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RESUMEN

Los sistemas de base pastoril presentan un perfil de acidos grasos (PAG) mas saludable
para los consumidores y mejor bienestar que los sistemas confinados (SC). En sistemas
mixtos (SM: pastura+suplementacion) las vacas estdn mas expuestas a las condiciones
ambientales que en SC, y por tanto estos ultimos han sido utilizados para atenuar los
efectos negativos de la exposicion ambiental. Las vacas en SM estan gran parte del tiempo
en los lugares donde reciben la suplementacion (encierros), por tanto las condiciones de
estos encierros adquieren gran importancia. El primer objetivo fue determinar el efecto
del cambio brusco desde un SM a SC (GCHD) en comparacion con vacas en SC (GTMR)
sobre el comportamiento, bioquimica sanguinea, produccion de leche (PL) y composicion
(Articulo I). Las vacas del GCHD tuvieron menor PL, lactosa y proteina (kg/d) antes del
cambio de dieta que las del GTMR (p<0,01), pero estas diferencias desaparecieron
después del cambio. La frecuencia de rumia y echado disminuyé en GCHD después del
cambio (p<0,03) e incluso tuvieron menor frecuencia de estos comportamientos que las
del GTMR (p<0,02). La concentracion de BHB (p<0,0001) y AST (p=0,03) disminuy6
en GCHD luego del cambio mientras que en GTMR estas variables aumentaron. El
segundo objetivo fue determinar el PAG de la leche del GCHD y de vacas que cambian
desde un SM a un solo pastoreo nocturno en verano (GTMR+P), ambos en comparacion
con GTMR (Articulo II). A diferencia de GTMR+P, GCHD mejoré la PL después del
cambio, pero el PAG de la leche empeor6. En M3, el porcentaje de acido linoleico
conjugado (CLA) en GTMR y GCHD fue menor que en GTMR+P (p<0,05) y C18:3 y n-
3 fue menor en GCHD que GTMR+P. El ultimo objetivo fue comparar el contenido de
grasa 'y PAG de leche y quesos en SM con diferentes condiciones de encierro [baja (CB-
GRZ) y alta (OD-GRZ) exposicion ambiental] en comparacion con SC con baja
exposicion al ambiente (CB-TMR) (Articulo III). Los AG saturados en leche y n-6/n-3
en leche, leche de pool (MilkP) y queso fueron mayores en CB-TMR (p<0,0001) que en
SM, mientras que los AG insaturados y monoinsaturados (MUFA) en leche fueron
menores en CB-TMR que en SM (p<0,001). El porcentaje de n-3, C18:3 y CLA en leche
fue menor en CB-TMR que en SM (p<0,001). Entre SM, n-3 y C18:3 en leche fueron
mayores en CB-GRZ que en OD-GRZ (p<0,01). En conclusion, el cambio abrupto desde
un SM a un SC mejor6 la PL y variables en sangre, pero afectd negativamente el PAG en
leche y el comportamiento, dado que las vacas tuvieron problemas de adaptacion al corto
plazo. Mantener un SM con pastoreo nocturno en encierros a cielo abierto en verano seria
una buena alternativa de manejo, permitiendo que los animales puedan pastorear y
mejorar la calidad de la grasa lactea. En comparacion con SC, los SM presentaron mejor
PAG en leche y quesos. Dentro de los SM, aquellos con mejores condiciones durante el
encierro presentaron mejor PAG.



ABSTRACT

Pasture-based systems present a healthier fatty acid profile (FAP) for consumers and
allows better cow welfare than confined systems (SC). Mixed systems (MS: pasture +
supplementation) are more exposed to environmental conditions than SC, and therefore
the latter are used to mitigate environmental exposure negative effects. Mixed systems
cows spend a large part of the time in places where they receive supplementation
(confinement); therefore, facility conditions acquire great importance. The first objective
was to determine the effect of an abrupt change from MS to SC (GCHD) compared to
cows in SC (GTMR) on behavior, blood biochemistry, milk production (PL) and
composition (Article I). Before the diet change, GCHD cows had lower PL, lactose and
protein (kg/d) than GTMR cows (p<0.01), but these differences disappeared after the
change. After the diet change, GCHD cows decreased rumination and lying frequency
(p<0.03) and had a lower frequency of these behaviors than GTMR cows (p<0.02). Also,
after the change, GCHD cows decreased BHB (p<0.0001) and AST (p=0.03)
concentration, while GTMR cows had an increase. The second objective was to compare
milk FAP in GCHD with GTMR and with cows that changed from MS to overnight
grazing in summer (GTMR+P) (Article IT). Unlike GTMR+P, GCHD improved PL after
the change, but FAP was impaired. In M3, conjugated linoleic acid (CLA) percentages in
GTMR and GCHD were lower than GTMR+P (p<0.05) and C18:3 and n-3 were lower in
GCHD than GTMR+P. The last objective was to compare fat content and FAP of milk
and cheeses from MS with different facility conditions during confinement [low (CB-
GRZ) and high (OD-GRZ) environmental exposure] compared to SC with low
environmental exposure (CB -TMR) (Article III). Saturated fatty acid (FA) in milk and
n-6/n-3 in milk, pooled milk (MilkP) and cheese were higher in CB-TMR (p<0.0001)
than in MS, while unsaturated and monounsaturated FA in milk were lower in CB-TMR
than in MS (p<0.001). Milk percentage of n-3, C18:3 and CLA were lower in CB-TMR
than in MS (p<0.001). In MS, n-3 and C18:3 in milk were higher in CB-GRZ than in OD-
GRZ (p<0.01). In conclusion, the abrupt change from MS to SC improved PL and blood
variables, but impaired milk FAP and cow behavior (indicating adaptation problems in
the short term). Furthermore, MS with overnight grazing in summer allows cows to access
grazing and therefore improves milk fat quality. Thus, these systems would be a good
management alternative in dairy cow systems. Mixed systems showed better FAP in milk
and cheese compared to SC. In MS with different facilities conditions during
confinement, those with better conditions (CB-GRZ) showed better FAP.



INTRODUCCION

Situacion lechera y sistemas de produccion a nivel nacional

La produccion nacional se realiza en 3100 establecimientos lecheros que ocupan un total
de 735 mil hectéareas. De estos establecimientos un 80,3% remiten a planta y los restantes
elaboran productos en el propio establecimiento (DIEA, 2022). En el 2021 la produccién
lechera alcanz6 los 2274 millones de litros, de los cuales 2118 millones son remitidos a
la industria (93% de la leche producida). Desde el afio 1992 hasta la fecha la produccion
de leche tuvo un aumento del 84,8% (365-2401 L/dia/remitente) con una disminucion del
60% de los establecimientos remitentes, pérdida de 3581 remitentes (de 5998 a 2417)
(DIEA, 2022). Este aumento de la produccion es explicado por un incremento productivo
a nivel individual (litros por vaca) y en menor medida por un incremento en la carga
animal (Farina & Chilibroste, 2019). Segtn Farifia & Chilibroste (2019), datos recabados
a partir del relevamiento de 2013 a 2017 (Fuente: produccion competitiva CONAPROLE)
“la media productiva fue de 8831 L/ha de plataforma de pastoreo” (area total del predio
potencialmente pastoreable por la vaca lechera). Para acompafiar este aumento de
produccion, la dieta de los animales presenta un mayor aporte de concentrados y reservas
forrajeras (fardos y ensilados) en comparacion con décadas anteriores. Igualmente, en
nuestros sistemas productivos, el pastoreo sigue siendo clave para mantener un bajo costo
de produccién y asi poder ser competitivos a nivel internacional (Farifia & Chilibroste,
2019). En este sentido, los sistemas lecheros predominantes en Uruguay, se caracterizan
por ser de base pastoril con suplementacion (sistemas mixtos: SM), los que presentan en
general la siguiente estructura en su dieta: 55% pastura, 19% suplemento y 25%
concentrados, con una carga animal promedio de 1,15 vacas en ordefie por hectarea
(Farifia & Chilibroste, 2019). Esta estrategia productiva implica que cuando las vacas no
estan pastoreando, se encuentran en areas destinadas para el suministro del suplemento.
En sistemas pastoriles intensivos (alta carga animal) el tiempo que las vacas se encuentran
pastoreando podria afectarse con mas facilidad frente a los cambios climaticos y
ambientales. Por ejemplo, en un experimento realizado en el Centro Regional Sur (CRS;
Facultad de Agronomia, Uruguay) reportaron que en sistemas con alta carga animal (2
vacas por ha) los tiempos de pastoreo fueron menores (las vacas pasaron menos tiempo
en la pastura y mas en los encierros con suplementacion) en comparacion con los sistemas
de carga media (1,5 vacas por ha) (Custodio, 2018; Ortega et al., 2019). Lo cual, a su
vez, fue relacionado a temporadas lluviosas o sequia. En relacion a esto, las areas
destinadas a la suplementacion, en su mayoria son praderas viejas, campo natural o monte
en donde las vacas estdin muy expuestas a las condiciones climaticas externas (barro,
estrés calorico, etc) (INALE, 2019). Ademas, a pesar que el 63% de los establecimientos
tienen acceso a agua y el 75% tiene acceso a sombra natural, en general las vacas estan
muy expuestas a sufrir estrés por calor, principalmente en el verano y mas en los
establecimientos localizados al norte del pais. Es importante destacar que la sombra en la
mayoria de los casos esta localizada en caminos y no en potreros o areas de descanso
(INALE, 2019).



En los establecimientos lecheros de Uruguay, el 65% de los partos se dan en los meses
de marzo a setiembre, con concentraciones en otofio (marzo-abril) y en menor medida en
primavera (agosto-setiembre) (Chilibroste & Battegazzore, 2019). Esta concentracion de
partos en momentos puntuales del afio se justifica en la necesidad de optimizar recursos
del establecimiento, sobre todo en SM de alta carga animal (Farifia & Chilibroste, 2019).
En este sentido, los partos en primavera se realizan para hacer coincidir la época de mayor
disponibilidad de pasturas con la lactancia temprana, donde se dan los mayores
requerimientos en la vaca lechera (Van Knegsel et al., 2007). Una de las desventajas de
esta estrategia es el estrés caldrico que sufren las vacas durante la lactancia temprana y
media (verano), afectando negativamente el bienestar y por lo tanto la produccion y
componentes de la leche. En los meses célidos, debido a la combinacion de temperatura
y humedad alta, se ve sobrepasada la capacidad para disipar calor por parte de los
animales. Esto genera que salgan de su zona de confort, resultando de un menor consumo
voluntario y por lo tanto una menor produccion en litros de leche, materia grasa y proteina
(Allen et al., 2015; Bernabucci et al., 2015; Kadzere et al., 2002; Roman et al., 2019;
Zimbelman et al., 2010). A su vez, estos efectos podrian tener mayor relevancia en la
region norte del pais, ya que las temperaturas maximas alcanzadas en verano son mayores
en comparacion con la cuenca lechera del sur (Direccién Nacional de Meteorologia,
2020). En Uruguay, Saravia et al. (2011), han realizado una caracterizacion climatica de
ITH en el periodo estival (promedios historicos mensuales de la serie 1961 - 1990 de los
meses de diciembre a marzo), encontrando probabilidades mayores al 55% de que se
presenten valores por encima del valor critico en el norte del Rio Negro para el mes de
enero. En este escenario, los productores deben tener presente alternativas de manejo
(ambiente y alimentacion) para disminuir el estrés calorico y mantener un buen
desempafio productivo.

Por otro lado, en Uruguay, el 70% de la leche que se produce se destina a la exportacion.
A enero de 2023, los principales productos de exportacion fueron leche en polvo entera:
70,41%; leche en polvo descremada: 5,5%, quesos: 9,3% y manteca: 7,5% (INALE,
2023). Es importante resaltar que la mayor parte de la leche producida se destina a la
industrializacioén (90%). El sector industrial lechero, integrado por empresas nacionales
y extranjeras ha expandido continuamente su capacidad, diversificando su produccion en
el mercado interno y exportando diversos productos a diferentes mercados. Las empresas
cooperativas captan la mayor proporcion de la leche, contando con un 77% del total,
siendo Conaprole la principal industria, captando el 73% de la leche producida en el pais
(INALE, 2021). Por lo tanto, dado que Uruguay es un pais basicamente exportador de
leche, resaltar las ventajas de los sistemas lecheros con respecto a la calidad de los
productos lacteos lo posicionaria de forma ventajosa frente a los mercados
internacionales. Esto sustentado ademas, en que a nivel internacional hay un gran interés
en valorizar los componentes lacteos con aspectos saludables y terapéuticos en relacion a
la salud humana (Haug et al., 2007; Schroeder et al., 2003).



Sistemas de base pastoril (pastura mas suplementacion): ventajas y desventajas

Uno de los desafios de la lecheria en Uruguay, es lograr altas producciones de leche por
hectarea (proveniente de forraje), para asi lograr mejores margenes de alimentacion y por
lo tanto menores costos de produccion y de esa manera ser competitivos a nivel
internacional (Farina, 2016). En relacion a esto, los sistemas de base pastoril
(caracteristicos de Uruguay) presentan ventajas con respecto a los sistemas estabulados,
como ser menores costos de produccion, mejores condiciones de bienestar y mejor calidad
de la leche (Barca et al., 2018; Bargo et al., 2006; Olmos et al., 2009; White et al., 2001,
2002).

