémez
Vazquez et al., 2011). De acuerdo con estos estudios, la incorporacion de suplementos
proteicos en la dieta de los corderos afecta positivamente su tasa de crecimiento y el
rendimiento de la canal.

Restricciones alimenticias en diferentes momentos de la vida del animal pueden
afectar la calidad de la canal. Sami et al. (2013) evaluaron las caracteristicas de la canal
de corderos (3,5 meses, con 26 kg) luego de una etapa de alimentacion restringida
seguida por una fase de alimentacion ad libitum. La primera etapa tuvo una duracion
de 35 dias y se evaluaron 3 dietas: ad libitum, 25 y 40% de la dieta ad libitum. En la
segunda fase, todos los animales recibieron una dieta ad libitum por 49 dias. Los
resultados obtenidos indican que los corderos que recibieron un 40% de la dieta ad
libitum, luego de la fase de re-alimentacion presentaron un menor contenido de grasa
subcutanea e intramuscular y menor proporcion de tejido 6seo comparados con los
animales que fueron alimentados ad libitum durante todo el periodo. Sin embargo,
estos parametros no fueron afectados en los animales que habian recibido un 25% de
la dieta ad libitum en la primera etapa y luego fueron re-alimentados, al compararlos
con aquellos que siempre recibieron dieta ad libitum. En otro estudio, un grupo de
corderos (4 meses, con 30 kg) recibié durante 5 semanas una dieta restrictiva (60% de
la dieta ad libitum), y luego fue re-alimentado ad libitum durante las siguientes 7
semanas, mientras que el otro grupo de corderos recibi6 una dieta ad libitum durante
todo el periodo experimental (12 semanas). Los corderos que recibieron 60% de la
dieta ad libitum, presentaron canales mas livianas y con menor contenido de grasa
subcutanea en comparacion con los animales sin restriccion (Abouheif et al., 2013).
El efecto de un periodo de restriccion alimenticia en corderos en crecimiento sobre la
calidad de la canal depende de la edad de los animales, la severidad y duracion de los
periodos de restriccion y re-alimentacion, asi como también de la calidad de la dieta

ofrecida durante la fase de re-alimentacion (Al-Selbood, 2009).
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1.3.2 Efecto de la alimentacion sobre las caracteristicas de la carne

Los consumidores juzgan inicialmente la carne por su color, olor y contenido de
grasa visible. Luego de probarla, las caracteristicas como terneza y sabor adquieren
mayor importancia (Brito et al., 2002). La nutricion de los animales puede afectar la
terneza de la carne. Por ejemplo, un bajo nivel de alimentacion que prolongue el
tiempo necesario para lograr el peso de faena podria generar una carne menos tierna
(Gerrard y Grant, 2006). Sin embargo, el incremento de la edad a la faena no es la
Unica razon por la cual la nutricion puede afectar la terneza de la carne. En bovinos, el
uso de dietas energéticas que incrementaron entre 84 y 126% la tasa de ganancia de
peso previo al sacrificio, permitié mejorar la terneza de la carne (ganancias medias
diarias de 1420, 770 y 340 g/a/d generaron valores de fuerza de corte de 3,8, 4,5y 4,7
kgf, respectivamente) (Gerrard y Grant, 2006). Por otra parte, en ovinos menores a 12
meses, diferencias de 27 a 46% en las tasas de crecimiento no generaron cambios en
la fuerza de corte de la carne (Cuadro 6). El efecto del nivel nutricional sobre la fuerza
de corte de la carne dependera, por lo menos en parte, de la magnitud de los cambios

generados tanto en la tasa de crecimiento como en la edad a la faena.

Cuadro 6. Fuerza de corte de la carne (kgf) de corderos de 4 a 11 meses segun la tasa

de ganancia y peso vivo previo a la faena

Fuerza de
Fuente _ T_asa de o Peso plr(e -faena corte *
crecimiento

(0/a/d) (kg) (kgf)

Priolo et al. (2002) 238 " 18
*

Gomez Vazquez et al. (2011) 19301 gi 12*
Aguayo-Ulloa et al. (2013) ggg gi g;

*|os valores estan expresados en kg/cm?

El color de la carne es la principal caracteristica sobre la cual los consumidores
basan su decision de compra (Faustman y Cassens, 1990). Esta caracteristica esta

determinada principalmente por factores ante mortem (raza, sexo, edad, dieta, estado
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nutricional, tipo de musculo y estrés) y post mortem como la temperatura y tasa de
descenso del pH (Montossi et al., 2003). La determinacion de este pardmetro por
colorimetria cuantifica la medicion de los tres componentes primarios de la luz
percibida por el ojo humano (rojo, verde y azul), proporcionando la cantidad de cada
uno de ellos presentes en la luz reflejada y generando coordenadas de luminosidad
(L*), indice de rojo (a*) e indice de amarillo (b*). Dietas que generen cambios
importantes en el contenido de grasa intramuscular pueden afectar el color de la carne
debido a que la grasa es mas luminosa que la carne (Priolo et al., 2001). Corderos
alimentados con concentrados previo a la faena producen carnes con mayor
luminosidad que aquellos alimentados en base a pasturas, atribuyéndose estas
diferencias a los mayores valores de pH registrados en los animales en pastoreo (Priolo
et al., 2002). Adicionalmente, el peso a la faena puede afectar el color de la carne,
donde corderos mas livianos presentaron carnes con mayor nivel de amarillo (b*) y
menor brillo (L*) (Teixeira et al., 2005). Finalmente, un nivel de alimentacion que
aumente la edad de faena seria otro factor que podria afectar el color de la carne
mediante el incremento de la concentracién de mioglobina (Montossi et al., 2003).
La alimentacion del animal afecta el contenido de grasa intramuscular y
composicion de &cidos grasos de la misma (Enser et al., 1998). Corderos alimentados
en base a forraje tienen una menor deposicion de grasa subcutanea en comparacion
con animales alimentados con dietas en base a concentrados. Estas diferencias estan
asociadas con la menor concentracion energética de los forrajes y el mayor costo de
mantenimiento de los animales en pastoreo en comparacion con los confinados
(Montossi et al., 2014). Los periodos de crecimiento y engorde estan asociados con un
incremento en la deposicidn de grasa, primero subcutanea y luego intramuscular. La
variacion en el contenido de grasa intramuscular afecta la composicién de acidos
grasos, independientemente de la especie, raza y dieta (De Smet et al., 2004). A
medida que aumenta la grasa intramuscular, el contenido de acidos grasos saturados
(AGS) se incrementa mas rapidamente que los acidos grasos poliinsaturados (AGPI),
determinando una disminucién de la relacion AGPI/AGS. Utilizando informacion de

diferentes trabajos de investigacion, De Smet et al. (2004) establecieron una relacion
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entre AGPI/AGS y el contenido de grasa intramuscular en la carne bovina,
encontrando que ambas caracteristicas tienen una relacion inversa y exponencial.

Los acidos grasos considerados mas beneficiosos para la salud humana son los
AGPI, en particular los de la serie omega-3 (Williams, 2000). De acuerdo con el
British Department of Health del Reino Unido (1994) la relacion AGPI/AGS
recomendada en dietas para humanos deberia ser superior a 0,45, mientras que la
relaciébn omega-6/omega-3 (n6/n3), deberia ser menor o igual a 4. Los principales
acidos grasos encontrados en la grasa intramuscular de animales alimentados
exclusivamente con pasturas o con pasturas mas concentrados son el oleico (18:1),
palmitico (16:0) y esteérico (18:0), en proporciones de 71 % a 77% del total de &cidos
grasos (Brito, 2006). Trabajos realizados con bovinos reportan un mayor contenido de
acido miristico (14:0), miristoleico (14:1), palmitico (16:0), palmitoleico (16:1) y
oleico (18:1) en la grasa intramuscular de los animales terminados con dietas altas en
concentrados respecto a los alimentados con pasturas (Brito, 2006). Por su parte, en
estos mismos trabajos, los animales terminados en pasturas tuvieron mayores
concentraciones de los acidos estearico (18:0), linoleico (18:2), linolénico (18:3),
araquidonico (20:4), eicosapentaenoico (20:5), y docosapentaenoico (22:5) respecto a
los alimentados con concentrados. Esta tendencia también se puede observar en

experimentos realizados con ovinos (Cuadro 7).
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Cuadro 7. Perfil de acidos grasos (%) en la grasa intramuscular de corderos segun el

tipo de dieta

< . Fisher et al. (2000) | Jacques et al. (2016) | Carieque et al. (2007)

Acido graso P C P C P C
14:0 3,22 2,3 3,0 2,9 2,3 2,3
14:1 - - 0,10 0,08 0,06 0,09
16:0 18,6 19,4 22,9 25,22 23,4P 25,22
16:1 - - 1,4 1,5 1,2° 1,62
18:0 14,32 12,3° 19,72 16,8° 20,72 16,9°
18:1 31,7 36,72 33,5° 38,42 34,9 39,32
18:2 6,8° 9,72 5,7 5,3 5,4P 6,4
18:3 2,32 0,7 1,92 0,6 2,52 0,8
20:4 n-6 2,6 3,3 1,2 1,0 2,2 2,3
20:5n-3 1,32 0,4 0,12 0,2 1,6 0,4
22:5n-3 1,52 0,8 0,72 0,4 1,42 0,7°
22:6 n-3 0,62 0,3 0,22 0,1° 0,42 0,2

P: pasturas; C: concentrados. Dentro de cada trabajo, diferentes letras en la misma

fila indican diferencias significativas (P<0,05).

La carne de los corderos terminados en condiciones de confinamiento y
alimentados con concentrados posee una menor relacion AGPI/AGS y una mayor
relacion né/n3, comparados con aquellos terminados sobre pasturas (Wood et al.,
2008). Estas diferencias se producen tanto por la composicion de la dieta como por
aspectos relacionados al sistema de produccion (ejemplo: actividad de pastoreo). En
este sentido, corderos en pastoreo produjeron una carne con mayor contenido de acidos
grasos n3 'y similar de n6, comparado con aquellos alimentados con el mismo forraje,
pero en condiciones de confinamiento. Sin embargo, la magnitud de estas diferencias
no fue suficiente para modificar la relacion n6/n3 (Jacques et al., 2016). Por otra parte,
dentro de los sistemas de produccion de corderos que combinan pastoreo y
concentrados, el uso restringido de granos no genera diferencias significativas en el
perfil de &cidos grasos asociados a la salud humana, produciendo carnes tan saludables

como las producidas en sistemas exclusivamente pastoriles (Montossi et al., 2014).
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1.4 CONCLUSIONES DE LA REVISION BIBLIOGRAFICA

La recria ovina nacional - y en particular en la region baséltica - se desarrolla
principalmente sobre pasturas nativas y sobre suelos con restricciones como para
utilizar pasturas mejoradas en forma generalizada, lo cual limita el potencial de
crecimiento de los corderos post destete. En este contexto, el uso de suplementos
energeético-proteicos durante el periodo estival sobre pasturas nativas podria ser una
alternativa que permita mejorar la tasa de crecimiento de los corderos. La bibliografia
disponible aporta informacion sobre el impacto productivo del uso de dietas con
diferentes niveles de proteina, principalmente en animales estabulados. Sin embargo,
es escasa la informacion sobre la respuesta al uso de suplementos energéticos con
diferentes niveles de PC en corderos sobre pasturas nativas de baja calidad, que deben
ser seleccionadas y cosechadas por los animales. Si el uso de estos suplementos logra
mejorar las tasas de ganancia de peso durante la recria post destete, permitiria adelantar
la edad de faena y liberar &rea de pastoreo para otra categoria o especie en el sistema
de produccion. Esta estrategia implica cambios en la composicion de la dieta, en la
actividad de pastoreo, en la tasa de crecimiento y en la edad de faena de los corderos,

lo cual podria afectar algunos de los parametros de calidad de la canal y carne.
1.5 HIPOTESIS Y OBJETIVOS
El uso de suplementos energéticos con niveles crecientes de proteina (12, 16 y
20%) en corderos recriados sobre pasturas nativas, mejora de forma diferencial su

crecimiento y produccion de lana, y luego de una etapa de engorde sobre pasturas

cultivadas, no genera efectos detrimentales en el valor nutritivo de la carne.
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Objetivo general:

e Evaluar el efecto del uso de suplementos iso-energéticos con diferentes niveles
de proteina durante la recria estival sobre el crecimiento, produccion y calidad
de lana, canal y carne de corderos.

Obijetivos especificos:

e Evaluar la evolucidon de peso vivo, &rea de ojo de bife y grado de engrasamiento
de corderos sobre pasturas nativas y suplementados con raciones iso-
energeéticas de diferentes niveles de proteina durante la recria estival.

e Evaluar el crecimiento y calidad de lana de corderos sobre pasturas nativas y
suplementados con raciones iso-energéticas de diferentes niveles de proteina
durante la recria estival.

e Determinar el impacto de utilizar suplementos iso-energéticos con diferentes
niveles proteicos durante la recria sobre la edad a la faena, las caracteristicas

de calidad de la canal y carne de los corderos luego de una etapa de engorde.

Los siguientes articulos cientificos corresponden a los capitulos dos y tres de la
tesis.
Body growth and wool characteristics of lambs grazed on native pastures are
improved when supplementing with energy and protein. Fue enviado a Small
Ruminant Research el 16 de junio de 2018. Ramos, Z; De Barbieri, I; Van Lier, E;
Montossi, F. Estado actual: en revision.