En cuanto a la leche, es interesante destacar las caracteristicas de la misma sobre los
beneficios a la salud de los consumidores. La leche es uno de los alimentos liquidos mas
completos de origen animal en la naturaleza y junto con el resto de los productos lacteos
son considerados de los mas importantes en la alimentacion humana (Lambrini et al.,
2021; German y Dillard, 2010). Esto se debe a su mezcla compleja de grasas, proteinas
(caseinas y proteinas del suero), carbohidratos (principalmente lactosa), minerales y
vitaminas (Walstra et al., 2001). La leche es una excelente fuente de proteinas de alta
calidad, conteniendo 9 aminoacidos esenciales, que sirven como base estructural para el
crecimiento y desarrollo del organismo (Fox, 2003). Ademas, se ha demostrado que la
leche presenta péptidos bioactivos con propiedades antihipertensivas, antitromboticas e
inmunomoduladoras (Mills et al., 2011; Steijns, 2001). Las proteinas en leche también
estan presentes como lipoproteinas asociadas al glébulo graso (MFGM), con similares
funciones benéficas que las nombradas anteriormente (Manoni et al., 2020). En cuanto a
la lactosa (b-D-galactosil-D-glucosa), es el principal carbohidrato encontrado en leche.
Es un disacarido que se encuentra exclusivamente en la leche de los mamiferos. Presenta
bajo poder edulcorante, bajo indice caldrico y glucémico. Posee propiedades prebioticas
(similar a la fibra dietética) y mejora la absorcion de calcio y magnesio a nivel intestinal
(Schaafsma, 2008), por todo esto tiene gran importancia tanto desde el punto de vista de
la salud como a nivel industrial. En relacion a las grasas, por décadas la leche de rumiantes
tuvo una imagen negativa por su alto contenido de 4cidos grasos saturados (AGS) y su
relacion con las enfermedades cardiovasculares (Astrup et al., 2020; Yakoob et al., 2016).
Sin embargo, se ha demostrado que la leche contiene acidos grasos (AG) beneficiosos
para la salud humana, tales como el acido oléico (OA; C18:1 cis 9), vaccenico (VA; C18:1
trans 11) y el acido linoléico conjugado (CLA) (Drouin-Chartier et al., 2016; Elgersma et
al., 2006). Recientemente también han sido reportadas funciones benéficas en algunos
AG saturados de la leche (AG de cadena ramificada: BCFA) como C14:0, C15:0y C17:0
(Bainbridge et al., 2016).

Si bien la produccion y composicion de la leche depende de muchos factores, es la
nutricion animal uno de los que madas influye en la composicion de la misma,
principalmente en el contenido de grasa (Artegoitia et al., 2013; Dewhurst et al., 2006).
En este sentido, en comparacion con sistemas con baja o nula proporcion de pastura en la
dieta, los sistemas pastoriles presentan un perfil de 4cidos grasos en leche (PAG) mas



saludable para el consumo humano (Mordenti et al., 2015). En relacion a esto, se ha
demostrado que la inclusion de pasturas en sistemas de confinamiento (100% DTM)
aumentan los 4cidos grasos monoinsaturados: MUFA, polinsaturados: PUFA, omega 3 y
CLA, mejorando el PAG desde el punto de vista de la salud humana (Gagliostro, 2004;
Schroeder et al., 2003). En este sentido, el aumento en la ingesta de la pastura fresca
resulta en un aumento de 2 a 3 veces en el contenido de CLA en la leche (Kelly et al.,
1998; Stanton et al., 1997). En algunos trabajos realizados en nuestro pais, se observé que
en sistemas mixtos, el aumento en las horas de pastoreo o diferentes proporciones de
DTM en sistemas mixtos, también mejora el PAG, siempre a favor de los sistemas con
mayor inclusién de pasturas (Barca et al., 2018; Mendoza et al., 2016; Pastorini et al.,
2019). Por lo tanto, el PAG en los sistemas de base pastoril difiere al de los sistemas
estabulados, determinado principalmente por la dieta y el ambiente productivo en el que
se encuentran los animales. Asimismo, los sistemas de base pastoril presentan ventajas
en la calidad de los productos industrializados, muchas de las cuales estan dadas por las
diferencias en el PAG de la leche. Por ejemplo, quesos obtenidos de sistemas pastoriles
presentan caracteristicas deseables sobre la calidad nutricional, textura y calidad sensorial
(sabores, olores y colores mas intensos) (Girard et al., 2016; Martin et al., 2005;
O’Callaghan et al., 2017) en comparacion con sistemas estabulados (sin pastura en la
dieta). En tal sentido, la leche proveniente de sistemas pastoriles presenta menor relacion
palmitico/oleico que aquella proveniente de heno o ensilaje (Villeneuve et al., 2013), lo
que influye en una disminucién en la percepcion de la firmeza en quesos y mayor
derretimiento en boca (Agabriel et al., 2004; Cornu et al., 2009). Por lo tanto, el sistema
de base pastoril predominante en Uruguay, lo posicionaria de forma ventajosa frente a los
mercados internacionales, dado que la leche y quesos provenientes de sistemas pastoriles
presentan mejores atributos para el consumidor en comparacién con los sistemas sin
acceso al pasto (Kilcawley et al., 2018; Martin et al., 2005).

Los sistemas pastoriles también presentan algunas desventajas en relacion a los sistemas
confinados o estabulados. En relacion a las variables productivas y metabolicas, las vacas
en los sistemas pastoriles consumen menos materia seca y producen menos leche que en
sistemas confinados (Fontaneli et al., 2005; Kolver & Muller, 1998). De hecho, algunos
trabajos han mostrado la respuesta de las vacas lecheras cuando cambian de sistemas
100% DTM a sistemas de base pastoriles, encontrando aumento en la concentracion de
los acidos grasos no esterificados (NEFA) y beta-hidroxibutirato (BHB) en suero, una
disminucién de la concentracion de insulina, asi como menor produccion de leche,
consumo de material seca y condicion corporal (Astessiano et al., 2017; Schiren et al.,
2016).

Desde el punto de vista del bienestar, definido como el estado de un individuo con
respecto a los intentos de hacer frente y/o adaptarse a su entorno (Broom, 1986) y segiin
las cinco libertades definidas por la Farm Animal Welfare Council (1992), los sistemas
de produccion basados en pasturas son mas propicios a que las vacas encuentren un mejor
estado de bienestar. Estos sistemas ofrecen un entorno natural para el ganado lechero
(Clutton-Brock., 1999) permitiendo la expresion del comportamiento “normal” de la



especie como, por ejemplo, el pastoreo (Olmos et al., 2009). En este sentido, en pasturas
las vacas se encuentran entre el 90 y el 95% del dia pastando, rumiando y descansando
(Kilgour, 2012), siendo estos comportamientos considerados indicadores positivos del
bienestar animal (Krawczel et al., 2009; Olmos et al., 2009; Roca-Fernandez et al., 2013).
Sin embargo, en estos sistemas las vacas estdn mas expuestas a variaciones ambientales
extremas, que pueden afectar negativamente su bienestar, lo que se evidencia mediante el
uso de indicadores fisiologicos, de salud, comportamentales y productivos (Arnott et al.,
2017; Charlton & Rutter, 2017; Schiitz et al., 2010). Un ejemplo de esto serian las altas
temperaturas ambientales y humedad que pueden afectar a la vaca lechera durante el
verano (estrés caldrico), repercutiendo negativamente en la produccion, composicion de
la leche, la salud y la reproduccion (Bernabucci et al., 2010, 2015; Cowley et al., 2015;
Jordan, 2003), lo que también podria considerarse una desventaja de estos sistemas.

Estrategias de manejo en los sistemas de base pastoril (sistemas mixtos: pastoreo
mas suplementacion)

En muchos paises se utilizan los sistemas de confinamiento (encierros) con acceso a
sombra como medida de manejo alternativo en los sistemas de base pastoril,
especialmente en momentos de baja disponibilidad de forraje (Bargo et al., 2002;
Chilibroste et al., 2007; Wales et al., 2013). En Uruguay, como forma de minimizar el
desequilibrio entre los aportes y los requerimientos nutricionales en las vacas lecheras,
dado por las épocas de parto y estacionalidad de las pasturas (Naya et al., 2002), se ha
incorporado desde hace algunos afos, el uso de confinamientos (encierros totales con
DTM) en SM, principalmente durante la lactancia temprana (Cajarville et al., 2012;
Fajardo et al., 2015). Este manejo en los SM logra mejorar los niveles de produccion de
leche y soélidos en lactancia temprana (Bargo et al., 2002; Soriano et al., 2001). Por lo
tanto, el uso de DTM de forma estratégica, como medida de manejo en diferentes
momentos del afo en los sistemas de base pastoril, podria ser una alternativa para mejorar
los niveles de produccion en el ganado lechero. Estas medidas de manejo alternativo
también son utilizadas para disminuir los efectos negativos sobre el bienestar de las vacas
lecheras, dados por condiciones climaticas adversas, los que se ven reflejados en pérdidas
de produccion y salud de los animales (Charlton & Rutter, 2017; Schiitz et al., 2010). En
relacion a esto Ultimo, otro punto importante a tener en cuenta son las condiciones en las
que se realizan dichos confinamientos. El ambiente (infraestructura) en el que se
encuentran las vacas durante los encierros juegan un rol clave. Encierros con techo
(sombra), adecuado tamafio de los corrales, buena ventilacion, aspersores, ventiladores,
suelo y camas confortables, asi como el enriquecimiento del lugar para disminuir el estrés,
logran un adecuado estado de confort de los animales y por tanto mejores resultados
productivos (Black et al., 2013; Charlton & Rutter, 2017; Mandel et al., 2016).



Cambios de sistemas (base pastoril vs estabulados) y su efecto en la calidad de la
grasa lactea

Con respecto a la composicion de la grasa de la leche, cuando las vacas cambian desde
un sistema de base pastoril (SM) a 100% DTM, los AGS de la leche aumentan en
detrimento de los AG benéficos (Khanal et al., 2008; Rego et al., 2016). Mientras tanto,
cuando las vacas cambian desde un sistema 100% DTM a un sistema de base pastoril,
aumentan los AG saludables (Barca et al., 2018; Elgersma, 2015; Khanal et al., 2008;
Rego et al., 2016). Si bien se ha evaluado el perfil de 4acidos grasos (PAG) cuando las
vacas cambian de sistemas (desde un SM a confinamiento y viceversa), segun nuestro
conocimiento, a la fecha no se ha estudiado las consecuencias sobre el PAG al cambiar
desde un SM con doble pastoreo a un pastoreo nocturno en el verano (ambos sistemas
mixtos), ni la comparacion de este manejo (pastoreo nocturno) con el cambio desde un
SM a un sistema estabulado.

En resumen, las vacas con partos de primavera en SM presentan un gran desafio en la
estacion de verano, dado que estan muy expuestas al estrés calérico. Para disminuir los
efectos negativos de esta estacion se han ensayado diferentes manejos, como cambios
desde SM (doble pastoreo) a confinamiento total (100% DTM) o cambios en los horarios
de pastoreo y encierro de los animales, por ejemplo, pastoreo nocturno, con el fin de evitar
la exposicion de las vacas en las horas de mayor radiacion solar. Este manejo también se
sustenta en la actividad de pastoreo que presentan las vacas, con sesiones mas largas e
intensas durante las primeras horas de la mafiana y fundamentalmente en las ultimas horas
de la tarde (Arnott et al., 2017; Gibb et al., 1998; Mattiauda et al., 2013). De acuerdo a
nuestro conocimiento, hasta el momento no hay trabajos que hayan evaluado como la
vaca lechera es capaz de adaptarse a los cambios repentinos de manejo desde SM a
confinamiento con DTM. Un disefio que permita evaluar no s6lo aspectos productivos y
fisioldgicos, sino también el comportamiento, podra brindar informacion sobre la manera
en que los animales responden a estos cambios y/o sus posibles dificultades de adaptacion
a corto o mediano plazo, y por tanto sus repercusiones en el bienestar animal.

Por otro lado, como se coment6 anteriormente, los sistemas de base pastoril presentan
ventajas en comparacion con los sistemas estabulados 100% DTM, entre las que se
destacan mejor calidad de grasa lactea (mayor proporcion de acidos grasos saludables)
que repercuten en mejor calidad de los productos lacteos. Por lo tanto, mantener SM en
el verano, atenuando los efectos negativos de esta estacion es un gran desafio para los
sistemas de produccion de Uruguay. En sistemas mixtos, el cambio de doble pastoreo a
un pastoreo nocturno podria ser una alternativa para mantener los beneficios de estos
sistemas (calidad de la grasa lactea y comportamiento en pastoreo), reduciendo los efectos
negativos (exposicion a altas temperaturas diarias) durante el verano. En relacion a lo
anterior, si bien el pastoreo nocturno en los SM seria una buena estrategia para mantener
las ventajas de estos sistemas en el verano, las condiciones de las instalaciones de los
encierros en los SM (lugares donde se encuentran las vacas durante el dia) adquiere gran
importancia en esta estacion.