Carcass and meat quality attributes of grazing lambs are affected by

supplementation during early rearing post-weaning. Ramos, Z; De Barbieri, I; Van
Lier, E; Montossi, F. Sera enviado a Small Ruminant Research en 2018,
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2. BODY GROWTH AND WOOL CHARACTERISTICS OF LAMBS
GRAZED ON NATIVE PASTURES ARE IMPROVED WHEN
SUPPLEMENTING WITH ENERGY AND PROTEIN

2.1 ABSTRACT

In a completely randomized experimental design with two replicates, the impact
of iso-energetic supplements with different protein levels on body and wool growth
was studied in eighty crossbreed (Merino Dohne x Corriedale) castrated male lambs
(24.5 * 4.4 kg of body weight, BW, 4 months of age) in summer (103 days) for three
years. Animals were randomly allotted to four treatments (n = 20). All lambs grazed
native pastures and in three treatments animals were daily supplemented (2% BW)
with an iso-energetic supplement of different CP levels: control (CON, no
supplement), 12% CP (12CP), 16% CP (16CP) and 20% CP (20CP). Supplemented
lambs presented higher final BW (36.0, 36.4 and 37.7 kg for 12, 16 and 20CP,
respectively) than CON lambs (28.9 kg) (P<0.05). Among supplemented lambs, the
12CP group had the lowest BW (P<0.05), without differences between 16CP and
20CP. Supplemented lambs presented greater body-weight gain, body condition score,
rib eye area and fat thickness than CON lambs (P<0.05). Wool growth was 40% greater
in supplemented lambs compared to CON lambs (P<0.05), while 20CP animals
presented the greatest growth (P<0.05). Iso-energetic supplementation with different
CP (12, 16 and 20%) content improved body and wool growth of lambs grazing native
pastures (NP) compared to non-supplemented lambs in summer after weaning. Wool

growth was greatest when 20% CP supplement was used.

Keywords: sheep, grazing, body weight
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2.2 INTRODUCTION

Weaning is one of the most critical and stressful periods for lambs (Karakus,
2014), and higher weaning weight and post-weaning growth can mitigate mortality
rates in weaned lambs (Gabb et al.,, 2012) and improve future reproductive
performance of the ewe (Langlands et al.,1984). After weaning lambs have high
energy and crude protein (CP) requirements (NRC, 2006); each additional unit of CP
represents additional input costs for the farmers. Energy and crude protein
requirements of lambs depend on their body weight, body-weight gain, the diet energy-
protein ratio, grazing activities, weather conditions, level of intake, health status, diet
metabolizability and CP degradability among others (Coop and Holmes, 1996; NRC,
2006; Freer et al., 2007).

In sheep production systems based on native pastures, the quality and quantity
of forage is highly variable (Piaggio et al., 2014). Dry matter digestibility,
metabolizable energy (ME) and crude protein content of native pastures in Campos
grasslands vary between 48-55 %, 1.7-2.0 Mcal/kg DM and 6-15%, respectively, with
lower levels coinciding with summer months when most lambs have been recently
weaned (Berretta et al., 2000; Montossi et al., 2000). After weaning, the daily
requirements of a 30 kg lamb are 130 g of CP and 2 Mcal of ME for an average body-
weight gain (BWG) of 200 g/d. Therefore, weaning lambs on native pastures
containing 7-10% CP and less than 2.0 Mcal/kg DM of ME can lead to subclinical
metabolic disorders (Keser and Bilal, 2008).

In most studies, to address this issue, lambs are kept in drylots and fed
concentrates and dry hay (Kaya et al., 2009; Fernandez et al., 2005). For instance,
lambs supplemented with 14, 16, 18 and 20% of CP in the diet (20% roughage and
80% concentrate) showed no significant differences in body weight (BW), BWG and
feed conversion after 56 days (Machado da Rocha et al., 2004). However, others have
shown a positive linear BWG relationship between dietary CP levels and BWG in
Merino lambs (McGregor and McLaughlin, 1980). In another study, the most cost
efficient diet was achieved with a 12% CP level when using iso-energetic diets with
different protein levels in lambs (Zundt et al., 2002). Furthermore, final BW and BWG

23



increased linearly with dietary protein level in lambs grazing on cultivated pastures
(Cynodon plectostachyus) supplemented with varying CP levels (13, 15, 17 and 19%
CP in the diet) (GOmez Vazquez et al., 2011).

The impact of supplementing grazing lambs with energy and different CP levels
has not received much attention in the Campos grasslands. Grazing sheep have the
ability to select greater quality pastures (or fractions of the pasture) within the offered
forage (Arnold, 1964), which may affect their response to energy and protein
supplementation when grazing on native pastures. Furthermore, most of the results on
protein supplementation were obtained using high concentrate diets and sheep of meat-
purpose breeds. Also, protein intakes are more important for wool growth than energy
intake (Kempton et al., 1979), and the major restriction for wool growth is the amount
and type of available amino acids to the wool follicle. To the best of our knowledge,
little is known about the response in wool production and quality in a dual-purpose
breed reared on native pastures and supplemented with different CP levels.

Because the nutritive value of native pastures during summer is insufficient to
meet the needs of growing lambs after weaning, our working hypothesis was that
supplementation with energy and increasing levels of CP will improve the
performance of newly weaned lambs grazing on native pastures. The aim of this study
was to compare the impact of using iso-energetic supplements with different protein
levels on body weight, body-weight gain, body condition score, rib eye area, fat
thickness, wool growth and quality, grazing behaviour and blood parameters on lambs

grazing native pastures.

2.3 MATERIALS AND METHODS

2.3.1 Location, period, animals and treatments

The experiment was carried out at Glencoe Experimental Unit of the Instituto
Nacional de Investigacion Agropecuaria in Uruguay (-32°2°27”, -57°9°7”) during
summer (from mid-January to mid-April) for three years (2013, 2015 and 2016). All
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procedures were approved by the Universidad de la Republica’s Animal Ethics
Committee (CHEA N° 2015.46).

Each year, eighty crossbreed Merino Dohne x Corriedale (between 88 and 97%
Merino Dohne) and Corriedale castrated male lambs (24.5 + 4.4 kg BW; 4 months of
age) were allotted to one of four treatments (n = 20 per treatment) with two replicates
per treatment (n = 10) according to breed and proportion of Merino Dohne in the
crossbreeds. In all treatments, lambs continuously grazed native pastures at a stocking
rate of 10 lambs/ha. In three of the four treatments, the animals were supplemented at
the same rate (2% BW as fed basis) with an iso-energetic supplement (S, 2.9 Mcal
ME/kg DM) which only varied in its CP content. Treatments were as follows: control
(CON, no supplement), 12% CP (12CP), 16% CP (16CP) and 20% CP (20CP).

At the beginning of the experimental period, all animals were gradually
accustomed to the supplement until the target intake level was reached (10 days).
Animals were supplemented twice a day (7:30 am and 5:30 pm), offering half of the
total daily amount of feed each time, and had free access to mineral blocks, clean water
and artificial shade (0.9 m?/animal). For the supplemented treatments, S offered was

adjusted on a weekly basis according to the average unfasted BW of each replicate.

2.3.2 Animal measurements

At the beginning and at the end of the experiment, fasted (14 h) and unfasted
BW were recorded. Additionally, unfasted BW was recorded weekly, body condition
score (BCS) every 14 days (according to a five-point scale, Jefferies, 1961), and rib
eye area (REA) and fat thickness (FT) on a monthly basis. Both REA and FT were
measured at the Longissimus dorsi muscle by ultrasound. Lambs were scanned with
an Aloka SSD 500V W/2X real-time scanner (Tokyo, Japan) using a linear probe of
3.5 MHz (UST-5511U-3.5, 18 cm, Aloka, Tokyo, Japan). The probe was placed
perpendicularly to the backbone between the 12" and 13" thoracic vertebrae. Before
each measurement, the lamb’s wool was brushed aside, and vegetable oil was used as
a coupling medium between the skin and the probe. Once a satisfactory image was

obtained at the site, it was captured on videotape (VST - NTSC). Measurements were
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later calculated by image analysis with BioSoft Toolbox® Il for Beef C 2007 - 2012
(Biotronic, Inc. software, Aspen, IOWA, USA).

Wool growth rate was measured using the Langlands and Wheeler (1968)
method. A patch of approximately 10 x 10 cm was clipped on the right mid-flank
position of each animal at the beginning of the experiment, and at the end of the
experiment a second patch was clipped on the same place and wool was removed. The
second patch’s four sides and one diagonal were measured to calculate the area of the
patch using Heron’s formula (De Barbieri et al., 2015). Clipped wool was conditioned
for 48 h at 60°C in an oven and weighed for greasy wool weight. Wool growth was
calculated by the following equation: [(greasy weight (g)/area (cm?)/days of the
experiment) x 10°]. Samples were sent to a commercial laboratory (Uruguayan Wool
Secretariat, Montevideo, Uruguay) where fibre diameter, its coefficient of variation
and length of fibre were measured according to the IWTO 12 norm (Measurement of
the Mean and Distribution of Fibre Diameter Using the Sirolan-Laserscan Fibre
Diameter Analyzer) (ASTM, 1999). Three staple samples were randomly chosen to
estimate staple length. Subsamples of 50 g were weighed on a greasy basis and after
that washed in beakers emulating industrial procedures, centrifuged and dried at
105°C. This washed and dried sample was left for 24 h in standard atmosphere
conditions (20 = 2°C y 65 + 3% relative humidity) and reweighed (clean weight) to
calculate the washing yield.

Grazing behaviour of lambs was evaluated only during 2016, on three occasions
throughout the experimental period (January, February and March). Each lamb was
identified with a number on the flank using a colour spray mark and its behaviour was
observed every 15 min during daylight hours. Each observer assessed 20 animals at
the same time, and rotated between treatments every three hours, allowing the
evaluation of all animals by each observer by the end of the day. Recorded activities
were: eating concentrate, grazing, ruminating or resting. Total daily time spent in each
activity was calculated as follows: (number of observations x 15 min)/60 min.
Additionally, to calculate bite rate (bites per minute), the amount of time for the animal
to take 20 bites was measured four times during the day, at 9:00, 11:00, 16:30 and
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18:00 h and then converted as follows: (1 min x 20 bites)/time (min) for the animal to
take 20 bites.

Blood samples were taken only in 2016. Blood samples were collected by jugular
venipuncture using two types of vacutainer tubes, one of which contained potassium
oxalate as an anticoagulant and sodium fluoride as a preservative (to obtain plasma),
and the other free of anticoagulant (to obtain serum). Three samples were taken from
each lamb on days 13, 54 and 103 of the experimental period at 9:00, 12:00 and 15:00
h. The samples were centrifuged at 3000 rpm for 10 min and aliquots of plasma and
serum were kept at —20°C until analysis. Metabolic profiles were determined at the
Laboratory of Animal Endocrinology and Metabolism of the Veterinary Faculty
(Universidad de la Republica, Montevideo, Uruguay). All blood samples were
analysed using spectrophotometry (A25, BioSystem, Barcelona, Spain) and the
evaluated metabolites were: total protein (Biuret reaction, A25, BioSystem, Barcelona,
Spain), albumin (BCG, A25, BioSystem, Barcelona, Spain), urea (GIDH UV, A25,
BioSystem, Barcelona, Spain), glucose (GOD-PAD, Vitalab Selectra 2, Wienner Lab
group, Montevideo, Uruguay) and B-hydroxybutyrate (BHB) (D-3-hydroxybutyrate
kit, A25, BioSystem, Barcelona, Spain). For BHB, the assay detection limit was 0.02
mmol/l, and intra-assay CV for control 1 and 2 were 10.8 and 1.9%, respectively. For
glucose, the assay detection limit was 0.08 mmol/l, and intra-assay CV for control 1
and control 2 were 3.4 and 3.5%, respectively. For total protein, the assay detection
limit was 1.6 g/l and the intra-assay CV for control 1 and control 2 were 3.1 and 1.3%,
respectively. For albumin, the assay detection limit was 1.4 g/l, and intra-assay CV for
control 1 and 2 were 4.9 and 2.1%, respectively. For urea, the assay detection limit
was 0.63 mmol/l, and intra-assay CV for control 1 and 2 were 10.3 and 5.1%,

respectively.

2.3.3 Pasture measurements

Pasture dry matter of each plot was estimated on five selected sites and these
were marked at the beginning of the experiment. Every 28 d, on the same sites, five

clippings of 5 m long at ground level with an 8-cm wide electric scissors (Handpiece
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type: 12V Heiniger, Herzogenbuchsee, Switzerland) were made on each plot, so that
at each site a quadrant of 5 m x 8 cm was cut. Each of the five samples were
individually fresh weighed and then mixed in a pool. From the pool, two subsamples
were fresh weighed and afterwards dry weighed after approximately 48 h of oven
drying (60°C) for dry matter content estimation. The average of these two estimations
was applied to each of the five fresh weights. The dry matter content of each of the
five samples were expressed as herbage mass (kg DM/ha) using the following
equation: [(dry weight (kg)/0.4 m?) x 10000]. Pasture height was measured 10 times
using a steel ruler on the same quadrants before the clippings were made. At the
beginning of the experiment, average herbage mass and height were 2421 + 187 kg
DM/ha and 12.8 = 0.95 cm, respectively.

In order to estimate the chemical composition of the forage, pasture samples
were analysed for crude protein (CP) and acid detergent fibre (ADF) at the Animal
Nutrition Laboratory of INIA La Estanzuela (Colonia, Uruguay). Crude protein was
analysed according to the procedure described by AOAC (1990). Acid detergent fibre
was analysed following the procedure described by Robertson and Van Soest (1981).
Dry matter digestibility (DMD) was calculated to estimate metabolizable energy, using
the following equation: DMD (%) = 88.9 — (0.779 x ADF %) (Suleyman and Mucahit,
2015), while metabolizable energy was estimated as follows: ME (Mcal/kg) = (4.4 x
0.82 x DMD)/100 (ARC, 1980). Botanical composition was estimated using two
subsamples of the forage sample pool, and each of these was separated into dead and
green forage. Then, green forage was separated into the following components: grasses
(leaf and stem separately), legumes and weeds. Each green forage fraction was
weighed after approximately 48 h of oven drying (60°C). Leaf, stem and legume
percentages were calculated considering their dry weight relative to the total dry
weight of each subsample. The characteristics of forage and supplement offered are

shown in Table 1.
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Table 1. Mean (£ SEM, three years) herbage mass (kg DM/ha), sward height (cm) and
chemical composition of the forage and supplement offered to each treatment

Treatments
Parameter CON 12CP 16cP 20cp °FM

Forage offered

Herbage mass (kg DM/ha) 2387 2499 2153 2279 177.8
Height (cm) 124 124 119 124 140
Dry forage (%) 59 57 59 60 -
Green leaves (%) 36 36 34 34 -
Green stems (%) 5 6 6 5 -
Metabolizable energy (Mcal’kg DM) 2.1 2.1 2.1 21 0.02
Crude protein (%) 6.6 6.4 6.6 6.7 0.45
Dry matter digestibility (%) 58 58 58 59 0.80
Supplement offered
Metabolizable energy (Mcal/kg DM) 2.9 2.9 2.9 -
Crude protein (%) 12 16 20 -

CON, 12CP, 16CP and 20CP correspond to Control, 12% CP, 16% CP and 20% CP.