En Uruguay se han estudiado varios tipos de encierros, los cuales pueden ser encierro
total (100% DTM) (Cajarville et al., 2012; Fajardo et al., 2015) o encierro parcial (diario),
donde las vacas alternan tiempos de pastoreo y tiempo de encierro (SM) (Barca et al.,
2018; Bargo et al., 2002; Fajardo et al., 2015; Garcia-Roche et al., 2021; Jasinsky et al.,
2019). Los mas frecuentes en nuestro pais son los denominados sistemas a “cielo abierto”
(INALE, 2019) o como se denomina en otros paises sistemas dry lot o “parcialmente
abiertos”. Este tipo de encierro tiene gran interés a nivel internacional debido a su bajo
costo de inversidon en comparacion con sistemas free stall o compost barn (Marcondes et
al., 2020). En los sistemas a cielo abierto las vacas se encuentran sobre piso de tierra o
tosca y en general cuentan con sombra artificial. En muchos casos los comederos se
encuentran techados, mientras que en el resto de las areas los animales estan expuestos al
clima (lluvia, estrés caldrico, etc.; INALE, 2019). Este tipo de sistemas pueden asociarse
(sobre todo en el largo plazo) con problemas de salud y bienestar de la vaca lechera debido
a la exposicion a la radiacion solar, lluvia y barro (Marcondes et al., 2020). En relacion a
esto, en los ultimos afios en Uruguay, han empezado a aumentar los encierros donde las
vacas se encuentran en galpones totalmente techados con bebederos, comederos y
diferentes tipos de cama. Este tipo de encierros se caracterizan porque las vacas tienen
baja exposicion al clima exterior (mejor control del ambiente, mejor confort). Un ejemplo
de este tipo de encierro es el sistema con compost barn o también llamado “cama de
compost” (Leso et al., 2020). Ha sido demostrado que este tipo de cama mejora el confort
de las vacas, con menores indices de mastitis, laminitis y mayor longevidad (Black et al.,
2013). Como desventaja de estos sistemas es que requieren una gran inversion inicial y
personal capacitado para mantener una adecuada calidad de las condiciones de la cama
(Bewley et al., 2017). En este sentido, se requiere un monitoreo constante de la
temperatura y humedad de la cama, pardmetros claves para mantener estos sistemas de
forma eficiente (Barberg et al., 2007; Janni et al., 2007). Para lograr la eliminacién de los
microorganismos patdgenos (potenciales patdgenos de mastitis) y una adecuada
degradacion de la celulosa (con una mayor durabilidad de la cama) la temperatura debe
estar entre 40 y 65°C y no debe superar el 60% de humedad (Black et al., 2013). Por lo
tanto, contar con encierros en buenas condiciones de infraestructura en SM minimizaria
los efectos negativos de la exposicion climatica de las vacas lecheras, como por ejemplo
estrés calorico en el verano. Esto permitiria que las vacas durante el encierro se
encuentren en buenas condiciones de bienestar (confort), permitiendo alcanzar buenos
niveles productivos (seglin alimentacion y genética). Asi como también obtener leche y
quesos con grasas mas saludables desde el punto de vista de la salud humana (por
presencia de pastura en la dieta) en comparacion con los sistemas confinados (100%
DTM). Es interesante resaltar que hasta la fecha no se ha evaluado como la infraestructura
de los encierros (exposicion al clima) en SM intensivos afecta la produccion y calidad de
la grasa lactea, desde una mirada integral (produccion primaria e industria).

Con respecto al efecto del ambiente productivo sobre la calidad de los quesos, si bien
existen algunos trabajos que estudiaron diferentes caracteristicas de los quesos elaborados
de sistemas en confinamiento vs. sistemas de base pastoril, estos sistemas no evaluaron
el efecto del ambiente independientemente del sistema de alimentacion. En el trabajo



realizado por Esposito et al. (2014), evaluaron granjas lecheras que cambiaron el manejo
segun la estacion del afio (pastoreo: PS o confinamiento: CS). El cambio de sistema
involucré un cambio en el tipo de alimento (pastura vs dieta en base a cereales: harina de
avena, cebada y trigo y heno: campo natural y trébol). Estos autores encontraron que los
quesos elaborados en los meses que los animales estaban pastoreando (PS) tuvieron
mayor proporcion de Cl18:3, CLA (cis9-transll) y CI18:1 trans-11 y mejores
caracteristicas organolépticas en comparacion con los meses en confinamiento (CS). La
principal limitante en este estudio es que no se pudo evaluar como la dieta, el ambiente y
la estacion de afio afect6 el PAG de los quesos en forma separada, dado que los 3 efectos
cambiaron en forma conjunta. En el caso de O’Callaghan et al. (2017), estudiaron 3
sistemas con diferente alimentacion y ambiente: 2 sistemas pastoriles (un grupo raigras y
otro raigrads mas trébol blanco) y un sistema estabulado 100% DTM. Los principales
resultados estuvieron relacionados al tipo de dieta (diferentes sistemas pastoriles vs.
confinamiento), teniendo como resultado que los sistemas pastoriles presentaron mejor
calidad de grasa en el queso que los estabulados. La limitante que se puede observar en
este caso, es que ambos tratamientos manejan ambos elementos: ambiente y dieta en
forma conjunta. Por lo que al igual que en el anterior, existen efectos confundidos, dado
que no se podrian adjudicar los resultados a cada efecto independiente (dieta — ambiente),
sino que ambos efectos afectaron de forma conjunta los AG de los quesos. En el caso del
trabajo de Bonanno et al. (2013), estudiaron la calidad del queso de 2 tipos de granjas con
diferentes sistemas (extensivo vs. intensivo). Esta clasificacion se hizo en base a la
alimentacion y manejo (sistema basicamente pastoril vs. dieta a base de heno y
concentrado con baja proporcion de pastura en la dieta) y razas (vacas “autdctonas” vs.
vacas de raza especializadas en la produccion de leche: “Brown cows”). En este caso los
efectos confundidos involucraron el tipo de dieta, el ambiente y las razas. Los principales
resultados de los 3 estudios, fue la mayor proporcion de AG saludables en leche y quesos,
asi como mejores caracteristicas sensoriales en los quesos de sistemas de base pastoril en
comparacion con las vacas que se encuentran en confinamiento. Pero en ninguno de ellos
se pudo comprobar como las condiciones climaticas (de forma independiente) afectan el
PAG en leche y quesos.

Por lo tanto, segun nuestro conocimiento, hasta el momento no hemos encontrado trabajos
que hayan evaluado cémo el ambiente (condiciones climdticas externas) durante el
encierro (momentos donde el animal no estd pastoreando) afectan el PAG de leche y
quesos bajo un mismo sistema de alimentacion en SM. En relacion a esto, esta tesis
generaria un aporte novedoso, sobre como las condiciones de infraestructura que
presentan los SM durante el encierro podrian afectar la calidad de la grasa lactea y como
esto repercutiria en la calidad de los quesos elaborados.



HIPOTESIS

A. El cambio brusco de manejo desde un sistema mixto (pastura mas encierro con
DTM) hacia un sistema de confinamiento en el verano mejora la produccion y
composicion de leche y perfiles metabolicos, pero afecta negativamente algunos
indicadores de comportamiento en vacas con partos de primavera (Articulo I)

B. El cambio brusco de manejo desde un SM con doble pastoreo a un SM con un
pastoreo nocturno durante el verano mejora la calidad de la grasa lactea en
comparacion con vacas que cambian desde un sistema mixto a confinamiento y
con las que se mantienen siempre en confinamiento (Articulo II)

C. Envacas con partos de primavera, los SM (con baja y alta exposicion al ambiente)
alcanzan un perfil de acidos grasos mas saludable, pero menor produccion de
leche y contenido de grasa en comparacion con un sistema confinado (100% DTM
y baja exposicion al ambiente) (Articulo IIT)

D. En vacas con partos de primavera, diferentes condiciones (alta vs. baja exposicion
al ambiente) durante el confinamiento en SM en el verano afecta el perfil de acidos
grasos de leche de pool (MilkP) y quesos en comparacion con un sistema
confinado (100% DTM y baja exposicion al ambiente) (Articulo I1T)



OBJETIVOS GENERALES

1. El primer objetivo general es determinar si el cambio desde SM (pastoreo + DTM) a
sistemas confinados (100% DTM) o SM (con pastoreo nocturno) afecta la produccion y
composicion de leche, PAG, bioquimica sanguinea y comportamiento en vacas con partos
de primavera en comparacidon con un sistema en confinamiento (100% DTM).

2. El segundo objetivo general es determinar si diferentes condiciones ambientales (alta
y baja exposicion al ambiente) durante el encierro en SM afecta el contenido en grasa, el
PAG en leche y la calidad de los quesos en vacas con partos de primavera y en
comparacion con un sistema DTM con baja exposicion al ambiente.
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ESTRATEGIA DE INVESTIGACION

La siguiente tesis se desarrolla en base a 2 grandes capitulos dentro de los cuales se
presentan los objetivos especificos, materiales y métodos, principales resultados y
discusion particular de cada uno de ellos. Con respecto a los nombres de los tratamientos,
se describiran en espafiol y entre paréntesis se pondra la nomenclatura tal cual esta en los
articulos. De esta manera se mantienen las mismas siglas en ambos documentos (tesis y
articulo).

El primer capitulo se enmarco en el proyecto “Estrategias nutricionales y de manejo
para maximizar la calidad de la leche y atenuar el estrés caldrico en vacas con partos
en primavera”. El experimento en el cual se enmarcé dicho proyecto fue financiado a
través de los siguientes proyectos y fuentes de financiacion: 1) “Sistemas de produccion
de leche competitivos, sostenibles y simples: el desafio de la lecheria uruguaya” (RTS 1-
2014 1 03: Fondo Alianzas ANII-2014) y 2) “Factores de riesgo e inmunosupresion en
el periparto de vacas lecheras: busqueda de indicadores en sistemas de produccion sobre
pastoreo controlado” (FSA_1 2013 1 12442: fondo INNOVAGRO ANII-2013). El
mismo fue aprobado por CEUA-FVET (Facultad de Veterinaria CHEA 1D149).
Enmarcado en el proyecto “Estrategias nutricionales y de manejo para maximizar la
calidad de la leche y atenuar el estrés calorico en vacas con partos en primavera” se
desarrollaron los objetivos especificos 1 y 2 (Articulos I y IT) de esta tesis. Para responder
estos objetivos se realizé un experimento en el establecimiento comercial “La Armonia”,
de la empresa PILI S.A. Del total del rodeo lechero (1300 vacas en ordeiie), fueron
seleccionadas 90 vacas multiparas con fecha promedio de parto 15 de setiembre + 13 dias
(partos de primavera). Se implementaron tres tratamientos nutricionales y de manejo en
funcion de dos estaciones del afio (primavera y verano). Cada tratamiento fue una
estrategia diferente para transitar ambas estaciones del ano. De la primavera al verano en
los SM se realizaron cambios en el manejo de alimentacion y ambiente para evaluar
diferentes formas de mitigar el estrés calorico. Durante los primeros 3 meses desde el
parto se determiné la produccion y composicion de la leche, variables de comportamiento
y metabolitos sanguineos. Al mes (30 dias posparto, dpp) y a los 3 meses (100 dpp) se
hizo un muestreo de leche para la evaluacion del PAG en leche (Figura 1).

Semana 9
M1: AG : M3: AG
‘«/ _«.’/‘ ;.”1‘ .‘:/ )‘;;
s | | i | — }
v
4 5 6 7 8 9 10 11 12 13 14

Semanas post parto

M o
_ comportamiento leche #  sangre

Figura 1: Disefio experimental. Dias de evaluacion de comportamiento, extraccion de
muestras de leche (produccion y composicion) y sangre. Extraccion de muestras de leche
para perfil de acidos grasos.
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El segundo capitulo se enmarcé en el proyecto “;Cuanto cuesta y cuanto paga el control
del ambiente productivo en sistemas comerciales de produccion de leche? Andlisis a lo
largo de la cadena de valor” el que fue financiado por (RTS 1-2014 1 03: Fondo
Alianzas ANII-2014). El mismo fue aprobado por CEUA-FAGRO (Facultad de
Agronomia, CHEA: ID 682). En este experimento se desarrollaron los objetivos
especificos 3 y 4 (Articulo III). Para cumplir con dichos objetivos se seleccionaron 48
vacas (multiparas y primiparas) con partos de primavera. La estrategia de investigacion
se realiz6 en 2 etapas siguiendo el disefio experimental mostrado en la Figura 2.

Etapa 1l Etapa 2
1 1
r |
Mu@ @MLZ
Diasen | 1 1 I 1 1 1 1 1 1 lﬁ ] ]
leche
20 40 60 80 100 120 140 160 180 200 220
Meses Agosto Octubre Enero Marzo
Estacion  Invierno Primavera Verano Verano “tardio”
Muestras de Leche de "pool” <\ ..
ﬁ] leche individual ﬁ (MilkP) %0 Elaboracién de quesos

Figura 2: Disefio experimental: momento de extraccion de muestras de leche individual,
leche de pool (MilkP) y elaboracion de quesos. ML1: momento de lactancia (70-90 dias
post parto:dpp); ML2: momento de lactancia (140-180 dpp).

En una primera etapa (Etapa 1) correspondiente al objetivo especifico 3, se evaluo si la
alta o baja exposicion al ambiente durante la suplementacion en los SM afect6 el PAG de
la leche en dos momentos de la lactancia: ML1: primavera - Octubre (70-90 dpp) y ML2:
verano - Enero (140-180 dpp) y comparar ambos SM con vacas que estuvieron siempre
con baja exposicion al clima (100% DTM) (la unidad experimental es la vaca). En una
segunda etapa (Etapa 2) (objetivo especifico 4), se evaludé como la alta o baja exposicion
al ambiente repercutio en el perfil de acidos grasos de los quesos. Se realizaron
elaboraciones de quesos en el verano tardio- Marzo (195-225 dpp). Dichas elaboraciones
fueron realizadas a partir de muestras de leche de pool (MilkP) de cada corral (4 corrales)
para cada tratamiento (la unidad experimental es el corral). De cada vaca individual se
obtuvo el total de leche del ordefio completo, la que fue mezclada y homogeneizada en
tanques, obteniendo el total de la leche producida de cada corral (n=4). A partir de la
leche homogeneizada de cada tanque, se extrajeron 60 L de leche en bolsas de 20 L, la
que fue inmediatamente refrigerada en camara para luego ser enviada a la planta piloto
del LATU (en camion refrigerado a 4°C) para su posterior procesamiento (Figura 3).
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Figura 3: a). Ordefie completo de cada vaca individual (al tarro); b). Mezcla de leche
del ordefio completo de cada vaca individual de cada corral (n=4): leche de pool
(MilkP) y llenado de bolsas para almacenamiento y traslado de leche; c-d).
Almacenamiento y enfriado de la leche previo al traslado a planta industrial; f.
Elaboracién de quesos en la planta industrial (tina quesera).
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CAPITULO 1

El primer capitulo fue desarrollado en base a un Uinico experimento. En esta tesis para un
mejor entendimiento de los tratamientos y mejor visualizacién de los resultados seran
presentados en forma separada segun los siguientes objetivos especificos:

Objetivos especificos

1. Determinar el efecto del cambio brusco desde un SM (pastoreo + DTM) a un sistema
de confinamiento (100% DTM) sobre el comportamiento, bioquimica sanguinea,
produccion y composicion de la leche en vacas de partos de primavera en comparacion
con un sistema en confinamiento (100% DTM).