2.3.4 Forage and supplement intake estimation

Potential and relative daily forage DM intake of lambs were estimated using the
equations proposed by CSIRO (2007). These estimations were made as follows:
e Potential intake = [0.04 x Standard Reference Weight x Relative Size x
(1.7 — Relative Size) x Condition factor].
e Relative intake = 1 — 1.7 x [max ((0.8 — (1 — legume proportion in the
pasture)) — digestibility dry matter of the selected diet].
The Standard Reference Weight (SRW) is approximately the live weight that would be
achieved by that animal when skeletal development is complete and the condition score
is in the middle of the range, i.e. condition score 3 for sheep (CSIRO, 2007). Normal
weight was calculated using SRW (kg), birth weight (kg), age of the animal (months)
and a constant k = 0.47 for sheep. The relative size of the animal was calculated as the
ratio of normal weight to SRW.
Metabolizable energy and CP intake were calculated according to the chemical
composition and intake of pasture and supplement, and grazing selectivity of sheep on

native pastures was taken into account (Montossi et al., 2000). It was assumed that the
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forage consumed presented a higher quality than that offered in 23, 29 and 23% for
CP, ME and DM digestibility, respectively (Montossi et al., 2000). Total diet CP and

ME intakes were estimated as the sum of both supplement and pasture CP and ME

intakes, and an 85% substitution of forage by supplement was assumed in the

supplemented groups (Hodgson, 1990) (Table 2).

Table 2. Estimated dry matter (kg DM/day), metabolizable energy (ME, Mcal/kg DM),

and crude protein (CP, %) intake for each treatment in accordance with the nutritive

value of the forage and supplement offered

Parameter Treatments
CON 12CP 16CP 20CP

Metabolizable energy (ME, Mcal/kg DM)

Supplement ME - 290 290 290

Forage ME 2.17 2.10 2.13 2.14
Crude protein (CP, %)

Supplement CP - 120 16.0 20.0

Forage CP 6.6 6.4 6.6 6.7
Estimated DM intake (kg/day)

Potential daily intake 140 130 130 1.30

Supplement intake (2% BW) - 063 063 0.64

Estimated forage intake 119 066 065 0.64
Estimated intake of ME (Mcal/day)

Supplement ME intake - 183 183 1.86

Forage ME intake 3.21 1.78 1.76 1.73

Total diet ME intake 321 361 359 359
Estimated intake of CP (kg/day)

Supplement CP intake - 0.08 010 0.13

Forage CP intake 009 005 005 0.05

Total diet CP intake 009 013 015 0.18

CON, 12CP, 16CP and 20CP correspond to Control, 12% CP, 16% CP and 20% CP;

and BW corresponds to body weight.
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2.3.5 Statistical analysis

All data (body weight, body-weight gain, body condition score, rib eye area, fat
thickness, wool growth and quality, blood parameters and grazing behaviour) was
analysed using a general linear model of the statistical package Infostat (Grupo
InfoStat Professional, FCA, Universidad Nacional de Cordoba, Argentina). The model
included ‘treatment’ and ‘year’ and their interactions as fixed effects. For final body
weight, body condition score and blood parameters analysis, the first measurement (at
the beginning of the experiment) was used as a covariate in the model, whereas the
covariate used for rib eye area and fat thickness was the body weight on the same day
of the measurements. A simple linear regression model was used for BWG estimation.

Differences were considered statistically significant when P<0.05.*

2.4 RESULTS

Fasted body weight was affected by treatment (P<0.05). Supplemented lambs
presented 27% greater final BW than control lambs (P<0.05), whereas among
supplemented lambs BW was greatest with 16 and 20% CP levels (Table 3). There
was an interaction between treatment and year (P<0.05). In 2015, CON lambs
presented lower final BW than 20CP group (P<0.05), but without differences
compared to 12 and 16CP lambs, whereas in 2013 and 2016, all supplemented lambs
were heavier than CON group (P<0.05). Body weight gain was affected by treatment
(P<0.05). Supplemented lambs gained 2.8 times more weight than control lambs.
Nonetheless, BWG was not affected by different CP supplement levels (Table 3).
There was an interaction between treatment and year (P<0.05). In 2015, no differences
were found between CON and 12CP lambs, whereas in 2013 and 2016, all
supplemented lambs had greater BWG than CON lambs (P<0.05).

Body condition score was affected by treatment (P<0.05). Supplemented lambs
had higher BCS than those non-supplemented (P<0.05), while 12CP lambs had lower

1 Among supplemented lambs, both quadratic and lineal responses were evaluated and no differences were
detected.
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BCS than 16 and 20CP (P<0.05) (Table 3). The interaction between treatment and year
was significant (P<0.05). In 2013, 12CP lambs had lower BCS than 20CP lambs
(P<0.05), while in 2015 and 2016, BCS was not affected by different CP supplement
levels. Rib eye area and fat thickness were affected by treatment (P<0.05). Rib eye
area was greater in supplemented than in control groups (P<0.05), while no differences
(P>0.05) were detected among S treatments. Fat thickness was greater for 12CP and
16CP than control groups (P<0.05), whereas 20CP was not different (P>0.05) to all

groups.

Table 3. Mean (= SEM, three years) fasted body weight (kg), body-weight gain (g/d),
body condition score (units), rib eye area (cm?) and fat thickness (mm) of lambs for

each treatment

Treatments

Parameter CON 12cP 16CP 200 oM
Fasted body weight (kg) 28.9° 36.0° 36.4®  37.7° 0.55
Body-weight gain (g/d) 44P 118° 1232 131° 10.0
Body condition score (units) 2.8° 3.1° 3.2% 3.32 0.02
Rib eye area (cm?)BW 6.0° 7.3 7.22 7.6 0.40
Fat thickness (mm)BW 1.7° 2.0 2.0 1.9% 0.10

CON, 12CP, 16CP and 20CP correspond to Control, 12% CP, 16% CP and 20% CP.
Different letters within a row (*°) indicate significant differences (P<0.05). ": body

weight was included as a covariate in the model.

Wool growth was affected by treatment (P<0.05). While supplemented lambs
produced approximately 40% more wool than control lambs (P<0.05), 20CP animals
presented the greatest wool growth (P<0.05). Wool fibre length was longer for the
20CP group compared with the control group (P<0.05), whereas no differences
(P>0.05) were observed among supplemented lambs (Table 4). Fibres were 13%
thinner for the CON lambs compared to supplemented groups (P<0.05), which did not
present differences among them.
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Table 4. Mean (+ SEM, three years) wool growth (ug/cm? per day), fibre diameter (L),
fibre length (cm), coefficient of variation of fibre diameter (%) and yield (%) of lambs

for each treatment

Treatments
Parameter SEM
CON 12CP 16CP 20CP
Wool growth (ug/cm? per day) 907¢ 1223 1234° 1375* 33.0
Wool fibre diameter (1) 18.2° 20.1* 20.7% 20.9° 0.6
Wool fibre length (cm) 3.9° 42% 43 44 05
Coefficient of variation of fibre diameter (%) 16.8 176 173 173 0.8
Yield (%) 756 753 743 738 35

CON, 12CP, 16CP and 20CP correspond to Control, 12% CP, 16% CP and 20% CP.
Different letters within a row (2> indicate significant differences (P<0.05) among

treatments.

Total grazing, supplement intake, rumination and resting times were affected by
treatment (P<0.05). Control lambs spent more time grazing than supplemented groups
(7.8 hvs 5.3 h, P<0.05), while among supplemented groups, 12CP lambs spent 15 and
22% more time grazing than 16CP and 20CP, respectively. Control and 12CP lambs
ruminated 40% less time than 16CP and 20CP groups (P<0.05). Resting time was 40%
less for control animals compared to supplemented groups (P<0.05). Supplement
intake time was similar for all supplemented groups (P>0.05). Mean bite-rate was
unaffected by treatment (P>0.05).

No differences (P>0.05) were found between dietary treatments for mean plasma
B-hydroxybutyrate, glucose or total protein (Table 5). Both, glucose and B-
hydroxybutyrate fluctuated within a narrow range. Albumin concentration was 18%
lower in control compared to supplemented groups (P<0.05), whereas among
supplemented groups no differences were found (P>0.05). Urea concentrations were
affected by treatments and the highest concentration was observed in CON lambs
(Table 5).
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Table 5. Mean (= SEM, only 2016) concentrations of blood B-hydroxybutyrate
(mmol/l), glucose (mmol/l), total protein (g/l), albumin (g/l) and urea (mmol/l) of

lambs for each treatment

Treatments

Parameter CON _12CP__16CP__20CP_ “CM
B-hydroxybutyrate (mmol/l) 0.4 0.4 0.5 0.5 0.03
Glucose (mmol/l) 4.1 4.1 4.0 3.9 0.13
Total protein (g/l) 50.8 54.2 53.4 54.5 1.10
Albumin (g/l) 240°  27.0* 285° 29.1* 0.76
Urea (mmol/l) 6.6 5.2" 5.1° 6.1  0.29

CON, 12CP, 16CP and 20CP correspond to Control, 12% CP, 16% CP and 20% CP.
Different letters within a row (*°) indicate significant differences (P<0.05) among

treatments.

2.5 DISCUSSION

This experiment evaluated the effect of supplementation with energy and
increasing levels of CP in newly weaned lambs grazing native pastures on body
weight, body-weight gain, body condition score, rib eye area, fat thickness, wool
growth and quality, grazing behaviour and blood parameters. The hypothesis that
supplementation improves lamb performance after weaning was confirmed. The use
of iso-energetic supplements enhanced both wool production and quality, body weight
and body condition score achieving the highest production when 16 and 20% CP were
used. However, for BWG and REA no differences were found among CP supplement
levels. Wool and meat production in weaned lambs of a dual-purpose breed fed with
high-energy concentrate and different protein levels on native pastures can be
improved with increasing dietary CP levels.

The nutritive value of native pastures during summer can be insufficient to meet
the requirements for a high meat and wool production in lambs under grazing
conditions. According to Grazfeed predictions (Freer et al.,1997) the estimated intake
for the non-supplemented lambs in our study should have been approximately 1.4 kg
DM/day without satisfying the requirements of rumen degradable protein and thus

limiting forage intake. The estimated intake would have allowed a BWG of
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approximately 82 g/d. However, the lambs from the CON group presented a BWG
below 50 g/day, which could be explained by either a higher energetic cost of forage
harvest or an increase in the protein and energy demand by a potential nematode
infection (Liu et al., 2005). The first explanation could be based on the wide variation
of energetic costs associated with grazing activities (25 to 50% of daily energy
requirements) (Krysl and Hess, 1993), which, in this case, could have increased animal
requirements. The second interpretation is based on the fact that grazing young lambs
under suboptimal nutritional status are more susceptible to gastrointestinal nematode
infection, which can eventually affect their growth rate (Coop and Holmes, 1996),
events not considered in estimations made by Freer et al. (1997). A properly balanced
diet is essentially for normal growth and development of the immune system of young
lambs, an area critical for achieving high performances in a grazing-based production
system.

Protein supplementation improves the performance of animals fed with low-
quality forages (Moore et al., 1999). Even though our supplements contained 12, 16
and 20% CP, actual dietary levels were probably closer to 10, 12 and 14%, respectively
due primarily to the low quality of the consumed forage (Table 2). Previous studies
evaluated iso-energetic diets with different overall CP levels (10, 12, and 14% CP) and
found significant differences in BWG of lambs (initial BW: 23 kg) supplemented with
10% CP compared with 14% CP level (Haddad et al., 2001). On the other hand, lambs
with an initial BW of approximately 15 kg consuming diets with different CP levels,
showed significant differences in BW between supplementing a 12 or 14% CP content
diet (Titi et al., 2000). In these two experiments, BWG fluctuated within a wide range
(from 99 to 223 g/day) but lambs were not allowed access to pastures. In our study,
the maximum BWG achieved was 131 g/d when CP levels were at 20%.
In accordance with this data, Gomez Vazquez et al. (2011) found that the maximum
BWG achieved was 131 g/day in a diet with 19% CP when animals were fed with
different protein level under grazing conditions. In order to improve the growth of
lambs grazing low-quality pastures during summer, according to the CP levels

evaluated here, supplements with at least 12% CP and 2.9 ME contents are necessary.
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Most of the studies indicate a linear relationship between body weight and body
condition score, but the increase of body weight for each unit of BCS varies according
to the breed (Kenyon et al., 2014). In our study, the difference detected in BCS
between control and supplemented lambs was only 0.7 units, which was associated
with a body weight change of 7.9 kg. Therefore, we expect that within supplemented
groups no relevant differences in BCS were possible due to the narrow range of body
weights (differences of less than 2 kg). Body condition score is a good predictor of
body fat reserves; FT is positively correlated with BCS (r = 0.66, Chay-Canul et al.,
2016). Increases in BCS from 3 to 4, or 4 to 5 units (Jefferies, 1961) results in a greater
rate of fat deposition at a subcutaneous and omental level (Teixeira et al., 1989). In
our study, difference of 0.7 BCS units was sufficient to detect differences in the FT of
supplement animals compared to CON animals. On the other hand, REA is related to
muscle development and can be used as an indicator of total amount of muscle mass
and high valuable cuts yield (Williams, 2002). Therefore, according to the existing
associations between BCS, REA and FT with BW or BCS change, due to the narrow
range of final BW among supplemented treatments, our results are consistent with
those expectations, showing little scope to alter muscle development and fat deposition
by increasing CP levels in the supplement beyond 12% CP.