2. Determinar el perfil de acidos grasos de la leche cuando las vacas cambian desde un
SM (pastoreo + DTM) a 100% DTM y cuando cambian desde un SM a uno con un solo
pastoreo nocturno en verano y en comparacion con vacas mantenidas desde el inicio en
encierro con 100% DTM

Materiales y métodos - Articulo I

Para cumplir con el objetivo especifico 1 se planted el siguiente disefio experimental
(Figura 1):

Se utilizaron 30 vacas multiparas en dos tratamientos (n=15):

1) GTMR: vacas alimentadas con DTM ad libitum durante todo el estudio

2) GCHD: vacas en sistema mixto: doble pastoreo en primavera en el horario de 7:30 a
11:30 y 18:30 a 6:00 h mas suplemento con DTM. En verano cambiaron a un sistema de
manejo y alimentacion igual que el tratamiento GTMR.

Las vacas del GCHD tuvieron acceso a pasturas de Festuca (Festuca arundinacea) y
Dactylis (Dactylis perseo) en los meses de primavera. La asignacion de forraje fue de 40
kg MS/vaca/dia, en parcelas de ocupacion diarias. La proporcion de DTM ofrecida como
suplemento al GCHD en primavera fue del 25 % de la oferta de DTM del tratamiento 1
(GTMR).

Los corrales donde se encontraban las vacas en confinamiento (encierro total) y donde
permanecian las vacas del GCHD en los momentos donde no estaban pastoreando
(encierro parcial) tuvieron las siguientes caracteristicas: comederos cubiertos (70 x 3 m)
con piso de concreto y techo metalico y un espacio con piso de tierra sin techo pero con
un area con sombra (50 x 35 m): corral a “cielo abierto” (Figura 4). Ambos tratamientos
se alojaban en el mismo ambiente pero en corrales diferentes (Ver Figura 1 - Articulo I).
Para ambos tratamientos la dieta total mezclada (DTM) fue administrada en dichos
corrales.
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Figura 4: a). Comederos cubiertos con piso de concreto y techo metalico; b). Area con
piso de tierra sin techo pero con un espacio de sombra.

Se evalu6 comportamiento, produccioén, composicion de la leche y bioquimica sanguinea.
Los eventos de comportamiento se evaluaron en forma individual (15 animales por grupo)
usando un muestreo de scan cada 10 min, mediante tres observadores entrenados, uno
para cada grupo, los cuales alternaron entre tratamientos, turnos (am: 08:00 a 11:00 y pm:
12:00 a 15:00) y dias. Una vez por mes durante la lactancia se evalud el comportamiento
durante un periodo de 3 a 6 dias, segtin los meses. Al mes (1M) y a los 3 meses (3M) las
evaluaciones fueron realizadas durante 3 dias consecutivos. A los 2 meses (2M),
momento en el cual se realizé el cambio de estrategia, el comportamiento fue evaluado
durante 6 dias consecutivos: 3 dias antes del cambio (2MB) y 3 dias después del cambio
(2MA). Los comportamientos registrados fueron: rumiando, echado, caminando,
comiendo (pastando o DTM) (Damian et al., 2013). La produccién y composicion
(proteinas totales, grasa, lactosa) de leche se registrd semanalmente mediante el equipo
LactoScope, que utiliza la metodologia de interferograma de transformado Fourier
(FTIR), en el laboratorio COLAVECO (Nueva Helvecia-Colonia). Los indicadores
bioquimicos séricos (BHB, NEFA, Colesterol, proteinas totales, albumina, globulina,
urea y CK) se determinaron en sangre cada 15 dias.

Todas las variables (comportamiento, leche y sangre) fueron analizaron mediante
medidas repetidas utilizando el PROC MIXED de SAS (SAS Institute Inc., Cary, NC,
EE. UU., 2004). Las variables de comportamiento se analizaron por separado en cada mes
(1M, 2M y 3M) y los resultados se presentan como el promedio de 3 dias en cada periodo.
En octubre (IM) y diciembre (3M) se consideraron bloque y tratamiento (GTMR o
GCHD) como efectos fijos y en noviembre se consideraron bloque, tratamiento, periodo
(GTMR o GCHD), e interaccion tratamiento - periodo (2M-A y 2M-B) como efectos
fijos. Los animales en cada tratamiento se consideraron como efecto aleatorio. Los
resultados fueron considerados como significativos con un valor de a < 0,05. Los datos
se presentaron como media =+ error estandar de la media (eem).
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Resultados principales - Articulo I

A continuacion, se presentan los principales resultados obtenidos en relacion al objetivo
especifico 1. En cuanto al comportamiento se observo que las vacas del GCHD después
del cambio (2M-A) rumiaron (13,8 = 1,3 %) y se echaron (17,2 £ 1,5 %) con menor
frecuencia que antes del cambio (2M-B) (31,3 + 1,3 %y 23,5+2,1 %, p<0,0001 y p=0,03;
respectivamente). A su vez, las vacas del GCHD luego del cambio (2M-A) rumiaron y se
echaron incluso con menor frecuencia que las del GTMR en el mismo periodo (19,6 + 1,3
%;y 26,6 = 1,5 %, p=0,001 y p=0,02; respectivamente). Al evaluar el comportamiento
un mes luego del cambio (GCHD un mes de encierro total), no hubo diferencias en
ninguna de las variables, mostrando un patrén de comportamiento similar a las del
GTMR. Sin embargo, las del GCHD mantuvieron tendencia a rumiar con menor
frecuencia que las del GTMR (p=0,08) al mes luego del cambio.

Con respecto a las variables productivas, en el GTMR la produccion de leche (PL)
incrementd desde la semana 4 a la 9 (p<0,0001) y disminuyd desde la 9 a la 14
(p<0,0001), mientras que el GCHD incrementé su PL desde la semana 9 a la 10
(p<0,0001), luego del cambio de dieta y se mantuvo constante hasta la semana 14. Una
semana previa al cambio, las vacas del GCHD produjeron menos leche, proteina y lactosa
(kg/d) en comparacion con las del GTMR (p=0,009, p=0,01 and p=0,002;
respectivamente), pero luego del cambio de sistema las diferencias entre los grupos
desaparecieron (2M-A).

A su vez, estas modificaciones en la produccion de leche y solidos en el GCHD fueron
acompafadas por algunos cambios metabolicos, como la disminucion en la concentracion
de BHB (p<0,0001) y AST (p=0,03) desde la semana 4 hasta el final del periodo (semana
14), mientras que en el GTMR los niveles se incrementaron desde la semana 4 ala 8y se
mantuvieron altos hacia el final del experimento. Por otro lado, estos cambios en las vacas
del GCHD fueron acompafiados por una caida temprana (semana 8) de la concentracion
del colesterol (p<0,001), en comparacion con las vacas del GTMR.

Discusion - Articulo I

Con respecto a los resultados obtenidos correspondientes al objetivo 1 se observo que el
cambio de dieta de SM (doble pastoreo + DTM) a un sistema de confinamiento inico
(100% TMR) en vacas lecheras afectd la produccién y composicion de la leche, el
comportamiento y algunos parametros metabolicos en sangre. Alrededor de una semana
antes del cambio de dieta, las vacas de GCHD produjeron menos leche y menor kg/d de
proteina y lactosa que las vacas de GTMR, pero tales diferencias desaparecieron después
del cambio de sistema. Estos resultados concuerdan con la informacién disponible sobre
las ventajas del sistema en confinamiento, donde las vacas que consumen dieta DTM
producen mas leche que las vacas en pastoreo o en SM, lo que se asocia con un aumento
en el consumo de materia seca y una mayor disponibilidad de energia (Bargo et al., 2002;
Fajardo et al., 2015; Kolver & Muller, 1998; Vibart et al., 2008; Wales et al., 2013).
Ademas, el cambio desde el SM al confinamiento con DTM mejor6 la produccion y
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composicion de la leche en un corto periodo de tiempo, lo que se evidencio6 al observar
los cambios desde una semana antes del cambio hasta una semana después. Por otro lado,
estos cambios en la produccion de leche y composicion estuvieron acompafiados de
algunas modificaciones metabolicas, como una disminucion continua en la concentracion
de BHB y AST hacia el final del periodo experimental y una caida temprana en la
concentracion de colesterol, lo que sugiere una menor movilizaciéon de reservas
corporales y actividad hepatica después del cambio de sistema (Garcia et al., 2011; Noro
et al., 2013). Aunque las vacas en SM durante el primer mes de lactacion sufrieron un
mayor balance energético negativo en comparacion con las vacas de GTMR [evidenciado
por mayores valores de AGNE y menor condicidon corporal (CC)], no lograron recuperar
su CC después del cambio. Esto podria deberse a que durante la lactancia temprana la
energia generada por la vaca lechera prioriza la glandula mamaria para la produccion de
leche en lugar de las reservas corporales (Gross et al., 2011). Por lo tanto, en términos de
produccion de leche, composicion y metabolismo las vacas lecheras responden
favorablemente al cambio desde un SM a un confinamiento con DTM. Si bien las vacas
del GCHD presentaron una mejora en la PL luego del cambio (dieta 100% DTM y menor
desgaste energético), se hubiera esperado que alcanzaran mayores niveles de PL en base
a la formulacion de la dieta y requerimientos. Las posibles limitantes pudieron ser
principalmente el tipo y condiciones del encierro (a cielo abierto) lo que pudieron haber
limitado la mitigacion del estrés caldrico. Por otro lado, las vacas del GCHD (SM al inicio
de la lactancia) mostraron un mayor balance energético negativo y menor PL que las
vacas del GTMR. Esto pudo haber generado un efecto residual negativo en la PL a lo
largo del de la lactancia (Jorgensen et al., 2016; al Ibrahim et al., 2013; Bargo et al., 2002;
Fajardo et al., 2015).

Con respecto al comportamiento, se observd que después del cambio (de SM a
confinamiento 100% DTM), las vacas del GCHD rumiaban y se echaban con menos
frecuencia que antes, e incluso realizaban estos comportamientos con menos frecuencia
que las vacas mantenidas siempre en DTM (GTMR). El hecho de que ambos
comportamientos (rumiar y echarse) disminuyeran tras el cambio de sistema podria
deberse a la falta de acceso a la pastura. Posiblemente, la pérdida de la posibilidad de
pastar sea un factor clave en las respuestas de comportamiento evidenciadas por las vacas
luego del cambio de sistema y manejo, lo cual coincide con lo reportado por (Arnott et
al., 2017; Beauchemin, 2018; Kilgour, 2012; Pollock et al., 2022). Dado que estos
comportamientos junto con el pastoreo en la vaca lechera se asocian con un buen bienestar
y comodidad (Arnott et al., 2017; Higashiyama et al., 2007; Kilgour, 2012; Tucker et al.,
2004), es posible que el cambio de sistema y la dificultad de adaptacion durante los
primeros dias hayan redundado en un peor bienestar. El comportamiento de rumia y estar
echada estan asociados entre si, y ocurren cuando las vacas estan en buenas condiciones
(Schirmann et al., 2012). En condiciones de encierro mas comodas las vacas se echan con
mas frecuencia (Charlton & Rutter, 2017), lo cual resalta la importancia de estos
comportamientos como indicadores de bienestar. Por lo tanto, la reduccion de la rumia
tras el cambio de sistema puede ser un indicador de respuesta emocional negativa, como
fue sugerido por Herskin et al. (2004). En resumen, las vacas expresaron dificultades para
adaptarse rapidamente (primeros 3 dias) al cambio abrupto desde un SM a un sistema de
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confinamiento con DTM (GCHD). Incluso, al mes luego del cambio las vacas del GCHD
tendieron a rumiar menos, por lo que se evidencia que tuvieron dificultades para adaptarse
totalmente al cambio de sistema al menos durante el periodo de un mes. Los resultados
coinciden con los de Enriquez-Hidalgo et al. (2018), quienes reportaron que las vacas
necesitaron mas de 10 dias para adaptar su comportamiento al cambio de manejo de un
sistema de pastoreo a uno de confinamiento. Por lo tanto, las vacas necesitan una ventana
de tiempo de algunas semanas para adaptar su comportamiento a un nuevo entorno
después de un cambio abrupto desde un sistema de base pastoril a un sistema de
confinamiento. Dado que las vacas lecheras no se adaptan facilmente a cambios bruscos
de sistema, seria interesante evaluar como los animales pueden adaptar su
comportamiento a cambios graduales en estos sistemas de produccion. Por lo que la
decision de confinar (alimentacion 100% DTM) a las vacas lecheras en el verano como
medida de manejo para disminuir el efecto del estrés caldrico, tendria ventajas desde el
punto de vista productivo y metabdlico, sin embargo, segin las variables de
comportamiento evaluadas, las vacas tendrian algunas dificultades para adaptarse a los
cambios repentinos de sistema.

Materiales y métodos - Articulo II

Para cumplir con el objetivo especifico 2 se utilizaron los dos mismos grupos
mencionados en el primer objetivo especifico (GTMR y GCHD) pero con el agregado de
un tercer grupo (GTMR+P).

A continuacion se describen las caracteristicas de los respectivos grupos:

Se utilizaron 45 vacas multiparas en tres tratamientos (n=15):

1) GTMR: vacas alimentadas con DTM ad libitum durante todo el estudio

2) GCHD: vacas en sistema mixto: doble pastoreo en primavera en el horario de 7:30 a
11:30 y 18:30 a 6:00 horas [oferta de 40 kgMS/vaca/d; (4 cm por encima del suelo) y
disponibilidad de 1500 a 1700 kgMS/ha], mas suplemento con DTM (encierro en los
momentos de no pastoreo). En verano cambiaron a un sistema de manejo y alimentacién
igual que el tratamiento GTMR.

3) GTMR+P con igual manejo que el anterior (2) durante primavera (misma asignacion
y disponiblidad que GCHD, y en verano un régimen de un pastoreo en el turno
vespertino/nocturno en horario de 19:00 a 6:00 h) més suplemento con DTM durante el
turno matutino (encierro en los momentos de no pastoreo).

Las vacas del GTMR+P tuvieron acceso a pasturas de Festuca (Festuca arundinacea) y
Dactylis (Dactylis perseo). La asignacion de forraje fue la misma que para GCHD
(40kgMS/vaca/d).

La proporcion de DTM ofrecida como suplemento a ambos SM en primavera fue del 25
% de la oferta de DTM del tratamiento 1 (GTMR), mientras que la suplementacion
ofrecida al GTMR+P en verano fue 35% de lo ofrecido al GTMR. Las caracteristicas de
los corrales donde se administraba la DTM y donde permanecian las vacas mientras no
estaban pastoreando eran las mismas que las descriptas para el tratamiento GCHD en el
apartado materiales y métodos I.
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La produccion de leche se registro individualmente con medidores Waikato®. Las
muestras de leche fueron recolectadas en dos momentos: al mes de lactancia (M1: semana
4, 3515 dpp) y a los tres meses de lactancia (M3: semana 13, 98+14 dpp) para
composicion de leche y PAG (muestra compuesta y representativa de ambos ordefos
diarios). La determinacion de acidos grasos se realizd por cromatografia gaseosa en leche,
pasturas, ensilaje en el Laboratorio Tecnoldgico del Uruguay (LATU) (metodologia
detallada en Articulo II)

Resultados principales - Articulo I1

En este apartado se presentan los principales resultados obtenidos a partir del objetivo 2.
Las vacas cambiaron desde un sistema mixto (doble pastoreo + DTM) a un encierro total
(100% DTM-a cielo abierto) o desde un sistema mixto (doble pastoreo + DTM) a un solo
pastoreo nocturno + DTM. Ambos cambios se compararon con vacas que siempre se
mantuvieron en confinamiento alimentadas con 100% DTM.

En cuanto a las variables productivas se observé que las vacas que estaban en sistema de
confinamiento en M3 (verano), tanto las que cambiaron (GCHD) como las que siempre
se mantuvieron en este sistema (GTMR) mostraron mayor produccion de leche que las
que se mantuvieron en sistema mixto (GTMR+P) (p=0.04). En M1 no hubo diferencia
entre los tratamientos. En relacion a la grasa lactea en M1, GTMR tuvo menor porcentaje
de grasa que GCHD y GTMR+P (p=0,0006) y en M3 GTMR+P tendi6 a ser mayor que
GTMR (p=0,08), pero no hubo diferencias entre GCHD y los otros tratamientos. Cuando
se evaluo el efecto del cambio de manejo en estas variables se observo que las vacas que
pasaron desde un sistema mixto a uno en confinamiento en el verano (GCHD) aumentaron
la producciéon de leche (p=0,05), mientras que las vacas que mantuvieron un pastoreo
nocturno (GTMR+P), disminuyeron desde M1 a M3 (p=0,004). Por otro lado, el GCHD
disminuyo el porcentaje de grasa desde M1 a M3 (p=0,0005), pero GTMR y GTMR+P
no mostraron diferencias entre los meses. Sin embargo, la grasa (kg/d) en GCHD y
GTMR no cambid6 entre los meses, mientras que en GTMR+P disminuyé (p=0,0001).

En cuanto al perfil de acidos grasos de la leche, cuando las vacas fueron sometidas al
cambio de manejo se observo que las vacas que accedieron a un pastoreo nocturno en el
verano (GTMR+P) alcanzaron mayor contenido de n-3, C18:2 (CLA) y C18:3 (p=0,02;
p<0,05) y menor relacion n-6/n-3 (p<0,0001) en comparacion con las que cambiaron a un
sistema de confinamiento (GCHD). En M1 la relacién n-6/n-3 fue mayor en GTMR (p <
0,0001) en comparacion con ambos SM (GCHD y GTMR+P), mientas que no hubo
diferencias entre ellos en esta variable. En M3 el GTMR+P (un turno de pastoreo) tuvo
la menor relacion n-6/n-3 (p<0,0001) en comparacién con GCHD (cambio a estabulacion
completa) y GTMR, sin diferencias entre ellos (ambos grupos en estabulacion). El 4cido
linoleico conjugado (C18:2) y linolenico [C18:3 (n-3)] no mostraron diferencias entre
tratamientos en M1, mientras que en M3 ambos AG fueron menores (%) en GCHD que
en GTMR+P (p<0,05). Al estudiar el PAG de la leche luego del cambio en cada grupo,
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se observo que en la leche de las vacas del GCHD disminuyd el porcentaje de n-3 desde
M1 a M3 (p=0,0001), mientras que en GTMR y GTMR+P no cambi¢ entre los meses. La
relacién n-6/n-3 en GCHD se increment6 (p<0,0001) desde M1 a M3, mientras que en
GTMR+P se mantuvo sin cambios. En el caso del C18:3 (n-3) y C18:2 (CLA)
disminuyeron desde M1 a M3 (p<0,01) en ambos grupos (GCHD y GTMR+P), pero en
GTMR no hubo diferencias entre los meses.

Discusion - Articulo I1

En relacion a los resultados obtenidos en base al objetivo 2 se puede afirmar que las vacas
en SM, incluso durante el verano y con un solo pastoreo nocturno, tuvieron mayor
concentracion de CLA y linolénico (n-3) en la leche que las vacas que cambiaron al
sistema de confinamiento (GCHD). Estos resultados ratifican que la inclusion de pastura
en la dieta [principal fuente de C18 como linolénico (n-3) y AG linoleico; Elgersma,
2015], podria aumentar los intermediarios de AG (VA y RA) y por lo tanto la proporcién
de CLA en la leche (Bauman & Griinari, 2001; Chilliard et al., 2007). Estos resultados
también son consistentes con los de Barca et al. (2018) y Morales-Almaraz et al. (2010),
quienes encontraron mayores cantidades de n-3 en sistemas que incluyen pastura en la
dieta en comparacion con sistemas 100% DTM. Ademas, la leche de los SM (GCHD y
GTMR+P en primavera y GTMR+P en verano) tuvieron menor n-6/n-3 en comparacion
con las vacas en confinamiento (GCHD en verano y GTMR). En relacién a esto, el GCHD
luego del cambio aument6 la relacion n-6/n-3 a valores considerados inadecuados para el
consumo humano (superiores a 4/1), mientras que GTMR+P mantuvo valores adecuados
para la salud humana (Simopoulos, 2008). Por lo tanto, este trabajo destaca la importancia
de mantener el pastoreo nocturno en SM durante el verano, ya que conduce a un PAG
considerado beneficioso para la salud humana, como un alto contenido de n-3 y C18:2
(CLA), y baja relacion n-6/n-3 (Elgersma, 2015; Ruxton et al., 2004).
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CAPITULO 2

Objetivos especificos

3. Comparar el perfil de acidos grasos en leche entre SM con diferentes condiciones
ambientales (alta y baja exposicion al ambiente) durante el encierro, en comparacion con
un sistema 100% estabulado con baja exposicion al ambiente, de vacas con partos de
primavera.

4. Evaluar como las diferentes condiciones ambientales (alta y baja exposicion al
ambiente) durante el encierro en SM repercute en el perfil de 4cidos grasos de leche de
pool (MilkP) y quesos y compararlos con los obtenidos de un sistema 100% estabulado
con baja exposicion al ambiente, en vacas con partos de primavera

Materiales y métodos — Articulo I1T

El estudio se realizo en la Plataforma Experimental de Lecheria de la Estacion
Experimental Dr. Mario A. Cassinoni, Facultad de Agronomia, Paysandu. Desde un rodeo
de 100 vacas, se utilizaron 48 vacas con partos de primavera 2019, las que se evaluaron
hasta los 300 dias de lactacion.

Fueron constituidos, luego del parto, 3 tratamientos de 16 vacas cada uno, las cuales se
distribuyeron en 4 corrales, cada uno con 4 vacas.

Los tratamientos conformados fueron los siguientes:

CB-TMR: Sistema confinamiento con alimentacién 100% DTM, en establo con cama
caliente (Baja exposicion al ambiente)

CB-GRZ: Sistema mixto: pastoril intensivo mads DTM, en encierro en establo cama
caliente durante la suplementacion (Baja exposicion al ambiente)

OD-GRZ: Sistema mixto: pastoril intensivo mas DTM, en encierro a cielo abierto durante
la suplementacion (Alta exposicion al ambiente).

En los SM la pastura y la DTM se consideraron alimentos balanceados nutricionalmente
y la DTM se utilizé como complemento de la pastura para lograr el consumo deseado de
materia seca (MS). El horario de pastoreo en los SM desde octubre (31/10) hasta marzo
fue de 17:30 a 3:30 h (pastoreo nocturno).

La pastura ofrecida para ambos grupos (GRZ) estaba compuesta por Festuca (Festuca
arundinacea) en Octubre-Primavera (ML1) con una asignacién de 28kgMS/vaca/d. En
enero-Verano (ML2) las vacas accedieron a pastoreo de Soja (Glycine max) con una
asignacion de 46 kgMS/vaca/d. Al momento de la elaboracion de quesos (marzo-verano
tardio) la pastura ofrecida fue alfalfa y dactylis con una asignacion de 31 kgMS/vaca/d.
Las vacas pastoreaban en una parcela con ocupacion de 7 dias. El sistema de pastoreo
tuvo una carga anual de 2,5 vacas/hectarea de pastoreo.

En CB-TMR y CB-GRZ las vacas fueron confinadas en un establo completamente
techado con cama de compost (CB), ventiladores y aspersores (activados cuando la
temperatura supera los 25°C), protegidas de la radiacion solar, lluvia, barro y viento
(exposicion ambiental baja). Cada corral tenia 6 m de ancho por 13,5 m de largo (9 m de
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cama y 4,5 m de espacio de piso de cemento). El drea con cama de compost tenia una
superficie de 13,5 m2/vaca y el area con piso de cemento de 6,7m2/vaca (Figura 5, a 'y
b). En el tratamiento OD-GRZ, las vacas se confinaron en corrales al aire libre “cielo
abierto” con piso de tierra y sombra. Los corrales a cielo abierto (OD) tenian 46 m de
largo por 10,4 de ancho. Estaban compuestos por 2 potreros cada uno (que se alternaban
segun las condiciones de barro) con las siguientes medidas cada uno: 5,2 m de ancho por
46 m de largo (4rea sombreada: 4,8 m de ancho por 4 m de largo). El agua se dispuso ad
libitum para todos los tratamientos (Figura 5, c).

Figura 5: a). Galpon con corrales de cama de compost, ventiladores y aspersores (CB);
b). Vacas en el corral con piso de cemento y cama de compost; c¢). Corrales a cielo abierto
(OD).

Para cumplir con el objetivo especifico 3 se realizad un experimento en 2 etapas. En la
primera etapa se extrajeron muestras individuales de leche en primavera y verano. Todas
las vacas fueron ordefadas 2 veces al dia (5:00 am y 3:00 pm) y la produccion de leche
fue registrada individualmente. En 2 momentos especificos de la lactancia: ML1: 80 + 15
dias post parto (dpp) (Octubre: primavera) y ML2: 155 + 15 dpp (Enero: verano) fueron
colectadas muestras de leche individuales (muestras compuestas representativas de
ambos ordefies: am y pm), muestras de dieta totalmente mezclada (DTM) y pastura. La
produccion de leche individual fue registrada diariamente en cada turno (am — pm) por el
programa “dairy plan” (GEA). A partir de estos datos se calculd la produccion en kg/d.
De las muestras obtenidas se analiz6 el contenido y rendimiento de grasa total (% y kg/d)
mediante LactoScope FT infrarrojo (FTIR) (Delta Instruments, Drachten the Netherlands)
en COLAVECO in Colonia Suiza, Uruguay. La metodologia para la determinacion del
PAG en leche fue detallada en el capitulo 1- Articulo II.