Wool growth of grazing sheep depends largely on its genetic potential and on its
ability to satisfy its energy and amino acids requirements from pasture (Rogers and
Schlink, 2010). Wool growth and body weight gain are determined by the availability
of both energy and protein, if the availability of the latter is limiting, an increment in
CP will stimulate both, wool growth and BWG (Kempton et al., 1979). Reduced wool
growth rate was associated with the lowest-quality diet (CON), while maximal growth
was observed with 20% CP supplement (Table 4). Wool growth trends were essentially
similar to those of body weight, which were similar to the results found by Hutchinson
and Porter (1958) when contrasting different diets. In the current experiment, CON
lambs presented the thinnest fibre, which agrees with Frey et al. (2007), who
established a positive correlation between wool growth and fibre diameter. In our

study, wool production was limited in the non-supplemented lambs on native pastures
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containing 6% CP and 2.1 MCal/kg DM of ME and was substantially improved by
supplementing the animals with a ration containing at least 12% CP.

Herbage mass, botanical composition, structure and chemical components of the
pasture and the use of supplement can affect the grazing behaviour and forage intake
of animals. In the present study, even if the herbage mass was more than 2000 kg
DM/ha, that would not negatively affect grazing time or the rate of eating (CSIRO,
2007), the proportion of dead forage and chemical composition of the forage might
have limited CON animals in achieving their potential intake. Total intake can be
calculated as the product of bite rate, bite size and composition, and time spent grazing,
and a grazing time over 8 or 9 hours per day probably indicates limiting pasture
conditions (White and Hodgson, 1999). Control lambs spent approximately 8 h grazing
during daylight hours, which was below the upper limit that would satisfy their intake.
Supplemented lambs grazed 2.5 hours less and presented similar bite rate as non-
supplemented lambs. Although we can neither estimate bite size nor its composition,
shorter grazing periods in supplemented groups would indicate decreased forage
intake (substitution), which is in agreement with Hess et al. (1994) who reported that
pasture grazing time for cattle decreases between 1 and 2 h/day in protein
supplementation schemes compared with non-supplemented animals. Among
supplemented lambs, the 12CP group spent more time grazing than the 16CP and 20CP
groups, even though their BWG was similar between them. This could indicate that
the total DM intake for 12 CP lambs was greater resulting in a lower substitution rate
of forage for supplement. The assumed substitution not only would have allowed
animals to decrease their energy requirements (less time grazing) and to enhance their
herbage selectivity, but also would have given them the opportunity to create an
improved diet in terms of metabolizable energy, protein content, in favour of improved
animal performance.

Nutritional disorders can change blood parameters (Keser y Bilal, 2008). (-
hydroxybutyrate concentrations above 0.8 mmol/l could indicate nutritional stress in
pregnant ewes (Russel,1984). In the present experiment, all treatments were below this
limit. On the other hand, lambs fed with diets with different CP content (17.6 and 8.1%

CP) had similar ranges of plasma glucose concentrations (from 3.2 to 3.8 mmol/ | and
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3.0 to 3.7mmol/l, respectively) (Katunguka-rwakishaya, 1997). This observation is in
agreement with our results, in both magnitude and effect of protein level. Total protein
is an important component determining blood viscosity and acid-base balance (Keser
and Bilal, 2008). Total protein levels were slightly below the limit established for this
category (55 — 75 g/l, MVM, 1991), without differences among treatments. Similar
results were found by Keser and Bilal (2008), who indicated that the use of different
CP levels (10, 12, 14, 16 and 18%) in the diet of weaned lambs did not affect total
protein in blood, probably because compensatory mechanisms between albumin and
globulin levels may occur (Roil et al., 1974). Consequently, the fact that similar results
were found in our experiment could be explained by these mechanisms. Albumin
concentration of control lambs was below the limit established for grazing sheep (26
g/l) which would indicate sub optimal feeding levels (Cutress et al., 1972). According
to our results, it is possible that control lambs did not have the adequate conditions to
express their productive potential and the use of the supplement lifted this condition

for the other lambs.

2.6 CONCLUSIONS

Using iso-energetic supplementation with different protein contents (12, 16 and
20%) improved nutritional status, as well as body weight and wool production of lambs
grazing on native pastures. Among supplemented groups, the highest level of crude
protein was not able to improve BWG and REA in respect to 12 and 16 CP supplement
levels. However, body weight and wool production were improved with increasing CP
diet levels. In order to improve our understanding of the impact of energy and protein
supplementation on the performance of summer weaned lambs on native pasture, total
grazing behaviour, forage intake and selectivity need to be evaluated in lambs of

different age and body weight.
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3.  CARCASS AND MEAT QUALITY ATTRIBUTES OF GRAZING
LAMBS ARE AFFECTED BY SUPPLEMENTATION DURING EARLY
REARING POST-WEANING

3.1 ABSTRACT

The effect iso-energetic supplements (2.9 Mcal/kg DM) with different crude
protein (CP) levels (12, 16 and 20% CP) during the early post-weaning phase were
evaluated on lamb carcass and meat quality traits. For three years (January-April;
2013, 2015 and 2016), eighty crossbreed lambs (Merino Dohne x Corriedale, with an
initial average body weight -BW- of 24.5 £ 4.4 kg with 4 months of age) were
randomly allotted each year to the following treatments: CON: native pastures (NP)
without S (supplement); 12CP: NP + S with 12% CP; 16CP: NP + S with 16% CP;
20CP: NP + S with 20% CP. Thereafter (April-July), all animals were managed
together on an annual forage winter crop (ryegrass or oat) without supplementation
use until an average slaughter weight of 43 kg was reached. Weight of carcass high-
value cuts and Warner-Bratzler shear force (WBSF) were similar among treatments
(P>0.05), whereas differences in fatty acid ratios tended to favour those animals fed
exclusively on pastures. Carcass and meat fatness levels tended to be greater in
supplemented treatments. Supplementation with different crude protein (CP) levels for
approximately 3 months during an early post-weaning rearing period in lambs grazing
native pastures, resulted in a greater productivity without significant detrimental
effects on the proportion of beneficial fatty acids for human health, meat color and
WBSF after a fattening period.

Keywords: nutrition, weaned lambs, meat quality
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3.2 INTRODUCTION

Diet is one of the most important factors affecting human health (Jiménez-
Colmenero et al., 2001), being red meat of utmost importance given that represents a
significant source of protein, minerals and vitamins, all necessary to achieve an
optimal human health status (Celada et al., 2015; Higgs, 2000). Demographic growth,
urbanisation and changes in the purchasing power of worldwide population have
increased meat and other animal products’ demand (Givens et al., 2006). In response
to this demand, most red meat producing and exporting countries are concerned about
favouring its beneficial effects for human health (Celada et al., 2015) and those
associated with the consumer’s decision when buying meat (tenderness, colour,
flavour) (Jacques et al., 2016).

Feeding systems and diet can affect carcass and meat quality of lambs (Jacques
et al., 2016; Owens and Gardner, 1999; Priolo et al., 2002). In comparison with grain-
fed lambs, finishing lambs on pasture may lead to decreased growth rate and carcass
weight. In contrast, fattening lambs on concentrate presented more efficient growth
and heavier carcasses (Murphy et al., 1994). On the other hand, at the same slaughter
body weight (BW) and similar body-weight gain (BWG), drylot reared lambs
presented similar hot carcass weight (HCW) and greater subcutaneous tissue thickness
(GR point) than animals on native pastures (Majdoub-Mathlouthi et al., 2015).
Regarding to meat colour and tenderness, lighter lambs presented greater yellowness
(b*) and lower lightness (L*) (Teixeira et al., 2005), whereas the highest meat
tenderness was registered in drylot and concentrate-fed lambs compared to lambs
grazing on native pastures (Perlo et al., 2008). As for meat fatty acid composition, n-
3 polyunsaturated fatty acid (PUFA) concentration was greater in grazing lambs
compared to lambs fed with concentrate (Jacques et al., 2016) without differences in
n-6 PUFA concentration between them. This greater concentration of n-3 PUFA and
similar level of n-6 PUFA, led to a decrease on n-6/n-3 PUFA ratio, which is beneficial
for human health (Simopoulos, 2002).

The nutritional history may affect carcass and meat quality. Sami et al. (2013)

evaluated the carcass quality of lambs fed with either an ad libitum diet or with a 40%
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reduction of this diet for 35 days, after which animals that underwent the restriction
were fed ad libitum for the next final 49 days while the originally ad libitum animals
continued with the same diet. Restricted animals presented similar cold carcass weight
but lower fat deposition. Similar results were found in lambs fed with 80 or 90% of an
ad libitum diet for a six-week period followed by two weeks of ad libitum feeding
compared to animals fed ad libitum during an eight-week experimental trail (Abouheif
et al., 2015). Moreover, lambs (30 kg BW) fed with 60% of an ad libitum diet for five
weeks followed by seven weeks of ad libitum feeding (re-alimentation phase) had
lower HCW, lower GR depth and similar intramuscular fat (IMF) compared with ad
libitum fed lambs (Abouheif et al., 2013). The magnitude of the effects of the
restriction depends on the age of the lambs, the severity and duration of restriction and
both the quality and duration of re-alimentation phase (Al-Selbood, 2009).
Post-weaned lambs on low quality native pastures, will not reach BWG greater
than 60 g/a/d (Piaggio, 2014). This performance could be doubled when energetic
supplements (2.9 Mcal/kg dry matter, DM) with at least 12% CP are used (Ramos et
al., 2018), and this could alter both age and BW to slaughter. Nevertheless,
little is known about the effect on carcass and meat quality of using these supplements
during the early post-weaning phase of lambs when thereafter all animals are finished
under similar fattening strategy on grazing conditions. Our working hypothesis was
that energy supplementation with increasing CP levels during the early post-weaning
phase with similar fattening conditions thereafter, will affect carcass and meat quality
traits. The aim of this study was to compare the impact of using iso-energetic
supplements with different protein levels on carcass components and relevant meat

quality traits.

3.3 MATERIALS AND METHODS

3.3.1 Location, period, animals and treatments

The experiment was carried out at Glencoe Experimental Unit of the Instituto

Nacional de Investigacion Agropecuaria (INIA) in Uruguay (-32°2°277, -
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57°9°7”) from mid-January to late July for three years (2013, 2015 and 2016). All
procedures were approved by the Universidad de la Republica’s Animal Ethics
Committee (CHEA N° 2015.46).

Each year, eighty crossbreed Merino Dohne x Corriedale (between 88 and 97%
Merino Dohne) and Corriedale castrated male lambs (24.5 + 4.4 kg BW; 4 months of
age) were randomly allotted to one of four treatments (n = 20 per treatment) and two
replicates per treatment (n = 10) according to Merino Dohne blood proportion in the
crossbreeds. In all treatments, lambs continuously grazed native pastures at a stocking
rate of 10 lambs/ha during the early post-weaning phase (January-April). In three of
the four treatments, the animals were supplemented at the same rate (2% BW as-dry
fed basis) with an iso-energetic supplement (S, 2.9 Mcal ME/kg DM) which only
varied in its CP content. Treatments were as follows: Control (CON, no supplement),
12% CP (12CP), 16% CP (16CP) and 20% CP (20CP) and were applied only during
summer-early autumn period. At the beginning of the experimental period, all animals
were gradually accustomed to the supplement until the target intake level was reached
(approximately 10 days). Animals were supplemented twice a day (7:30 a.m. and 5:30
p.m.), offering half of the total daily amount of feed each time, and had free access to
mineral blocks (calcium, phosphorus, sodium, iron, zinc, copper, magnesium, cobalt,
selenium and iodine.), clean water and artificial shade (0.9 m?/animal). For the
supplemented treatments, feed intake was adjusted every seven days according to the
average unfasted BW of each replicate. For all treatments, average herbage mass and
forage height were 2330 + 346 kg DM/ha and 12.3 £+ 0.5 cm, respectively. Whereas,
average CP and energy content in forage offer were 6.5% and 2.1 Mcal/kg DM,
respectively. The effect of these treatments on body weight, body-weight gain, body
condition score, rib eye area, fat thickness, wool growth and quality, grazing behaviour
and blood parameters were evaluated by Ramos et al. (2018).

After the early rearing phase and for three months (mid-April to late-July), all
animals were managed together on an annual forage winter crop (ryegrass or oat) with
no use of supplement. The grazing management system was alternate with two
paddocks and an instantaneous stocking rate that ranged from 8 to 11 lambs/ha.

Animals were removed from each paddock when forage height was less than or equal
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to 12 cm. Lambs grazed under these conditions until an average slaughter weight of
43 kg was reached.

3.3.2 Carcass quality measurements

Lambs were slaughtered at a commercial abattoir. Immediately after the lambs
were slaughtered, each HCW was recorded. Carcasses were chilled at 4°C for 24 h and
afterwards total depth of subcutaneous tissue was determined at 11 cm from the carcass
midline over 12" rib (GR, Kirton, 1989). Additionally, the length of the carcass (LC)
was measured according to Palsson (1939). Measurements of pH were taken 24 h post
mortem at the Longissimus dorsi (LD) muscle using a pH-meter (Hanna H1 9125, Cluj-
Napoca, Rumania). Forty-eight hours post mortem, the following cuts were weighed:
leg, shoulder and frenched rack (FR). Subsequently, LD muscle samples were removed
from the lumbar area, individually vacuum-packaged and transported to INIA
Tacuaremb6 Meat Technology Laboratory where they were aged (between 0 to 2°C)

for 5 or 10 days. Carcass compactness index was calculated as follows: HCW/LC.

3.3.3 Meat quality measurements

After ageing period (5 or 10 days), the vacuum bags containing the samples were
opened and exposed to the atmosphere for 45 min. After that, meat colour (L*,
lightness; a*, redness/greenness and b*, yellowness/blueness) was instrumentally
determined using a Konica Minolta colorimeter (Chroma meter CR-400, Osaka,
Japan). Longissimus dorsi samples were introduced inside polyethylene bags and
cooked in water bath until an internal temperature of 70°C was achieved. Six pieces
of 1.27 cm diameter were removed from each steak parallel to the muscle fibre
orientation and Warner-Bratzler shear force (WBSF, kgf) was measured
perpendicularly to the muscle fibres using a Warner-Bratzler (D-2000, GR Electric
Manufacturing Co., Manhattan, KS, USA) instrument. The portion of the raw steak
not used for the WBSF measurements was kept frozen at —20°C for subsequent

analysis.
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Lipids extraction was carried out following the chloroform-methanol procedure
according to Bligh and Dyer (1959). The fatty acids were methylated with cold
methanolic potash (IUPAC, 1987). Fatty acids were analysed using a gas
chromatograph (Konik HRGC 4000B, Barcelona, Spain) and separated using a 100-m
SP 2560 capillary column (0.25 mm i.d. and 0.20 pm film thickness, Supelco,
Bellefonte, USA). Nitrogen was the carrier gas at a 1 ml/min flow rate. The injecting
volume was 1 pl and a detector flame ionization (FID) was used. For identification of
maximum concentrations, a Supelco TM 37 Component FAME Mix pattern was used.
Fatty acids were identified individually by comparison of retention times against
standards (Sigma, St. Louis, MO; Supelco, Bellefonte, PA, USA). Fatty acids were

expressed as percentages of the sum of all measured fatty acids.

3.3.4 Statistical analysis

All data was analysed using a general linear model of the statistical package
Infostat, 2012 (Grupo InfoStat Professional, FCA, Universidad Nacional de Cordoba,
Argentina). The model included ‘treatment’, ‘year’ and their interaction as fixed
effects. For HCW, pre-slaughter BW was used as a covariate within the model,
whereas the covariate used for analysing GR, leg, shoulder and frenched rack weight
was HCW. Means were compared using Fisher’s test, which were considered

significantly different when P<0.05.

3.4 RESULTS

Pre-slaughter body weight was affected by treatment. Supplemented lambs were
16% heavier than CON lambs (P<0.01), without any differences among supplemented
treatments (Table 1). Hot carcass weight was lighter in CON lambs compared to 12
and 20CP groups (P<0.01) and no differences were evidenced between supplemented
lambs. Control and 12CP groups presented 22 and 13% lower GR, respectively,
compared to 16CP lambs (P<0.01). Carcass compactness index was 14% lower in

CON lambs compared to supplemented animals (P<0.01). No differences were found
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between dietary treatments for leg, shoulder and frenched rack weights. No interaction
was found between treatment and year for pre-slaughter BW, HCW, GR, pH, carcass

compactness index, and shoulder, leg and frenched rack weights.

Table 1. Mean (£ SEM) values for pre-slaughter body weight (kg), hot carcass weight
(kg), tissue depth at GR (mm) site, pH, carcass compactness index and shoulder, leg
and frenched rack weight (kg) for each treatment

Treatments

Parameter CON 12CP 16CP__20CP  °cM
Pre-slaughter body weight (kg) 38.8° 44.1% 449° 458  0.66
Hot carcass weight (kg) 19.6°  20.00 19.9®® 20.1° 0.14
GR (mm) 7.3¢ 7.9 89  84® 034
pH (24 h) 5.9 5.9 5.8°  5.8®  0.03
Carcass compactness index 0.26° 0.29% 0.30° 0.30*° 0.05
Shoulder (kg) 189 182 180 1.85 0.3
Leg (kg) 216 216 212 212  0.02
Frenched rack (kg) 0.44 0.43 0.44 0.44 0.04

CON, 12CP, 16CP and 20CP correspond to Control, 12% CP, 16% CP and 20% CP.
Different letters within a row (*°°) are significantly different (P<0.05).

Warner-Bratzler shear force, L*, a* and b* parameters at day 5 of ageing were
not affected by treatments. Interaction between treatment and year for L*
measurements at day 5, were significant (P<0.05). In 2013, 20CP presented the lowest
L* compared to the rest of the treatments, while in 2015 and 2016 no differences
between groups were found. Warner-Bratzler shear force, a* and b* parameters at day
10 of ageing were not affected by treatments. Lightness was greater in CON lambs
compared to 20CP group, while the rest of the treatments presented similar values
(P<0.05) (Table 2). There was no interaction between treatment and year for shear

force, L*, a* and b* values at day 10.
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Table 2. Mean (£ SEM) Warner-Bratzler shear force (WBSF, kgf), lightness (L*),
redness (a*), yellowness (b*) values at day 5 (Day 5) and day 10 (Day 10) of the

Longisimus dorsi muscle of lambs for each treatment

Treatments

Parameter CON 12cP  16CP  20cP  °EM
Day 5
WBSF (kgf) 3.50 3.55 3.37 3.77 0.14
Lightness (L*) 36.0 35.4 35.9 35.2 0.26
Redness (a*) 18.7 19.0 19.3 19.2 0.23
Yellowness (b*) 6.15 6.38 6.55 6.26 0.15
Day 10
WBSF (kgf) 2.77 2.81 2.73 3.03 0.08
Lightness (L*) 38.42 37.8%  38.0%® 37.0° 0.28
Redness (a*) 18.9 19.0 19.4 19.5 0.23
Yellowness (b*) 7.39 7.31 7.76 7.40 0.17

CON, 12CP, 16CP and 20CP correspond to Control, 12% CP, 16% CP and 20% CP.
Different letters within a row (2°) are significantly different (P<0.05).

Intramuscular fat content was affected by treatment, whereas there was no

interaction between treatment and year. Control lambs presented approximately 4%

less IMF than 16CP group (P<0.05), while no differences were found among

supplemented lambs (Table 3). Eicosapentaenoic (EPA), docosapentaenoic (DPA) and

docosahexanoic acid (DHA) content was greater in CON lambs compared to

supplemented groups, being similar among supplemented groups (Table 3). Both,

n6/n3 ratio and PUFA/SFA ratio were affected by treatment. Control lambs presented

approximately between 30 and 50% lower n6/n3 ratio than supplemented groups

(P<0.05), while 12 and 16CP groups presented no differences.
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Table 3. Mean (£ SEM) intramuscular fat content (%) and fatty acid composition (%)

of the Longisimus dorsi muscle of lambs for each treatment

Treatments

Parameter CON 12CP 16CP _20cp  °°M
Intramuscular fat (%) 4.1° 4.7% 4.9 4.6% 0.16
14:0 myristic 2.00° 1.89% 1.89%®  1.81° 0.05
16:0 palmitic 23.9°  247%  247%  245®  0.21
18:0 stearic 18.8 18.3 18.4 19.0 0.30
20:0 arachidic 0.10 0.08 0.08 0.09 0.01
14:1 myristoleic 0.28 0.29 0.25 0.27 0.02
16:1 palmitoleic 2.11 2.01 2.05 2.00 0.04
18:1 oleic 45.5 46.1 46.0 45.6 0.28
18:2 n-6 linoleic 3.05 3.10 3.03 3.31 0.10
18:3 n-6 linolenic 0.06 0.05 0.06 0.06 0.03
18:3 n-3 linolenic 0.97*  0.80° 0.76°  0.74° 0.03
CLA 0.95% 0.81° 0.88® 00912 0.02
20:2 n-6 eicosadienoic 0.07 0.06 0.07 0.05 0.01
20:3n-3 ETE 0.26° 0.23® 020° 0.19° 0.01
20:3 n-6 DGLA 0.07 0.06 0.06 0.06 0.01
20:4 n-6 arachidonic 0.70 0.73 0.72 0.80 0.04
20:5 n-3EPA 0.59¢ 040> 037° 035 0.02
22:5 n-3DPA 0.51*  0.39®° 040° 0.36° 0.02
22:6 n-3DHA 0.11*  0.08° 0.07°  0.06° 0.01
né/n3 ratio 1.8° 2.3° 2.4P 2.7% 0.07
PUFA/SFA ratio 0.17¢  0.15®  0.15° 0.15® 0.04

CON, 12CP, 16CP and 20CP correspond to Control, 12% CP, 16% CP and 20% CP.
Different letters within a row (*°) are significantly different (P<0.05). CLA:
conjugated linoleic acid; ETE: eicosatrienoic acid; DGLA: dihomo-gamma-linolenic
acid; EPA: eicosapentaenoic acid; DPA: docosapentaenoic acid; DHA:
docosahexanoic acid; PUFA/SFA: polyunsaturated fatty acids/saturated fatty acids

ratio.

3.5 DISCUSSION

This experiment evaluated the consequences of energy supplementation with
increasing CP levels in lambs grazing native pastures during the early rearing period
after weaning, with subsequent similar fattening conditions, on hot carcass weight, fat
thickness, pH, weight of carcass cuts, shear force, meat colour and fatty acid

composition parameters. The hypothesis that altering nutrition during the early rearing
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phase after weaning would affect carcass and meat quality after fattening was
confirmed. Regarding to carcass components, using supplements during the early
rearing phase enhanced both fat thickness and compactness index, without any effect
on the weight of carcass cuts. Supplements with 12 and 20CP allowed an increase in
hot carcass weight regardless of the slaughter weight. Using supplements during the
early rearing phase modified the fatty acid profile of IMF leading to a lower
concentration of n-3 PUFA which resulted in a greater n6/n3 ratio, without relevant
differences in pH, Warner-Bratzler shear force and meat colour parameters.

Light to moderate feed restrictions may modify body and carcass composition
(Aberle et al., 2012). In the present study, considering slaughter weight as a covariate,
the use of 12 and 20CP supplements during the early rearing phase allowed an increase
of 2.3% (450 g) in HCW of 12 and 20CP groups compared to control lambs. According
to Gerrard and Grant, (2006), this finding could be explained by changes in carcass
composition (bone, meat and fat) when animals undergo a feed restriction period. In
addition, after feed restrictions, increasing energy levels in the diets during the
finishing phase could lead to greater fat deposition (Ebrahimi et al., 2007). In the
present experiment, the use of supplements during the early rearing phase resulted in
an increase of approximately 15% in fat thicknesses at slaughter, regardless of carcass
weight, which can explain the different carcass yield achieved between supplemented
(12 and 20CP) and control lambs (data not shown). This result is supported by other
authors that found a greater fat deposition in ad libitum fed lambs compared to those
fed with a restricted diet followed by a re-alimentation period (Sami et al., 2013;
Abouheif et al., 2013; 2015). Using supplements during the early rearing phase in
lambs grazing native pastures modified carcass yield and fat thickness, regardless of
slaughter weight.

High-value meat cuts weight may be enhanced with increasing slaughter and
carcass weight (Majdoub-Mathlouthi et al., 2013; Parilo et al., 2007). In the present
study, the carcass compactness index among the supplemented lambs presented the
same pattern as observed in slaughter and carcass weight traits. These results are
supported by previous research, which report that carcass composition is only slightly

affected by the feeding system when lambs are fed with similar energy intake (Murphy
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et al., 1994). Additionally, lambs reared in different feeding system (grazing or indoor
conditions) but keeping both similar growth rate and same slaughter weight, did not
present differences in carcass compactness index (Cafieque et al., 2003). In our study,
control lambs presented the lowest carcass compactness index which could be
explained by their lower BWG during a phase of potential rapid growth like the post-
weaning period. This agrees with previous studies where lambs grazing native pastures
presented both lower BWG (90 vs. 148 g) and lower compactness index (0.13 vs. 0.16)
compared to supplemented lambs (Freitas et al., 2008). Lambs fed exclusively on
native pastures during the early post-weaning phase may not achieve their potential
growth, compromising muscle accretion and therefore negatively affecting carcass
compactness. Nevertheless, the weight of carcass cuts presented a little scope for
modification through nutrition during the first 3 months post-weaning.

Meat colour may be affected by body weight, intramuscular fat and final meat
pH (Khliji et al, 2010; Priolo et al., 2001). In our study, supplemented animals were
18% heavier than control lambs, but this was not enough to modify meat redness (a*)
index. This is in accord with previous studies that evaluated the effect of slaughter
weight on meat colour in lambs, finding that differences of approximately 30% in
slaughter BW did not affect the redness (a*) index (Teixeira et al., 2005). Nonetheless,
unlike our study, lighter lambs presented greater meat yellowness (b*) and lower
lightness (L*) indexes (Teixeira et al., 2005). On the other hand, fat is lighter than
muscle and therefore a greater IMF could lead to an increased lightness (L*) value
(Priolo et al., 2001). In our experiment, the use of supplements with 16% CP achieved
an increase of approximately 20% IMF compared to unsupplemented lambs. However,
this was not associated with modifications of meat colour. Meat lightness (L*) index
of lambs raised on pastures, or even with concentrates, may be influenced by final pH,
where higher values lead to darker colours (Ledward et al., 1986). In this work, 12CP
and control lambs had higher final pH than the 16CP group, but we did not find any
association with meat colour, which could be explained by the fact that pH variations
were almost negligible (5.8 — 5.9). Modifications of nutrition during early rearing,
through the addition of energetic supplements with different CP levels did not affect

meat colour after at least three months of fattening on improved pastures.
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Tenderness is one of the most important organoleptic traits determining meat
quality (Jurie et al., 2007) and is more related to breed or age than to production
systems (Safiudo et al., 2000). The slaughter age effect on meat tenderness was not
evaluated in this study since all animals were slaughtered at the same time (average
weight 43 kg). However, meat tenderness can be associated with an increase in carcass
fatness either directly through its intramuscular fat or indirectly reducing muscle
shorting during carcass cooling (Priolo et al., 2002). In the present study, although in
some cases there were differences in the subcutaneous and intramuscular fat, these did
not affect WBSF values. This agrees with previous studies in which no differences
were found in meat tenderness between lambs at eight months of age grazing low
quality pastures that were fed with different levels of crude protein (13, 15, 17 and
19%), when slaughtered at the same date but with different final BW (Gomez Vazquez
et al.,, 2011). Accordingly, post-weaned lambs fed on pasture and ad libitum
concentrate (17% CP and 2.9 Mcal/kg DM) compared with pasture only (65%
digestibility and 2.3 Mcal/kg DM) presented similar meat tenderness when they were
slaughtered at the same final BW (Jacques et al., 2016). In these studies, as in ours, all
treatments presented shear force values within the range that is acceptable for
consumers (5 kgf or less) (Miller et al., 2001). Using supplements with different CP
levels during the early rearing phase in lambs grazing native pastures followed by a
fattening period using improved pastures did not affect meat tenderness.