Para cumplir con el objetivo especifico 4 a partir del disefio experimental descripto para
el objetivo 3, en una segunda etapa se realizaron elaboraciones de quesos tipo Dambo
(Figura 2). Este tipo de queso esta clasificado dentro de los quesos de pasta semidura
(MSP, 1994). El disefio experimental consistié en realizar elaboraciones de quesos a partir
de las muestras de leche obtenidas de 2 corrales por cada tratamiento, y en 2 semanas
consecutivas, constituyendo el total de los 4 corrales de cada tratamiento (Unidad
experimental=corral). En este proyecto se siguié una metodologia similar a la utilizada
por otros trabajos que han evaluado efectos del sistema de produccion sobre las
caracteristicas del queso (Bonanno et al., 2013; Esposito et al., 2014; O’Callaghan et al.,
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2017). A diferencia de los trabajos antes mencionados en el disefio para este proyecto se
utilizaron mayor numero de unidades experimentales (n=4). Cada elaboracion se realizd
con muestras de leche del corral “leche de pool” (MilkP) obtenidas del ordefie completo
de la mafiana y de la tarde (am y pm) (4 elaboraciones por tratamiento). Previa
homogenizacion, se extrajo la cantidad de 60 L, los que fueron mantenidos a 4°C hasta
su posterior traslado a la planta piloto del LATU, donde se realizaron las elaboraciones
(el transporte se realiz6 desde Paysandii a Montevideo en camion refrigerado a 4°C). Al
total de la leche recibida en planta (360 L), en el dia 1 se la someti6 a un proceso de
pasteurizacion HTST (high temperature-short time: 72°C durante 15 seg). Las
elaboraciones se realizaron de acuerdo con el siguiente esquema de elaboracion (Tabla

1.

Tabla 1: Disefio experimental de las elaboraciones Queso. CB: alto control ambiente; OD:
bajo control ambiente; TMR: dieta total mezclada; GRZ: sistema mixto (pastura mas
TMR).

Dia Semana 1 Semana 2
tratamiento corral tratamiento corral
1 CB-TMR 1 CB-TMR 3
1 CB-GRZ 1 CB-GRZ 3
1 OD-GRZ 1 OD-GRZ 3
2 CB-TMR 2 CB-TMR 4
2 CB-GRZ 2 CB-GRZ 4
2 OD-GRZ 2 OD-GRZ 4

En cada semana se realizaron 6 elaboraciones (12 en total) y el disefio se bloqued por
semana. Se determind el perfil de acidos grasos en la leche estandarizada (previo a la
elaboracion) y en los quesos luego de 30 dias de maduracion.

La produccion de leche (kg/d), grasa (kg/d) y porcentaje de grasa (%) y perfil de acidos
grasos (PAG) (%) se analizaron con un ANOVA para medidas repetidas utilizando el
GLIMMIX de SAS (SAS Studio). El modelo estadistico para produccién de leche, grasa
(produccién y porcentaje) y PAG incluyd como efectos fijos el tratamiento (CB-TMR,
CB-GRZ y OD-GRZ), momentos de lactancia (MLly ML2) e interaccion entre
tratamiento y momento de lactancia, la vaca se consideré como un efecto aleatorio dentro
de cada tratamiento. Para datos individuales de leche (objetivo 3), la unidad experimental
considerada fue la vaca, mientras que para MilkP y queso (objetivo 4) se considerd como
unidad experimental el corral y el tratamiento como efecto fijo. Para el objetivo 4, la
semana fue considerada como efecto aleatorio. En todas las variables se incluyeron como
co-variable los dias post parto (dpp). Las comparaciones post hoc se realizaron con la
prueba de Tukey-Kramer. Para una mejor visualizacion de los resultados, cuando se
analiza el conjunto de datos de ambos periodos (ML1 y ML2) en cada tratamiento, se
expresan como la media del tratamiento (AT). El conjunto de datos analizados de los tres
tratamientos (CB-TMR, CB-GRZ y OD-GRZ) en cada momento de lactancia (ML) se
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expresa como el promedio de ambos momentos de lactacion (AML), ya sea para el
momento de lactancia 1 (AML1) o ML2 (AML2). Las diferencias se consideraron
significativas con un o < 0,05 y tendencia cuando el valor de o se encontraba entre 0,05
y 0,10. Los datos se presentan como media + eem

Resultados principales- Articulo I1I

En este capitulo se presentan los principales resultados correspondientes a los objetivos
3 y 4. Con respecto al objetivo 3, en leche individual las vacas de ambos SM (CB-GRZ y
OD-GRZ) tuvieron mayor porcentaje de UFA, MUFA (p<0,001), C18:2 y C18:3 AG
(p<0,0001) y menor SFA, relacion n-6/n-3, indice aterogénico y trombocitogénico (Al y
TI) (p<0,001) que las del sistema estabulado en cama de compost (CB-TMR). Los
principales cambios en SFA fueron debidos a C4:0; C6:0; C8:0; C10:0y C12:0, los cuales
fueron mas altos en CB-TMR que en CB-GRZ y OD-GRZ. En relacion a los momentos
de lactacion, en ML1 (primavera) el porcentaje de n-3 en CB-GRZ fue mayor que en CB-
TMR (p=0,02), mientras que OD-GRZ no mostréd diferencias con CB-TMR. En ML2
(verano), las vacas del CB-GRZ tuvieron mayor porcentaje de n-3 que las del CB-TMR
(p=0,04). En ambos ML, la leche del CB-TMR tuvo mayor porcentaje de n-6 que los SM
(CB-GRZ y OD-GRZ; p<0,0001, p=0,001). Cuando se evalu¢ el efecto del ambiente
durante el confinamiento en los SM se observo que las vacas del CB-GRZ tuvieron mayor
porcentaje de n-3 y C18:3 que las del OD-GRZ (p=0,005 y p=0,001). Al comparar entre
estos sistemas en ambos ML, se observo que el CB-GRZ tuvo mayor porcentaje de n-3
que OD-GRZ (p=0,004) en ML1 (primavera), mientras que en ML2 no hubo diferencias
entre ambos sistemas. No se encontraron diferencias entre los SM en ninguno de los otros
AG estudiados. Por otro lado, ambos SM (CB-GRZ y OD-GRZ) presentaron mayor
proporcion de AG de origen mixto (C16:0y C16:1) en ML2 con respecto a ML1 (p=0,002
y p=0,0007; respectivamente), de los cuales el C16:0 fue el que predomind en esas
diferencias entre ambos ML para los SM (p=0,002 y p=0,004, respectivamente).

En una segunda etapa (objetivo 4) se analizo como las diferentes condiciones ambientales
durante el encierro en los SM afectaron la calidad de la grasa en MilkP, su repercusion en
los quesos y a su vez se compararon ambos grupos con el sistema CB-TMR. La leche de
MilkP y quesos del tratamiento CB-TMR tuvo mayor porcentaje de n-6 y relacion n-6/n-
3 que CB-GRZ y OD-GRZ (p<0,01). En MilkP el porcentaje de n-3 fue menor en CB-
TMR que en CB-GRZ y OD-GRZ (p<0,0001), pero en quesos si bien en CB-TMR el
porcentaje de n-3 fue menor que CB-GRZ no hubo diferencias con el OD-GRZ (p=0.03).
No hubo diferencias en ningiin AG entre ambos sistemas mixtos, tanto en MilkP como
en los quesos.

Discusion — Articulo IT1

Los resultados confirman que tanto la leche como los quesos obtenidos de SM presentan
un PAG mas saludable para el consumo humano en comparacidon con vacas en
confinamiento en acuerdo con (Alothman et al., 2019; Hirigoyen et al., 2018; Maniaci et
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al., 2021; O’Callaghan et al., 2016, 2017). Estas diferencias en el PAG entre SM y CB-
TMR podria deberse al mayor aporte de precursores de AG en leche en los SM, como
C18:2 y C18:3, los cuales son proporcionados por la pastura (Elgersma, 2015; Moscovici
Joubran et al., 2021).

Por otro lado, en los SM con diferente exposicion al ambiente durante el confinamiento
se observd que las vacas que tuvieron menor exposicion (CB-GRZ) lograron mejor
calidad de la grasa lactea (mayor porcentaje de n-3 y C18:3) en comparacion con las vacas
con alta exposicion (OD-GRZ). Sin embargo, en verano no fueron observadas diferencias
entre los tratamientos en leche individual, MilkP, ni quesos. En primavera (ML1), cuando
las vacas estuvieron expuestas a la lluvia y barro durante el encierro (OD-GRZ), se
observd un impacto negativo en el PAG de la leche (menor contenido de n-3) en
comparacion con CB-GRZ. Como fue evidenciado por Pons et al. (2021) y Pons (2022),
(datos relevados en este mismo experimento), los corrales de OD-GRZ presentaron altos
niveles de barro en toda la superficie en el momento que coincide con el muestreo de
leche en primavera (ML1). Debido a las malas condiciones ambientales, se puede asumir
que las vacas disminuyeron el tiempo que se encontraban echadas durante el encierro en
OD-GRZ compensando el mismo durante el pastoreo. Esto se sustenta en los datos
también hallados en este mismo experimento, que cuando ocurrieron condiciones
extremas (lluvia acumulada) las vacas del OD-GRZ se echaron con menor frecuencia
durante el encierro y lo hicieron con mayor frecuencia en el pastoreo en comparacion con
las vacas del CB-GRZ (Pons, 2022). La implicancia de las malas condiciones de los
encierros a cielo abierto (ej: exceso de barro por lluvias) sobre las variables de
comportamiento (disminucion de la frecuencia de rumia y echado) coincide con lo
reportado en estudios previos (Cook et al., 2005; Krawczel et al., 2009) e incluso con lo
observado en el primer objetivo de esta tesis. En base a lo anteriormente mencionado y
en relacion a los resultados, se puede especular que el cambio de estrategia de las vacas
del OD-GRZ (por las malas condiciones del encierro) pudo disminuir el consumo de
pastura (Cooper et al., 2007; Schiitz et al., 2019) lo que repercutié en menor contenido de
n-3 en la leche, en comparacion con CB-GRZ en primavera.

Contrariamente a la hipdtesis original, no se encontraron diferencias en PAG en leche
entre ambos SM durante el verano (ML2), lo que podria deberse o explicarse por algunas
razones. En primer lugar, no hubo ITH altos, como seria de esperar en la region en esta
temporada, ni precipitaciones abundantes durante los dias previos al muestreo de leche
individual (ML2) (ITH = 67; promedio 10 dias previos). En segundo lugar, las
instalaciones de OD-GRZ contaban con suficiente sombra por animal y agua ad libitum,
lo que podria haber contribuido a mitigar los efectos negativos del verano en OD-GRZ,
tal como fue reportado por Roman et al., (2019), sin repercusiones negativas en el PAG.
Es importante destacar que si bien el tratamiento OD-GRZ intent6 simular las condiciones
de los SM a cielo abierto del pais, tenia caracteristicas de infraestructura que ofrecia
mejores condiciones para el confort de la vaca, en comparacion a muchos de los encierros
a cielo abierto de los sistemas lecheros del pais. Cada potrero tenia un espacio de sombra
por vaca de 4,8m? (techo de nylon a una altura de 4,5 metros); bebederos debajo del techo
con agua fresca ad libitum y comederos de concreto con un area de 1,3 m/vaca. Ademas,
cada corral estaba dividido en 2 sub corrales, que se alternaban cuando las condiciones
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del piso (exceso de barro) no eran las adecuadas. Por lo que, la buena gestion de la
infraestructura, tareas de mantenimiento de areas de comedero y descanso, buena sombra
y agua disponible ad libitum, pudo haber atenuado los efectos negativos de dicha
exposicion. Con base en todo lo anterior, bajo las condiciones realizadas en este estudio
y las particularidades ambientales del encierro a cielo abierto, los efectos negativos del
estrés caldrico en las vacas OD-GRZ probablemente no fueron tan extremas, no
reflejandose cambios en el PAG de la leche en verano.

En relacion a las diferencias en el PAG en MilkP y queso entre los SM (objetivo 4), se
hipotetizaba que si las vacas del OD-GRZ sufrian mas estrés por calor durante el verano
(por mayor exposicion al clima durante el encierro), esta mayor respuesta de estrés tendria
un impacto negativo no solo en la leche, sino también en el producto final, el queso. Sin
embargo, en linea con lo mencionado anteriormente para leche individual (objetivo 3), la
mayor exposicion al ambiente durante el encierro en SM en verano tampoco afectd el
PAG en MilkP, ni en queso. Probablemente, como se comentd para el objetivo 3, las
buenas condiciones del confinamiento a cielo abierto y las caracteristicas del ambiente en
los momentos cercanos al muestreo, no generaron grandes cambios en los animales que
afectaran la calidad de la leche y queso. En relacién a esto, cuando se tomaron las
muestras de MilkP para las elaboraciones de quesos, los valores de ITH no fueron
considerados “severos” [fluctuaron entre 71 a 62; (Bernabucci et al., 2014; Kic, 2022)].
Estas fluctuaciones en valores considerados “no criticos” pudo haber mitigado el estrés
caldrico en las vacas y por lo tanto no haberse afectado el PAG en los quesos de los
diferentes SM. A su vez, otra posible explicacion podria ser que los quesos fueron
elaborados al final de la lactancia, y segtn lo reportado por Roman et al. (2019), el estrés
caldrico en esta etapa de la lactacion, tendria menor efecto sobre los solidos en
comparacion con el inicio de la lactancia. Por lo tanto, el PAG en leche, MilkP y quesos
no difirié en el verano, lo cual pudo estar influenciado principalmente por el buen manejo
y las condiciones de las instalaciones de OD-GRZ a pesar de ser un encierro a cielo
abierto.
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DISCUSION GENERAL

Las medidas de manejo que se realizan en el verano en los sistemas lecheros son claves
para mitigar los efectos del estrés por calor que sufren principalmente las vacas en los SM
con partos de primavera (lactancia temprana - media). Por lo tanto, en el primer capitulo
se evalu6 como las vacas se adaptan a los cambios desde un manejo de SM (doble
pastoreo) a un encierro total (100% DTM) con cielo abierto (objetivo especifico 1) o aun
SM con un solo pastoreo nocturno (objetivo especifico 2), ambos en comparacion con
vacas en encierro permanente a cielo abierto (GTMR).

En el primer objetivo (Articulo I) se pudo demostrar que el cambio desde SM (con doble
pastoreo) hacia un encierro total a cielo abierto, fue positivo desde el punto de vista de la
produccion y metabolismo, pero mostraron cambios negativos en el comportamiento, lo
que sugiere que las vacas tuvieron dificultades en adaptarse a los cambios abruptos del
sistema en el corto periodo de tiempo. En tal sentido, este trabajo resalta que aunque el
cambio desde un SM a un encierro 100% DTM durante el verano presentd algunas
ventajas en las variables productivas y metabolicas, estos indicadores no necesariamente
implican mejoras en el bienestar. De hecho, algunos comportamientos se afectaron
negativamente, lo que permiti6 inferir problemas en el bienestar de las vacas, al menos
en los primeros dias luego del cambio. Estas dificultades de adaptacion de las vacas
observadas en el GCHD (cuando cambiaron al encierro total), también podrian ser causa
de las condiciones de la infraestructura del encierro. Dado que al tratarse de un encierro
a cielo abierto, la exposicion a las condiciones ambientales en este tipo de instalaciones
(lluvia, barro, radiacién solar) pudieron generar algunas dificultades cuando las vacas
dejaron de acceder a la pastura.

Con respecto al GTMR (Capitulo 1), también se podria especular que este tipo de encierro
tuvo algunas limitantes, no siendo del todo eficiente en la mitigacion del estrés calorico
en el verano. Esto se podria sustentar en que la PL comenz6 a disminuir a partir de la
semana 9 lo que coincidié con los momentos que el ITH empezd a aumentar (Articulo I).
Dado que en este sistema las otras condiciones: alimentacion (DTM) y el lugar donde se
encontraban las vacas (confinamiento a cielo abierto) no fueron cambiadas, se podria
inferir que las vacas pudieron estar afectadas por el estrés calorico, lo que pudo haber
repercutido negativamente en la PL. Esto coincide con lo reportado por Becker et al.
(2020) y Kumar et al. (2020), quienes afirman que el estrés caldrico afecta la PL y s6lidos.

En base a la informacion generada en el primer Capitulo, en el segundo Capitulo se
implemento¢ el sistema de encierro en cama de compost, con el objetivo de lograr un mejor
control del ambiente y alimentacion y una menor exposicion de las vacas al clima exterior
(baja exposicion) durante el encierro (tanto para el encierro total: CB-TMR como para el
sistema mixto: CB-GRZ). En relacién a esto ultimo, es claro que las condiciones de la
infraestructura de los encierros en los sistemas lecheros son clave para lograr mitigar los
efectos negativos de las condiciones climaticas (sobre todo en verano) en las vacas
lecheras. Al mejorar estas condiciones, las vacas logran mejor bienestar lo que incide en
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las variables respuestas de interés para los productores e industria (PL, solidos, calidad
de leche).

Existen extensos reportes que han demostrado que los sistemas en confinamiento
(encierros totales 100% DTM), presentan desventajas comparativas en relacion a los SM.
Estas desventajas han sido enfocadas basicamente en que poseen mayores costos de
produccion (Farina & Chilibroste, 2019), peores condiciones de bienestar (Arnott et al.,
2017) y menor calidad de leche, principalmente relacionada a la calidad de la grasa
(Alothman et al., 2019; Barca et al., 2018; Mendoza et al., 2016; Pastorini et al., 2019).
Es por esto que para el segundo objetivo se ensayd como medida de manejo, mantener un
SM con un solo pastoreo nocturno en el verano (GTMR+P) con el fin de maximizar las
ventajas de los sistemas pastoriles (en comparacioén con el cambio de SM a encierro total
realizado en el primer objetivo). Como era de esperar, contar con presencia de pastura en
la dieta en las vacas, resulté en un PAG mas saludable en comparacion con las estuvieron
siempre confinadas tanto en sistemas a cielo abierto (GTMR) como con las que cambiaron
de SM a confinamiento en el verano (GCHD; Articulo II). Estda misma tendencia fue
observada al comparar SM con pastoreo nocturno en el verano (CB-GRZ y OD-GRZ) vs.
vacas encerradas en sistema con cama de compost (CB-TMR, articulo III). En
concordancia con lo anterior, se pudo demostrar que los quesos elaborados de SM (CB-
GRZ o0 OD-GRZ) presentaron mejor calidad de la grasa lactea en comparacion con vacas
en encierro total (CB-TMR), coincidiendo con Esposito et al. (2014). Por lo tanto, segin
estos resultados, el SM con pastoreo nocturno seria una buena alternativa de manejo en
el verano por presentar mayor proporcion de AG considerados saludables para la salud
humana en comparacion con vacas en confinamiento, tanto en encierros a cielo abierto
(GTMR)- Capitulo 1 como en cama de compost (CB-TMR)- Capitulo 2. Esta mejor
calidad de la grasa lactea de los SM estaria determinada por mayor concentracion de
MUFA, PUFA, C18:2 (CLA) y C18:3 (n-3), menor proporcion de SFA y n-6/n-3, asi
como menor Al y TT (Ferlay et al., 2017; Mollica et al., 2021) en comparacién con CB-
TMR.

Como se coment6 anteriormente el tipo y estado de la infraestructura en los sistemas
lecheros repercute en el bienestar animal, en las variables productivas y en la calidad de
leche. En relacion a esto y en base a la importancia que tienen los SM en Uruguay, se
evalu6é como la infraestructura de los encierros en SM (encierros parciales en sistemas
intensivos con alta carga animal) afectaria la calidad de la leche y quesos. En este sentido,
en nuestro trabajo sugerimos que la menor proporcion de n-3 en leche que presentaron
las vacas del OD-GRZ en comparacion con CB-GRZ en ML1 (primavera) pudo deberse
a que las condiciones climaticas (lluvias) empeoraron las condiciones del corral a cielo
abierto (alta exposicion). En consecuencia, las vacas debieron cambiar su estrategia de
comportamiento (meno echadas en el corral compensando ese comportamiento en la
pastura), lo que pudo afectar el consumo de pasto y por lo tanto el PAG de la leche (menor
n-3 en leche que el CB-GRZ). Esto coincide con lo reportado por Tucker et al. (2021),
quienes reportan que si las vacas estdn en condiciones desfavorables cuando no estan
pastoreando, al momento del pastoreo sacrifican tiempo de comiendo a favor del echado,
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dado que prefieren descansar que comer. Sin embargo, en verano, no se observaron
diferencias en ningun AG, ni en leche individual, MilkP, ni quesos (Articulo III). En
leche, estos resultados podrian explicarse en primer lugar por las buenas condiciones de
las instalaciones en los corrales del OD-GRZ a pesar de ser un encierro a cielo abierto.
Ademas, en los dias previos a la extraccion de leche en ML2 no se registraron condiciones
climaticas extremas (ITH por encima de 72). Con respecto a los quesos, ademas de las
condiciones de los corrales, se suma el hecho que fueron elaborados en lactancia tardia.
Por lo tanto, si bien la lluvia durante la primavera afecté el PAG de la leche de forma
negativa, en el verano no hubo diferencias entre los SM. Por lo que se podria pensar que
esta infraestructura de los encierros a cielo abierto (agua ad libitum, sombra y una buena
gestion de los corrales) permitio a las vacas transitar el verano sin repercusiones en la
calidad de la grasa lactea en leche y quesos, no asi cuando se presentaron precipitaciones
que afectaron negativamente la infraestructura de los corrales (barro).
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Implicancias

Es claro que los sistemas en confinamiento (100% DTM) tienen ventajas desde el punto
de vista de la produccion de leche (cantidad de litros y solidos), pero presentan un PAG
menos saludable para los consumidores, en comparacion con los sistemas con pastoreo.
Esto se observa tanto en leche como en los quesos. En base a los resultados de este
proyecto, mantener un pastoreo nocturno como medida de manejo en los sistemas
lecheros en vacas con partos de primavera en verano, fue una mejor alternativa en
comparacion con el cambio de SM (doble pastoreo + DTM) hacia un encierro total a cielo
abierto (confinamiento 100% DTM). El SM con un tinico pastoreo nocturno mantuvo las
ventajas de los SM como calidad de leche superior (perfil de acidos grasos mas saludable)
(comprobado en este trabajo), ademas de mejor bienestar para las vacas y menores costos
productivos, como ha sido ampliamente reportado (Charlton y Rutter, 2017; Arnott,
2016). Si bien en esta tesis no se evaluo el bienestar en el GTMR+P en el verano, se puede
afirmar que las vacas que cambian a encierro total sufren algunos problemas de bienestar
en el corto periodo de tiempo. Por lo tanto, en situaciones en que sea necesario la
estabulacion completa a cielo abierto, deberan tenerse en cuenta las instalaciones para
garantizar el descanso de las vacas y en consecuencia un adecuado bienestar.

Una de las desventajas de los SM, es la exposicion a condiciones meteorologicas que son
sometidos los animales, sobre todo cuando estas son extremas (olas de calor,
precipitaciones copiosas y formacion de barro). Las condiciones de las instalaciones
donde se encuentran las vacas cuando no estan pastoreando en SM (encierros parciales)
son claves para mitigar los efectos del clima. En el caso de las vacas con partos de
primavera esas instalaciones deben fundamentalmente atenuar el efecto del estrés caldrico
al que estan propensas y por lo tanto disminuir las repercusiones negativas en las variables
productivas, bienestar y calidad de leche. Las condiciones a cielo abierto de este ensayo
(OD-GRZ) resultaron en un PAG en leche y quesos saludables (sin diferencias con el
encierro controlado: CB-GRZ) y sin repercusiones negativas en el verano tanto en leche
como en quesos. Esto sugiere que mantener SM con un solo pastoreo nocturno en el
verano, con encierros a cielo abierto podria ser una buena alternativa en relacion a la
calidad de la grasa lactea de leche y quesos. Esta afirmacion se sostiene siempre y cuando
las instalaciones estén correctamente dimensionadas (agua ad libitum, sombra suficiente
por animal) y se realice un buen manejo del corral (condiciones de suelo, acceso a
comederos).
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CONCLUSIONES

1. El cambio de manejo de SM a encierro total (100% DTM) de forma abrupta fue
favorable en las variables productivas y fisioldgicas, como produccion y
composicion de la leche y metabolicas. Sin embargo, en relacion al
comportamiento, las vacas expresaron dificultades en adaptarse rapidamente a los
cambios en un corto periodo de tiempo. A su vez, este cambio de sistema, tuvo
efectos negativos en el PAG (disminucién del contenido de AG saludables). Por
otro lado, se concluye que mantener un pastoreo nocturno en el verano fue
favorable en el PAG en comparacion con el grupo que cambi6 a encierro total. Por
lo tanto, mantener SM con pastoreo nocturno podria ser una mejor alternativa de
manejo en el verano, para mantener una calidad de grasa lactea saludable desde el
punto de vista de los consumidores en comparacion con el cambio a
confinamiento total.

2. Los cambios mas importantes en el PAG de la leche, MilkP y quesos fueron
debidos a la presencia de pastura en la dieta mas que por las condiciones de las
instalaciones durante el encierro en SM, sobre todo en verano. Esto fue
evidenciado por mayor contenido en AG insaturados (principalmente
monoinsaturados), menor contenido de AG saturados y menor relacion n-6/n-3 en
leche en vacas de SM en comparacion con CB-TMR. Esta misma tendencia se
observé en MilkP y quesos (mayor n-3 y menor n-6 y relaciéon n-6/n-3) en SM en
comparacion con CB-TMR. Con respecto a las condiciones durante el encierro en
los SM, la leche de las vacas del CB-GRZ presentaron altos porcentajes de n-3 y
C18:3 (benéficos para el consumo humano) en comparacion con OD-GRZ,
aunque no se observo efecto de las condiciones del encierro en MilkP ni en quesos
en los SM.
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1 | INTRODUCTION
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Abstract

This study aimed to determine if a diet change from a mixed system to a confinement
system affects the milk production and composition, behavior and blood biochemis-
try of dairy cows. Cows were assigned randomly to one of the two treatments: cows
fed with TMR (total-mixed-ration) (confined) throughout the period group fed TMR
(GTMR, n = 15) and cows that changed their diet from pasture plus TMR to exclusive
TMR at 70 + 14 DIM (GCHD, n = 15). GTMR cows produced more milk and greater lac-
tose and protein yield before the change of diet than GCHD cows (p < .01), but these
differences disappeared after the change. GCHD cows decreased the frequency of
rumination and lying from before to after the change (p < .03), but in GTMR cows
no changes were observed. After diet change, GCHD cows had lower frequency of
rumination and lying than GTMR cows (p < .02). Before the change, GCHD cows had
greater NEFA (non esterified fatty acids) concentrations than GTMR cows (p = .002).
Abrupt change from a mixed system to a confined system was favorable on blood
biochemical and milk variables of dairy cows. However, in relation to behavior, the

cows expressed difficulties to adapt quickly to the abrupt change of system.

KEYWORDS

dietary change, housed system, pasture-based system, rumination behavior, welfare

Verdier-Metz, Buchin, Hurtaud, & Coulon, 2005). From the ani-

mal welfare point of view, pasture-based dairy systems are con-

Different dairy production systems influence milk composi-
tion and production, physiology, behavior, and animal welfare.
Pasture-based dairy systems have productive advantages com-
pared with confinement systems, such as low production costs
and improvements in milk quality, e.g.: fatty acid profile (Barca
et al.,, 2018; Bargo, Delahoy, Schroeder, Baumgard, & Muller,
2006; White, Benson, Washburn, & Green, 2002; White et al.,
2001) and industrialization products, such as cheeses (Martin,

sidered a natural environment for dairy cattle (Clutton-Brock,
1987) since it allows the expression of the normal behavior of the
species, such as grazing (Olmos et al., 2009). Overall, the cows
spend between 90% and 95% of the day grazing, ruminating, and
resting in pastoral systems (Kilgour, 2012) and all these behaviors
are considered as positive indicators of animal welfare (Krawczel
& Grant, 2009; Olmos et al., 2009; Roca-Fernandez, Ferris, &
Gonzalez-Rodriguez, 2013). In this sense and in comparison with
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confinement systems, pasture-based system has advantages on
the animal welfare.