Human health can be affected by the fat content of the diet, specifically high
saturated fatty acids (SFA) and low PUFA diets increase the risk of coronary heart
disease (Keys, 1970). As opposed to non-ruminants, ruminants hydrogenate dietary
unsaturated fatty acids in the rumen which leads to a higher SFA content and a lower
PUFA/SFA ratio in their intramuscular fat (French et al., 2000). According to UK’s
Department of Health (1994), the recommended ratio of PUFA/SFA should be higher
than 0.45. In the current study, all treatments presented lower PUFA/SFA ratios than
the recommended threshold value with no differences among them, except for control
treatment versus 16CP lambs, being more favourable for animals fed exclusively on
pastures. On the other hand, ruminant fats are considered a rich natural source of

conjugated linoleic acid (CLA) (French et al., 2000), and this compound has been
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associated with positive anticancer, antidiabetic and antiadipogenic effects in humans
(Raes et al., 2004). In our study, control animals presented a greater CLA
concentration compared to 12CP animals, but no differences were found among CON,
16 and 20CP lambs. The use of supplements for approximately 3 months during the
early rearing phase in lambs grazing native pasture, did not lead to relevant changes in
either the amount of beneficial fatty acids for human health or in their ratios at the time
of slaughter.

The feeding management has influence on the fatty acid composition of the
intramuscular fat (Aurousseau et al., 2004; Jacques et al., 2016; Montossi et al., 2013).
Feeding forage increases the n-3 PUFA content in the meat of ruminants because grass
is a natural source of C18:3 n-3 fatty acid (Lourenco et al., 2008). In our study, lambs
fed exclusively on pastures during rearing and fattening had greater n-3 PUFA
proportion and similar n-6 PUFA concentration compared with lambs on pasture plus
supplements post-weaning. This result agrees with other studies where grass fed lambs
presented high n-3 PUFA concentration (Fisher et al., 2000; Majdoub-Mathlouthi et
al., 2015). The n-3 fatty acids especially eicosapentaenoic acid (EPA, 20:5 n-3) and
docosahexaenoic acid (DHA, 22:6 n-3), are important in the prevention of
cardiovascular diseases and the promotion of human health (Jung et al., 2008).
Additionally, the n-6 and n-3 fatty acids balance is very important for the homeostasis
and the optimal n-6/n-3 ratio varies from 1/1 to 4/1 (Simopoulos, 2002). In this study,
although all treatments were within this recommend range, the n-6/n-3 ratio was more
favourable (1.8/1) for lambs fed exclusively on native pastures, while among the
supplemented groups 20CP animals presented the greatest value (2.7/1). The fatty acid
profile of IMF in grazing lambs is affected by the supplementation even when it is

applied during an early rearing phase (at least 3 months before the slaughter).

3.6 CONCLUSION

Using energetic supplementation with different protein contents (12, 16 and
20%) in grazing lambs during early rearing followed by a common fattening period on

annual winter crops modified the carcass traits and meat fatty acid composition,
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without any effects on meat colour and WBSF. The carcass of lambs fed exclusively
on pastures had lower fat levels and the meat presented a greater n-3 PUFA
concentration. However, the magnitude of these changes found is of little productive,
commercial and human health relevance, indicating an important scope for increasing
productivity by strategic supplementing during the early post weaning period without
losing the advantages of producing healthy and tender lamb meat in grazing production

systems.
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4. DISCUSION GENERAL

Se confirmé la hipotesis de que el uso de suplementos energéticos con niveles
crecientes de proteina (12, 16 y 20%) en corderos recriados sobre pasturas nativas,
mejora de forma diferencial su crecimiento y produccion de lana, y luego de una etapa
de engorde sobre pasturas cultivadas, el valor nutritivo de la carne no se ve afectado
desfavorablemente. Con respecto a las evaluaciones realizadas en la fase de recria
(enero — abril), el uso de suplementos logré aumentar peso vivo, ganancia diaria de
peso, condicion corporal y produccion de lana de los corderos, registrandose los
maximos niveles en los animales alimentados con suplementos de 16 y 20% de PC.
Luego de la etapa de engorde sobre pasturas cultivadas (abril — julio), aquellos
corderos que habian sido suplementados durante la etapa de recria post destete
generaron canales mas pesadas con un mayor espesor de grasa subcutanea y un mayor
indice de compacidad, sin cambios en el peso de los cortes valiosos, al considerar igual
peso de faena. Con respecto a la calidad de carne, el uso de suplementos durante la
recria resulté en una menor concentracion de acidos grasos polinsaturados (AGPI) n-
3, lo cual gener6 una mayor relacion n6/n3, sin efectos relevantes en pH, fuerza de
corte y color de la carne.

El peso vivo al destete y la posterior velocidad de crecimiento influyen en la tasa
de mortalidad de los corderos, siendo ésta mayor cuando los corderos se destetan con
menos de 20 kg (Campbell et al., 2009; Thompson et al., 2011). EI menor peso vivo
al momento del destete reduce la capacidad de los animales de enfrentar situaciones
de estrés nutricional debido a una menor reserva energética (Allden, 1970; Doyle y
Egan, 1983). En el presente trabajo, el promedio de peso de los corderos al destete fue
de aproximadamente 24 kg, lo cual podria haber contribuido positivamente en su
desempefio y tasa de supervivencia. Por otra parte, menores tasas de crecimiento en el
periodo post destete también han sido asociadas a una mayor tasa de mortalidad de
corderos (Campbell et al., 2009). Por ejemplo, corderos con ganancias de peso
menores a 33 g/a/dia durante los primeros 5 meses post destete tuvieron un mayor
riesgo de mortandad comparado con aquellos que experimentaron mayores tasas de

crecimiento durante el mismo periodo (Campbell et al., 2009). En esta tesis, el uso de
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suplementos energético-proteicos durante los primeros 3 meses post destete en
corderos sobre pasturas nativas permitié incrementar 2,8 veces la tasa de ganancia de
peso y 0,7 unidades la condicion corporal con respecto a los animales alimentados
exclusivamente con pasturas nativas. Se considera que esta estrategia podria ser de
gran impacto en los sistemas de produccion, principalmente con los corderos de menor
peso al momento del destete.

La tasa de crecimiento en corderos sobre pasturas de baja calidad (nativas o
sembradas) sin suplemento son inferiores a 70 g/a/d (Gémez Vazquez et al., 2011,
Piaggio, 2013). En concordancia con estos resultados, en este estudio, los corderos
alimentados exclusivamente en base a pasturas nativas experimentaron una tasa de
ganancia de peso inferior a 50 g/a/d y la incorporacion de suplementos energético-
proteicos logré incrementar la misma a valores cercanos a 130 g/a/d. Esta tasa de
crecimiento en corderos suplementados (130 g/a/d) es inferior a lo reportado cuando
se utilizaron dietas con un contenido energético de 2,5 Mcal/kg MS y entre 10 y 18%
de proteina cruda en animales estabulados (Haddad et al., 2001, Capitulo I, Cuadro 4).
Previamente (Capitulo II), se mencion6 al sistema de produccién (pastoreo vs.
estabulado) como uno de los factores que podria explicar la menor respuesta
productiva de los corderos en pastoreo. En forma adicional, la caracteristica del
alimento ofrecido puede estar condicionado la ganancia de peso de los animales
(Montossi et al., 2000). Las pasturas nativas estan constituidas fundamentalmente por
gramineas, las cuales se caracterizan por ser mas largas y de menor gravedad especifica
que las leguminosas, y por ende su tasa de pasaje en el tracto digestivo es mas lenta
(Barahona y Sanchez, 2005). A diferencia de esta tesis, en trabajos internacionales
(Capitulo I, Cuadro 4), el aporte de fibra (entre 12 y 35% de la dieta) fue a partir de
fardos de leguminosas (alfalfa) o gramineas sembradas (avena, trigo) lo cual no solo
podria implicar diferencias en el valor nutritivo del alimento (digestibilidad, energia,
degradabilidad de la proteina) sino también en el tiempo de retencion de éste a nivel
ruminal. De acuerdo con los resultados reportados (Capitulo 11), el uso de suplementos
energeéticos (2,9 Mcal/kg MS) con al menos 12% de PC permite lograr ganancias
cercanas a 130 g/a/d.
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Dentro de los grupos suplementados, en las variables peso vivo final y ganancia
de peso se observd una interaccion tratamiento-afio, donde las significancias entre
tratamientos fueron diferentes en 2015 respecto al 2013 y 2016 (Anexos). Esta
diferencia en la respuesta podria explicarse por factores relacionados con la dieta
ofrecida y/o los animales utilizados. Con respecto a la dieta, el tipo de suplemento y la
disponibilidad y calidad del forraje ofrecido en cada tratamiento fueron similares entre
afios. En cuanto a los animales utilizados, en el afio 2015 los corderos eran de mayor
edad (5 vs 4 meses) que en 2013 y 2016. Adicionalmente, en 2015 la ganancia de peso
de los corderos durante la lactancia y previo al inicio del experimento fue menor que
la obtenida en 2013 y 2016 (100 g/a/d vs 186 y 175 g/a/d, respectivamente) (Anexos).
Cambios en la tasa de crecimiento de los corderos (4 meses de edad) pueden afectar el
tamafo de los érganos digestivos (estdbmago, intestino e higado) modificando los
requerimientos energéticos de mantenimiento y por lo tanto la respuesta productiva de
los animales (Burrin et al., 1990). Considerando este aspecto, es posible que en 2015
la respuesta de los corderos estuviera condicionada por su historia nutricional previa,
lo cual podria explicar - al menos en parte - la interaccion tratamiento afio para las
variables peso vivo y ganancia de peso.

El crecimiento de la lana estd determinado por el nimero de foliculos
productores de fibra y la tasa de crecimiento de cada fibra. Ambos factores pueden ser
modificados por la disponibilidad de nutrientes (Black y Reis, 1979). En el presente
trabajo y de acuerdo con la estimacion de consumo realizada (Capitulo 11, Cuadro 2),
un aumento en el consumo de proteina cruda de 90 a 180 g/dia con un nivel de energia
en la dieta de 3,2 a 3,6 Mcal/dia permitio incrementar hasta un 52% la produccion de
lana. En previos estudios, ovejas consumiendo 1,2 Mcal/dia de EM, una variacién en
el consumo de proteina de 20 a 80 g/dia permitié aumentar el crecimiento de lana de
2,3 a9 g/a/d (Black et al., 1973). Por otra parte, en ovejas consumiendo 100 g de
PC/dia, un cambio de energia de 0,7 a 2,4 Mcal/dia permitié incrementar un 52% el
crecimiento de lana (7,3 a 11,1 g/a/d), logrando la mayor produccion cuando la
relacion proteina/energia fue de 42 g/Mcal (Black et al., 1973). En el presente estudio,
el mayor crecimiento de lana se alcanzo cuando el consumo de proteina y energia

estimado fue de 180 g y 3,6 Mcal, respectivamente, resultando en una relacién
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proteina/energia de 50 g/Mcal. El didmetro de la fibra es el factor mas importante en
la determinacion del precio de la lana vellon (Nolan, 2014). En este estudio, el
diametro de la lana de los corderos que no recibieron suplemento fue en promedio 2
micras inferior a aquellos suplementados. Sin embargo, y en acuerdo con previos
reportes (Pérez et al., 2017) esta reduccion en el diametro de la fibra posiblemente esté
asociada a una nutricion inadecuada, lo cual podria afectar negativamente la resistencia
a la traccion de esas lanas. A partir de los resultados del presente trabajo, el uso de
suplementos energéticos con al menos 12% de PC en corderos pastoreando en pasturas
nativas permitié incrementar un 35% el crecimiento de la lana, logrando los mayores
niveles de crecimiento cuando se utilizaron suplementos con 20% de PC. El mayor
crecimiento de lana durante el periodo estival en los animales suplementados se tradujo
en un incremento de aproximadamente 25% en la produccion de lana al primer velldn
(Anexos).

En corderos alimentados con pasturas nativas, las bajas ganancias de peso estivo-
otofiales implican que al inicio del invierno y/o primavera los animales pesen en
promedio entre 22 y 26 kg (Capitulo I, Cuadro 5). Esto significa que durante los
primeros 5 meses post destete, una proporcion de los animales se encuentra con pesos
y tasas de crecimiento que pueden afectar desfavorablemente su supervivencia
(Campbell et al., 2009). Ademas, durante este periodo (enero — mayo) los sistemas de
produccién deben destinar recursos alimenticios y humanos, asi como productos
farmacoldgicos (vacunas y antiparasitarios) a una categoria de muy bajo desempefio
productivo (carne y lana). El presente estudio indica que el uso de suplementos
energético-proteicos en corderos post destete permitié mejorar la tasa de crecimiento,
alcanzando el peso de faena (43 kg promedio) a los 8 — 9 meses de vida. Esta reduccién
de la edad de faena permitiria liberar &reas de pastoreo para otra categoria o especie
por un periodo de aproximadamente 4 meses (julio-octubre), asi como también mejorar
la respuesta inmune frente a potenciales afecciones de nematodos gastrointestinales y
reducir la tasa de mortalidad post destete (Strain y Stear, 2001; Thomson et al., 2011).
Por otra parte, para aquellos sistemas ovinos con enfasis en produccion de lanas finas

y superfinas, el presente estudio brinda una alternativa de alimentacion que permite
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incrementar la produccion de la lana de mayor valor (primer vellén) y la calidad de la
ésta, por ejemplo, a través de una mejora en la resistencia y el largo de la mecha.

La relevancia de la calidad de la canal y de la carne es diferente de acuerdo con
el eslabon de la cadena céarnica que se considere (Bianchi, 2007). En términos
generales, la calidad de la canal tiene una mayor relevancia para los ganaderos, los
industriales y los comerciantes, mientras que la calidad de la carne tiene mayor
impacto en los consumidores e industriales (Safiudo, 1992). Con respecto a la canal,
cambios en la curva de crecimiento provocados por alteraciones en el plano nutricional
pueden resultar en modificaciones en la composicion corporal (hueso, musculo, grasa)
(Gerrard y Grant, 2006). En este estudio, aun considerando al peso de faena como
covariable, se registraron diferencias en la conformacién (indice de compacidad) y el
contenido de grasa subcutanea a favor de los animales suplementados. EI menor indice
de compacidad de la canal en los corderos recriados sobre pasturas nativas sin
suplementacion podria estar explicado por las menores tasas de crecimiento durante el
periodo post destete, lo cual también fue reportado por otros autores (Freitas et al.,
2008). Por lo tanto, el uso de suplementos energético-proteicos permitié mejorar
caracteristicas de la canal que resultan relevantes para el sector primario y la industria.

La terneza y el color de la carne son caracteristicas importantes para los
consumidores (Alberti et al., 2005; Brito et al., 2002). En el presente trabajo, el tipo
de alimentacion no afectd la fuerza de corte de la carne lo cual coincide con otros
autores que indican que, en corderos menores a 12 meses, diferencias de 27 a 46% y
de 3 a 15% en la tasa de crecimiento y peso vivo a la faena, respectivamente, no
generaron cambios en esta caracteristica (Capitulo I, Cuadro 6). Tanto el peso vivo a
la faena como el contenido de grasa intramuscular podrian afectar el color de la carne
(Priolo et al., 2001). En este experimento, a pesar de registrarse diferencias en ambas
caracteristicas no se observaron cambios relevantes en el color de la carne. La
incorporacion de suplementos energético-proteicos al 2% del peso vivo durante un
periodo de aproximadamente 3 meses en corderos post destete, mantiene los atributos
de fuerza de corte y color de la carne de los animales alimentados exclusivamente en

base a pasturas.
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En cuanto al valor nutritivo de la carne, los acidos grasos considerados mas
beneficiosos para la salud humana son los AGPI, especialmente los de la serie omega-
3 (Williams, 2000). El perfil de acidos grasos de la grasa intramuscular puede ser
modificado por el sistema de produccion sobre el cual se crian los animales (Jacques
et al., 2016; Majdoub-Mathlouthi et al., 2015). Los rumiantes alimentados en base a
forrajes producen una carne con un mayor contenido de AGPI n-3 debido a que las
pasturas son una fuente natural de C18:3 n-3 (Lourenco et al., 2008). Por su parte, la
carne de los corderos terminados en condiciones de confinamiento y alimentados con
concentrados posee una menor relacion AGPI/AGS y una mayor relacion n6/n3,
comparados con aquellos terminados en pastoreo (Wood et al., 2008). La relacion de
acidos grasos n6/n3 de la carne proveniente de corderos en pastoreo alimentados
exclusivamente con forraje, fue aproximadamente 4 veces menor (2,75 vs. 10,75) que
la obtenida en animales en condiciones de confinamiento alimentados con una dieta
alta en concentrados (84%) (Silveira, 2009). En el presente trabajo, si bien se
presentaron diferencias en el perfil de &cidos grasos a favor de los animales no
suplementados, en todos los corderos las relaciones de &cidos grasos n-6/n-3
estuvieron por debajo del limite superior recomendado para la salud humana
(Simopoulos, 2002).

En condiciones de pastoreo extensivo, la respuesta productiva de los corderos es
multifactorial resultando muy complejo aislar los efectos de cada uno de los factores
que estan interviniendo. A pesar de que la informacion recabada en este trabajo puede
ser de gran utilidad tanto desde el punto de vista productivo como académico, se
entiende que con el objetivo de mejorar la interpretacion de los resultados de la
suplementacion energético-proteica en animales en pastoreo y enriquecer la discusion,
hubiera sido importante contar con informacién detallada sobre la representacion
porcentual de los ingredientes utilizados en la formulacion de los tres tipos de
suplementos utilizados (12, 16 y 20% PC). Con esta informacion y conociendo la
degradabilidad ruminal de la proteina de cada ingrediente, es posible estimar tanto la
cantidad de proteina degradable en rumen como la sobrepasante y asi analizar el
desempefio de los animales a partir de la proteina metabolizable disponible a nivel

intestinal. Este aspecto es relevante ya que, la eficiencia de la produccion de proteina
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metabolizable depende, por lo menos en parte, del tipo de proteina suministrada en la
dieta. Adicionalmente, la concentracién de algunos aminoacidos azufrados difiere
segun el tipo de proteina, lo cual podria afectar la produccion de lana de los animales.

Dentro de las variables a incluir en los protocolos experimentales se sugieren:
estimar y discriminar el consumo de forraje y suplemento, lo cual permitiria conocer
el grado de sustitucion de forraje por suplemento y por ende evaluar la contribucion y
el impacto de este Gltimo. También seria importante conocer el contenido proteico y
energético del alimento consumido, la funcion ruminal (tasa de pasaje, produccién de
proteina microbiana, concentracion de &cidos grasos volatiles y pH en rumen) y las
salidas de nutrientes (ej.: N en heces, orina, lana, peso vivo) lo cual permitiria
comprender el mecanismo por el cual los suplementos de diferentes niveles de proteina
pueden afectar la respuesta animal. Ademas, realizar un monitoreo continuo (24 h) de
las actividades de pastoreo permitiria estimar el gasto energético de cosecha y como
este impacta en los requerimientos. Contar con esta informacidén contribuiria a
identificar los principales factores que limitan la produccién de los corderos en
pastoreo y concentrar esfuerzos sobre aquellos que tengan un mayor impacto a
mediano y largo plazo.

En cuanto a la segunda fase del estudio, en el presente disefio experimental todos
los animales se faenaron en la misma fecha, la cual fue establecida en funcién del peso
promedio de todo el lote. Sin embargo, los animales suplementados durante la recria,
al momento de la faena pesaban en promedio 18% mas que aquellos no suplementados.
Este aspecto es relevante ya que, en animales en crecimiento, el consumo de energia
es destinado fundamentalmente a la produccién de musculo hasta un punto donde éste
se maximiza y parte de la energia es depositada en forma de grasa. Esta contiene mas
energia que la proteina, por lo cual los requerimientos energéticos por cada unidad de
aumento de peso se incrementan con el aumento de la deposicion de grasa (Gerrard y
Grant, 2006). Mantener animales que ya poseen la cobertura de grasa requerida para
la faena, resulta en un alto costo energético y por ende en una practica ineficiente para
los sistemas de produccion. Por lo tanto, y a nivel experimental, seria interesante
sacrificar parte de los animales y evaluar la calidad de la canal de los corderos una vez

que logren el peso de faena, determinando asi la edad al sacrificio para las diferentes
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dietas. Esta informacién brindaria mas elementos para evaluar la viabilidad y el
impacto de las alternativas de alimentacion tanto a nivel individual como en el sistema

de produccion.
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5.  CONCLUSIONES GLOBALES

El uso de suplementos energéticos con diferentes niveles de proteina cruda (12,
16 y 20%) mejord la produccion de carne y lana de los corderos recriados sobre
pasturas nativas. Dentro de los grupos suplementados, la racion de 20% de PC permitid
mejorar el peso vivo de los corderos respecto a aquellos suplementados con racion de
12% de PC. Sin embargo, no se registraron diferencias en la tasa de crecimiento entre
los tres tipos de suplementos. La produccion de lana aumentd en la media que se
incrementd el contenido proteico de la dieta, logrando la mayor produccion cuando se
utiliz6 el suplemento con 20% de PC.

La suplementacion de corderos sobre pasturas nativas durante los primeros 3
meses post destete, sequido de una fase de engorde sobre cultivos anuales invernales,
permitiria reducir por lo menos 3 meses la edad de faena. Los corderos que fueron
alimentados exclusivamente con pasturas (nativas en recria y sembradas en
terminacion) presentaron canales con menor contenido graso y generaron una carne
con una mayor concentracion de AGPI n-3 en la grasa intramuscular. Sin embargo, la
magnitud de estos cambios resulta de escasa relevancia productiva e industrial,
indicando que el uso de suplementos, por lo menos durante los primeros 3 meses post
destete, permite mejorar la productividad de los animales, mantiene la produccion de

carnes tiernas sin afectar desfavorablemente su valor nutritivo.
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7. ANEXOS

7.1 INFORMACION COMPLEMENTARIA

Cuadro 1. Significancia estadistica intra anual para peso vivo y ganancia de peso vivo

e interanual para disponibilidad de forraje en los tres afios (2013, 2015 y 2016)

i0 [ X af , o
Interaccion tratamiento x ano Disponibilidad de

ANo Tratamiento i .
Peso vivo G dananma forraje
e peso
CON b b ab
12PC a a ab
2013 16PC a a b
20PC a a ab
CON b b ab
12PC ab ab ab
2015 16PC ab a ab
20PC a a b
CON b b ab
12PC a a a
2016 16PC a a ab
20PC a a ab

CON, 12PC, 16PC y 20PC corresponden a los grupos Control, 12% PC, 16% PC y
20% PC, respectivamente. Letras diferentes (*®) indican diferencias significativas
(P<0.05).

Cuadro 2. Ganancia de peso previa (nacimiento — inicio del experimento, g/a/d), edad

(dias) y peso vivo inicial (kg) para cada afio (2013, 2015 y 2016)

Afio Ganancia de peso previa Edad (dias) Peso vivo inicial

(g/a/d) (kg)
2013 186 118 27
2015 100 152 21
2016 175 104 23
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Cuadro 3. Produccion de lana vellon (kg) para cada tratamiento al final del periodo de
engorde (promedio de los tres afos)

Tratamientos

Variable
CON 12PC 16PC 20PC

Peso de vellon (kg) 2,03¢ 2,38° 2,45% 2,602

CON, 12PC, 16PC y 20PC corresponden a los grupos Control, 12% PC, 16% PC y
20% PC, respectivamente. Letras diferentes (*°) indican diferencias significativas
(P<0.05).
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7.2 BODY AND WOOL GROWTH OF LAMBS ON NATIVE PASTURES
ARE IMPROVED USING ENERGETIC SUPPLEMENTATION WITH
DIFFERENT PROTEIN LEVELS

Ramos Z.1%*, De Barbieri 1.1, Van Lier E.?® and Montossi F.!
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2 Department of Animal Production and Pastures, Faculty of Agronomy, University of
the Republic of Uruguay, Montevideo, Uruguay.

3 Experimental Unit, Faculty of Agronomy, University of the Republic of Uruguay,
Salto, Uruguay.

*zramos@inia.org.uy

In extensive sheep production systems -based primarily on native pastures (NP)-,
summer forage production is mainly explained by rainfall and it presents a high
variability among years. Additionally, in summer just after weaning, dry matter
digestibility, metabolizable energy and crude protein (CP) content of NP are
insufficient to meet the requirements of lambs so as to achieve their potential body and
wool growth. The strategic use of supplements is key to improving productivity. In a
completely randomized experimental design with two replications, the impact of iso-
energetic supplements with different protein levels on body and wool growth was
studied in eighty crossbreed (Merino Dohne x Corriedale) castrated male lambs (24.5
* 4.4 kg of body weight, BW, 4 months of age) in summer (103 days) for three years.
Animals were randomly allotted to four treatments (n=20). All lambs grazed NP and
in three treatments animals were daily supplemented (2% BW) with an iso-energetic
supplement of different CP levels: control (CON, no supplement), 12% CP (12CP),
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16% CP (16CP) and 20% CP (20CP). Supplemented lambs presented higher final BW
(36.0, 36.4 and 37.7 kg for 12, 16 and 20CP, respectively) than CON lambs (28.9 kg)
(P<0.05). Among supplemented lambs, the 12CP group had the lowest BW (P<0.05),
without differences between 16CP and 20CP. Supplemented lambs presented greater
average daily gain, body condition score, rib eye area and fat thickness than CON
lambs (P<0.05). Wool growth was 40% higher in supplemented lambs compared to
CON lambs (P<0.05), while 20CP animals presented the greatest growth. 1so-energetic
supplementation with different CP (12, 16 and 20%) content improved body and wool
growth of lambs grazing NP compared to non-supplemented lambs in summer after
weaning. Body and wool growth were greatest when 20% CP supplement was used.

Keywords: sheep, grazing, body weight, body condition score
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Table 1. Mean fasted body weight (kg). average body-weight gain (g/d).

In extensive sheep production systems -based primarily on native pastures body condition score (units). rib eye area (cm?), fat thickness (mm), wool

(NP)-. summer fo_rag'e_ production is mainly explained by rainfall and it growth (ug/cm? per day) and fibre diameter (i) of lambs on diets with

presents a high variability among years. different levels of protein (mean = SEM)

Additionally. in summer just after weaning, dry matter digestibility. =

metabolizable energy and crude protein (CP) content of NP are insufficient to Parameter = SEM

meet the requirements of lambs so as to achieve their potential body and CON 12CP 16CP  20CP

wool growth. The ic use of suppl is key to improving Fasted body weight (kg) 289° 36.0° 364® 377 055

productivity. Body-weight gain (2/d) 4 g 123@ 1312 100
Body condition score (units) 28 31b 322 33 0.02

The aim of this study was to compare the impact of using iso-energetic Rib eye area (cm?) 60° 73 2 76 0.40

supplements with different protem levels on body and wool growth on lambs Fat thickness (mm) 1% 200 200 1.0% 0.10

grazing native pastures. Wool growth (ug/cm? per day) 907¢ 1223% 1234 13753 33.0
Wool fibre di (D) 182° 201 207* 209 0.60

CON, 12CP, 16CP and 20CP correspond to Control. 12% CP. 16% CP and 20% CP.
Different letters within a row (**) indicate statistical significance (P<0.05).

Location: “Glencoe™ Experimental Unit of the Instituto Nacional de it

Ehiacon A iain U pp d lambs p d 27% greater (P<0.05) BW than control
vestigacion Agropecuaria in Uruguay. lambs, whereas among supplemented lambs BW was greatest with 16 and
20% CP levels.

Period: during summer (from mid-January to mid-April) for three years
(2013. 2015 and 2016). 7 . . .
Average daily gain was 2.8 times higher in supplemented lambs than in
Animals and tr eighty breed (Merino Dohne x Corriedale) control lambs, wh among suppl d groups no differences were
castrated male lambs (24.5 = 4.4 kg of body weight, BW, 4 months of age) found.
were randomly allotted to four treatments (n=20). All lambs grazed NP and in
three treatments animals were daily supplemented (2% BW) with an iso-
energetic supplement of different CP levels: control (CON, no supplement),
12% CP (12CP). 16% CP (16CP) and 20% CP (20CP).

Wool gmwth was 40% h.lgher in
d lambs compared to CON

Animal measurements: body weight, body-weight gain body condition lambs (P<0.05). while 20CP animals
score, rib eye area, fat thickness, wool growth and fibre diameter . presented the greatest growth. Fibre

diameter was 13% lower (P<0.05) for
Statistical analvsns gene:allmearm:xed model (Infostat, 2012). Differences the CON lambs compared to

were ifi when P<0.05. supplemented groups. which did not
present differences among them.

Iso-energetic supplementation with different CP (12, 16 and 20%) content
mywedbodyandwoolgowﬂxoflmbsgnzmgNPcompuedmm
d lambs in after

'PF S
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7.3 [EFECTO DE LA SUPLEMENTACION DE CORDEROS DURANTE LA
RECRIA SOBRE LA CALIDAD DE CANAL Y CARNE
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RESUMEN

Se evaluo el efecto del uso de suplementos iso-energéticos (2,9 Mcal/kg MS)
con diferentes niveles de proteina cruda (PC; 12, 16 y 20%), durante la recria estival,
sobre la calidad de la canal y carne de corderos. Durante tres veranos (enero-abril;
2013, 2015 y 2016), ochenta corderos cruza (Merino Dohne x Corriedale, con un peso
vivo -PV- inicial de 24,5 + 4,4 kg) fueron asignados aleatoriamente cada afio a los
siguientes tratamientos: CON: pasturas nativas (PN) sin S (suplemento); 12PC: PN +
S de 12%PC; 16PC: PN + S de 16% PC; 20PC: PN + S de 20% PC. Luego (abril-
julio), los animales se manejaron en un solo lote sobre cultivos anuales invernales hasta
llegar a un PV de faena promedio de 45 kg. El peso de los cortes valiosos y la fuerza
de corte de la carne fueron similares (P>0,05) entre los tratamientos, mientras que en
algun caso se presentaron diferencias en las relaciones de 4cidos grasos (AG) a favor

de los animales alimentados exclusivamente en pasturas. Los niveles de engrasamiento
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de las canales y la carne tendieron a ser mayores en animales suplementados. La
suplementacion energético-proteica durante la recria estival con una terminacion sobre

cultivos anuales invernales, afecto levemente la calidad de la canal y carne de corderos.

SUMMARY

The effect iso-energetic supplements (2.9 Mcal/kg DM) with different crude
protein (CP) levels (12, 16 and 20% CP) during summer rearing were evaluated on
lamb carcass and meat quality. During three summers (January-April, 2013, 2015 and
2016), eighty crossbreed lambs (Merino Dohne x Corriedale, with an initial body
weight -BW- of 24.5 + 4.4 kg) randomly allotted each year to the following treatments:
CON: native pastures (NP) without S (supplement); 12CP: NP + S with 12% CP;
16CP: NP + S with 16% CP; 20CP: NP + S with 20% CP. Thereafter (April-July), the
animals were managed together on annual winter crops until an average slaughter
weight of 45 kg was reached. The weight of valuable cuts and the meat shear force
were similar (P>0.05) among treatments, whereas differences in fatty acid ratios
tended to favour those animals fed exclusively on pastures. Carcass and meat fatness
levels tended to be greater in supplemented treatments. The energy and protein
supplementation during summer rearing followed by a common fattening period on

annual winter crops, slightly affected lamb carcass and meat quality traits.

INTRODUCCION

En Uruguay, la mayor parte de la produccion ovina se desarrolla sobre pasturas
nativas (PN), concentrandose mas del 50% en la regién basaltica, principalmente sobre
los suelos de menor aptitud pastoril (DIEA, 2017). En esta region y durante el verano,
la digestibilidad de la pastura varia entre 48 y 55% (Montossi et al., 2000) vy el
contenido proteico varia entre 6-8% (Berretta et al., 1990), lo cual limita el potencial
de crecimiento de los corderos, con ganancias de peso que no superan los 60 g/a/d
(Piaggio, 2014). Frente a estas restricciones nutricionales, la inclusion de suplementos

(S) energético-proteicos durante el verano podria ser una alternativa para acelerar la
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velocidad de crecimiento y asi adelantar la edad de faena, liberando areas de pastoreo.
Sin embargo, la composicion de la dieta de corderos puede afectar las caracteristicas
de la canal y carne (Sami et al., 2013). Adicionalmente, la composicion de acidos
grasos (AG) en animales alimentados en base a pasturas es diferente comparado con
aquellos alimentados en base a pasturas y S (Cafieque et al., 2007; Jacques et al.,
2016). El objetivo de este estudio fue evaluar el efecto del uso de S iso-energéticos
con diferentes niveles de proteina (PC) durante la recria sobre la calidad de canal y
carne de corderos luego de un periodo de engorde con un mismo sistema de

alimentacion.

MATERIALES Y METODOS

El experimento se llevd a cabo en la Unidad Experimental Glencoe de INIA
Tacuarembo y fue repetido en tres afios (2013, 2015 y 2016). En la etapa de recria
estival (enero-abril) se evaluaron 3 tipos de S iso-energéticos (2,9 Mcal/kg MS) con
diferentes niveles de PC. La asignacion del S fue 2% del PV. Cada afio, 80 corderos
cruza (Merino Dohne x Corriedale), de 4 meses de edad y con un PV inicial de 24,5 +
4,4 kg fueron asignados aleatoriamente a uno de los siguientes tratamientos: CON: PN
sin S; 12PC: PN + S de 12% PC; 16PC: PN + S de 16% PC; 20PC: PN + S de 20%
PC, con dos repeticiones por afio (n=10). El pastoreo fue continuo (10 corderos/ha).
Luego de la recria, continu6 la fase de terminacion (abril-julio) en la cual todos los
animales se manejaron en un Unico lote, pastoreando (en forma rotativa, a una carga
instantanea de 8 a 11 animales/ha) sobre cultivos anuales invernales (Avena y/o
Raigras) hasta a un PV de faena promedio de 45 kg. Los corderos fueron faenados y
las variables registradas fueron: peso de la canal caliente (PCC) y los pesos de la paleta
(P), pierna (Pi) y frenched rack (FR); asimismo, se calcul6 el indice de compacidad
(IC) de la canal (PCCl/largo de la canal). Ademas, se midi6 el espesor de tejidos
subcutaneos en el punto GR (Montossi et al., 2004) y se tomd una muestra del masculo
Longissimus dorsi para la determinacion de la fuerza de corte (Brito et al., 2002),
contenido de grasa intramuscular (GIM) (Bligh y Dyer, 1959) y composicion de AG.

Las variables fueron analizadas mediante GLM (Infostat, 2012, FCA, Universidad
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Nacional de Cordoba, Argentina). El afio y tratamiento fueron tratados como efectos
fijos. Para el PCC se considero al PV previo a la faena como covariable, mientras que
para GR, P, Pi y FR; la covariable fue el PCC.

RESULTADOS Y DISCUSION

El IC fue 14% menor en los animales CON respecto a los suplementados, sin
diferencias entre estos ultimos. El peso de los cortes y la fuerza de corte no fueron
afectados por la dieta. Esto coincide con otros estudios donde el uso de S con diferentes
niveles de PC utilizados en corderos sobre pasturas, donde no se afect6 la fuerza de
corte de la carne (Gomez Vazquez et al., 2011). En términos generales, los valores de

GR y GIM fueron mayores en animales con S (Cuadros 1y 2).

Cuadro 1. Peso de la canal caliente (kg), punto GR (mm), indice de compacidad de la
canal, peso de la paleta, pierna y frenched rack (kg) para cada tratamiento (media y

error estandar)

Tratamientos

Variables EE
CON 12PC 16PC 20PC
Peso de canal caliente (kg) 19,6° 20,020 19,9®° 20,1* 0,14
Punto GR (mm) 73¢ 79 89* 84% 034
indice de compacidad de la canal 0,26° 0,298 0,30° 0,30° 0,05
Peso de la paleta (kg) 1,9 1,8 1,8 1,9 0,03
Peso de la pierna (kg) 2,2 2,2 2,1 2,1 0,02
Peso del frenched rack (kg) 0,4 0,4 0,4 0,4 0,04

Letras diferentes dentro de cada fila (3°°) indican diferencias significativas (P<0,05).
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Cuadro 2. Fuerza de corte (kgF), grasa intramuscular (%), relacion n6/n3 y AGPI/AGS
para cada tratamiento (media y error estandar)

Tratamientos

Variables CON 12PC  16PC  20PC  EE
Fuerza de corte (kgF) 2,8 2,8 2,7 3,0 0,08
Grasa intramuscular (%) 4,1° 4,7% 4,92 4,6% 0,16
Relacion n6/n3 1,8° 2,3 2,4P 2,72 0,07
Relacién AGPI/AGS 0,174 0,15® 0,15> 0,15® 0,04

Letras diferentes dentro de cada fila (*°°) indican diferencias significativas (P<0,05).
AGPI/AGS: relacion acidos grasos polinsaturados (AGPI)/ saturados (AGS). Acidos
grasos n6 y n3: AGP que difieren en la ubicacion del primer doble enlace: atomo de

carbono 6 o 3).

La relacion n6/n3 fue més favorable en los animales alimentados exclusivamente
con pasturas y en algun caso la relacion AGP/AGS present6 un menor valor en dietas
que incluyeron S. Los cambios en GIM y la composicion de AG por la inclusién de S
indican que los efectos de la dieta pueden manifestarse incluso tiempo después que los

tratamientos nutricionales diferenciales son suspendidos.

CONCLUSION

El uso de suplementos energéticos-proteicos durante la recria estival y el
posterior manejo conjunto sobre cultivos anuales genera leves diferencias en la calidad
de la canal y la carne de corderos. La magnitud de estos cambios posee escasa

relevancia productiva e industrial.
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n INTRODUCCION

En Uruguay, la mayor parte de la produccién ovina se desarrolla sobre pasturas nativas (PN),
principalmente sobre los suelos de menor aptitud pastoril, lo cual, entre otros, limita el potencial
de crecimiento de los corderos. El uso de suplementos (S) energético-proteicos durante el
verano contribuye a incrementar la tasa de crecimiento. Sin embargo, el cambio en compo-
sicion de la dieta podria afectar las caracteristicas de la canal y carne de los corderos.

a OBJETIVO

Evaluar el efecto del uso de S iso-energéticos con diferentes niveles de proteina (PC) durante la
recria sobre la calidad de canal y carne de corderos luego de un periodo de engorde con un
mismo sistema de alimentacion.

e TERIALES Y METODO

Localizacién y periodo: Unidad Experimental “Glencoe” de INIA Tacuarembd, de enero a julio
durante tres anos.

Animales: 80 corderos cruza (Merino Dohne x Corriedale), 4 meses de edad.

Disefio experimental:

FASE I: enero - abril

FASE I: 4 tratamientos, 3 tipos de S (2,9 Mcal/kg MS).
CON: pasturas nativas (PN) sin S (suplemento)

12 PC: PN + S de 12% PC

16 PC: PN + S de 16% PC

20 PC: PN + S de 20% PC

FASE II: terminacion en un dnico lote sin S.
Avena y/o Raigrés.
Pastoreo rotativo, 8 a 11 animales/ha

Determinaciones: peso de canal caliente y sus cortes;
punto GR; indice de compacidad de la canal; fuerza

de corte; relaciones de acidos grasos polinsaturados (AGP) y acidos grasos saturados (AGS) y
omega6 (n6)/omega3(n3)

Anélisis estadistico: Modelo Lineal General, nivel de significancia P< 0,05
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Q CONCLUSIONES

El uso de suplementos energéticos-proteicos durante la recria estival y el posterior manejo
conjunto sobre cultivos anuales genera leves diferencias en la calidad de la canal y la carne
de corderos. Se destaca la produccion de carne tierna y saludable para consumo humano.

a RESULTADOS

Cuadro 1. Peso de la canal caliente (kg), punto GR (mm), indice de compacidad de la canal,
peso de la paleta, piemna y frenched rack (kg) para cada tratamiento (media y error estandar).

~
Variables CON 12PC  16PC  20PC &
Peso de canal caliente (kg) 19.6° 20,0* 19.9% 20,12 0,14
Punto GR (mm}) 7.3 7.9% 8.9 84® 034
indice de compacidad de lacanal  0,26° 0,29° 0,30* 0,30° 0,05
Peso de la paleta (kg) 19 1,8 18 1,9 0,03
Peso de la piemna (kg) 22 22 21 21 0,02
Peso del frenched rack (ks 04 0,4 0.4 0.4 0,04
U (kg) J
Figura 1. Relacién n6/n3 y AGP/AGS para cada tratamiento.
30 )
25 2,05
20 2,4°
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La fuerza de corte fue similar en todos los tratamientos (2,7 a 3,0 kgF)
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