On the other hand, with regard to productive disadvantages,
cows in pasture-based systems consume less dry matter and have
less milk yield than in confinement systems (Fontaneli, Sollenberger,
Littell, & Staples, 2005; Kolver & Muller, 1998). Besides, cows in pas-
ture conditions are more exposed to extreme environmental vari-
ations, which can affect their physiology, production and welfare
(Schitz, Rogers, Poulouin, Cox, & Tucker, 2010). For example, in sum-
mer, high environmental temperatures and humidity (heat stress) af-
fects the production and milk composition, health and reproduction
(Bernabucci et al., 2010, 2015; Cowley, Barber, Houlihan, & Poppi,
2015; Jordan, 2003). Thus, due to the fluctuation in the availability
of forage that occurs at different times of the year (Bargo, Muller,
Delahoy, & Cassidy, 2002; Chilibroste, Soca, Mattiauda, Bentancur, &
Robinson, 2007; Wales et al., 2013) and adverse weather conditions
(heat stress), confinement system with access to shade is used as an
alternative managementin dairy cattle to reduce the negative effects
on milk production and improve animal welfare (Charlton & Rutter,
2017; Schiitz et al., 2010;). In this sense, total mixed ration (TMR) has
been strategically incorporated to increase total dry matter (DMI)
and energy intake to ensure an adequate balanced supply of nutri-
ents in quality and quantity throughout the year. In this way, it is eas-
ier to meet the nutritional requirements of dairy cows and therefore
achieve a better productive level (Bargo, Muller, Kolver, & Delahoy,
2003; Cajarville, Mendoza, Santana, & Repetto, 2012; Charlton,
Rutter, East, & Sinclair, 2011; Fajardo et al., 2015; Soriano, Polan, &
Miller, 2001). Then, the use of confinement system as strategies of
management could be an alternative to mitigate the climatic con-
ditions in summer and minimize the negative effects on milk yield.
Therefore, achieving the best use of the different production sys-
tems according to environmental variations and respecting the wel-
fare is a challenge.

Due to the fact that the “welfare of an individual is its state as
regards its attempts to cope with its environment” (Broom, 1986)
changes in systems and environments can affect animal welfare.
However, there is little information, about how cows adapt to these
changes of management and feeding. In addition, the available in-
formation was focused on a change of diet from TMR to pasture.
In these studies, the way cows responded to these changes (from
TMR to pasture system) was evidenced through the concentra-
tions of several blood parameters (insulin concentration decrease,
nonesterified fatty acids (NEFA) and beta-hydroxybutyrate (BHB)
concentration increase), lower milk production, and by decreases in
DMI and body conditional score (BCS; Agenas, Holtenius, Griinari,
& Burstedt, 2002; Astessiano et al., 2017; Schéren et al., 2016).
If the change is made gradually (per 10 weeks), the cows show
a negative effect on blood parameters and milk during the first
week; but after, they adapted to the new system (recovery of body
weight, lower concentration of NEFA, greater DMI and decrease
in energy deficit), although they maintained negative energy bal-
ance and high levels of BHB (Schiren et al., 2016). They evaluated
how the gradual inclusion of pasture in cows maintained in TMR

systems affects blood parameters and milk. However, according
to our knowledge, there is no information on how the cows adapt
to the abrupt change from a mixed system (grazing plus TMR) to
a single system in confinement (TMR) with an integrated perspec-
tive that includes/covers blood, milk and behavioral parameters.
We hypothesize that the abrupt change from a mixed to a confine-
ment system improves milk production and composition and met-
abolic profile, but negatively affects some behavioral indicators of
welfare in dairy cows. Therefore, the objective of this study was
to determine if a diet change, from a mixed system (grazing plus
TMR) to confinement system (100% TMR) affects milk production
and composition, behavior, and blood biochemistry of dairy cows.

2 | MATERIALS AND METHODS

2.1 | Location, animals, and treatments

Experimental protocol was evaluated and approved by the Comision
Honoraria de Experimentacion Animal (CHEA), Universidad de la
Republica, Montevideo, Uruguay. The study was conducted at the
commercial farm located in the department of Paysandu, Uruguay.

Thirty multiparous Holstein dairy cows with mean date of calv-
ing on September 15th+ 13 days, number of lactations of 3.1 %
1.2 and an average live weight of 660 + 82.1 kg were used. All
cows were under the same management and feeding conditions
throughout the 21days before expected calving date (prepartum
diet). Cows were blocked by calving date, number of lactation,
pre-calving body condition and live weight and randomly assigned
to one of the two following treatments immediately after calv-
ing: cows confined and fed with TMR ad libitum (GTMR, n = 15)
throughout the period and cows that changed their diet (GCHD,
n = 15) from a mixed system (pasture plus TMR) to a single TMR
system, in the same way as GTMR.

Diet change in GCHD was carried out from November 16th, ac-
cording to historical records of Temperature-humidity index (THI)
values in the region. This change of management from mixed sys-
tems to systems in confinement, which is usually done at the be-
ginning of summer, is called in some farms of the region as "summer
management". This date (November 16th) corresponds to the sec-
ond month of calving (2M), 70 + 14 DIM (week 9).

The TMR was offered from 11:00 to 15:00 in both groups (ad
libitum), in open stalls with and access to water. Feeders covered
(70 x 3 m) with concrete floor and metal roof and an area with dirt
floor without roof but with shade in each group (50 x 35 m). Both
groups were in the same environment and confinement system
but in different and adjacent pens. The drinking troughs were plas-
tic-made (3.76 x 0.76 x 0.44 m; Figure 1). GCHD group cows were
grazing in two sessions (08:00-11:00 and 19:00-06:00 hr) after
each milking and fed with TMR in one session (11:00-15:00 hr, until
milking in the afternoon) equivalent to 25% of that received by the
GTMR. The pasture used was composed of Festuca arundinacea and
Dactylis perseo. The herbage allowance was ample over 40 kg/cow of
dry matter (4 cm above ground level).
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FIGURE 1 Barndiagram. GTMR: barn where cows were in
confinement system during all experiment. GCHD: barn where
cows were fed with TMR before change (mixed system) and after
diet change with only TMR. : Feeders covers, : concrete floor, :
drinking troughs, : shade. Feeders covers and concrete floor were
covers with metal roof. The others places were “open” with dirt
floor and without roof. Both barns were separate with wire fence

2.2 | Feed chemical composition

Ration components were analyzed by near-infrared spectro- scopy
(methods 167.03, 42.05, and 984.13; AOAC, 1990). Neutral deter-
gent fiber (NDF) and acid detergent fiber (ADF) were measured se-
quentially (Van Soest, Robertson, & Lewis, 1991) without sodium
sulphite in the neutral detergent solution) using an ANKOM200
Fibre Analyzer (ANKOM Technology Corp.). NDF was assayed with-
out a heat stable amylase. Both fiber contents were expressed inclu-
sive of residual ash.

Total Mixed Ration (TMR) consisted of silage of whole sorghum
plant (33%), dry grain of sorghum (12.5%), citrus pulp (10%), canola
expeller (16.5%), sorghum burlanda (10%), and soybean husk (16%).
In addition, a premix of minerals and vitamins formulated to measure
(1.3%) and urea (0.2%) was added (Table 1).

Prepartum diet consisted of whole sorghum plant silage (51%),
Corn grain (26%), Canola meal (21%), CaCo3 (0.4%), Insalmix®
(0.6%), Prepartum Bovigold® (1.0%). The chemical composition
of prepartum diet was: crude protein (CP): 19.9%; ether extract
(EE): 2.4%; neutral detergent fiber (NDF): 36%: acid detergent
fiber (ADF): 19%; dry matter (DM): 88.5%; Calcium (Ca):0.5%;
Phosphorus (P): 0.5%.

TABLE 1 Mean chemical composition
of samples of the total mixed diet (TMR)
and herbage hand clipped in the months
of the experiment (%DM)

Feed

Festuca + Dactylis
Festuca + Dactylis
TMR
TMR
TMR

2.3 | Consumption of TMR

The TMR consumption was estimated by difference between the
feed offered and rejected (each groups) in two consecutive days
each week. Consumption of TMR (kgDM/cows) was in week 8 (be-
fore change): GTMR: 27.6kgDM, GCHD: 8.4kgDM; in week 10 (after
change) GTMR: 26.4kgDM, GCHD: 27.1kgDM and in week 14 (one
month after change) GTMR: 25.2kgDM, GCHD: 25.2kgDM.

2.4 | Temperature-humidity index

Mean and maximum THI value, were recorded during study period.
The mean THI values recorded in each month were in October:
59.8 + 3.2, November: 64.2 + 2.4, and December: 67.8 £ 2.5. The
maximum THI values registered for each month (October, November

and December; Figure 2).

2.5 | Body condition score, sampling
procedures, and laboratory analysis

The body condition score (BCS) was registered every 15 days (scale
1 = emaciated, 5 = fat) by one trained observed using the scale of
Edmonson, Lean, Weaver, Farver, and Webster (1989).

All cows were milked twice a day at 06:30 and 15:30 hr. Milk
production was individually recorded with Waikato® meters. Milk
samples were taken at one month of lactation (week 4 and 5), at
two month of lactation (before changing: week 8 and after chang-
ing: week 9 and 10) and three month of lactation (week 12 and 14;
Figure 3). Analyzes for the determination of milk composition (fat,
total protein, lactose) were performed using: LactoScope FT infrared
(FTIR; Delta Instruments, Drachten the Netherlands). Milk yield and
composition were analyzed as an average of the two daily milkings.

Blood samples were taken from coccygeal vein into 5-ml, after
morning milking, at one month of calving (week 4), at two month
of calving (before changing: week 8 and after changing: week 10),
and three month of calving (week 12 and 14; Figure 3). The samples
were centrifuged at 2,500 x g, 10 min to obtain the serum. The
serum was aliquotted and stored at -20°C. Blood biochemistry
was analyzed in the Laboratorio de Endocrinologia y Metabolismo
Animal, Facultad de Veterinaria, Universidad de la Republica ac-
cording to the following colorimetric methodologies: total proteins
(TP): Biuret reaction; albumin: Bromocresol green, creatine kinase
(CK): immunoinhibition; urea: UV GIDH; cholesterol: CHOD-PAP,

Month CP EE NDF ADF ©
October 13.56 2.29 48.94 24.01 10.05
November 12.63 1.23 55.1 2731 10.5
October 16.8 3.48 40.4 22.34 6.5
November 17.35 3.75 38.41 20.99 5.44
December 16.59 3.14 35.66 20.51 6.03

Abbreviations: ADF, acid detergent fiber; C, Ash; CP, crude protein; EE, ether extract; NDF, neutral

detergent fiber.
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Z - blood samples; . behavior determination;
arrow indicates date of change of diet in GCHD.

calcium: o-cresolphtaleine; phosphorus: phosphomolybdate UV;
aspartate aminotransferase (AST); and alanine aminotransfer-
ase (ALT): IFCC optimized (37°C). For all these determinations
commercial kits were used from the Wiener laboratory (Rosario,
Argentina). For CK, BioSystem commercial kits were used. The
equipment used was the Vitalab Selectra 2 automatic autoana-
lyzer (Vital Scientific, Dieren, Netherlands). The concentration of
NEFA was determined by the ACS-ACOD method (NEFA-C kit;
Wako Chemicals) and BHB by the d-3-hydroxybutyrate kit (Randox
Laboratories Ltd.). The controls used were those included in the
kit and internal laboratory controls. The concentration of globulins
was determined by the difference between the concentration of
total proteins and albumin. The interassay and intraassay CV for all
determinations was less than 10%

2.6 | Animal behavior

Cows of each treatment were identified with different color (red
and blue) collars and numbers drawn on the body to individualize
each animal, two days before starting the evaluation. Behavior of
individual cows (ruminating, lying, walking, and eating (grazing or
TMR; Table 2) were recorded with instantaneous scan sampling
every 10 min, performed by two observers simultaneously one in
each group (Schiitz et al., 2010). Data were recorded during two

s

11 13 15 17 19 21 23 25 27 29 31

FIGURE 3 Experimental design.
Moments (post calving weeks) in which
the determinations of blood, behavior, and
milk samples were made

rs

13 14

: milk samples. Dotted

observation periods daily (08:00-11:00 and 12:00-15:00 hr) for
three consecutive days to first and third month after calving (1M and
3M respectively) and for six consecutive days to second month after
calving (2M): 3 days before (2M-B) and 3 days after (2M-A) change
diet made in GCHD (Figure 3).

2.7 | Statistical analyses

Data of BCS, behavior, milk production, milk composition, and blood
biochemistry were analyzed by repeated measures using the PROC
MIXED of SAS (SAS Institute Inc., 2004). The BCS, milk yield, milk
composition (percentage and yield), and blood biochemistry were ana-
lyzed as fixed effects of treatment (GTMR or GCHD), time (weeks) and

interaction between treatment and time. The cows in each treatment

TABLE 2 Behaviors observed and their respective descriptions

Behavior Description

Lying Lying down in any resting position

Walking All four legs are moved with head raised or not

Eating: Grazing/ Picking or consuming pasture/TMR, with the
TMR head above ground, still or moving slowly

Ruminating Chewing movements without feed in the

mouth, regurgitation of feed, or both



GRILLE ET AL.

. 5
Sl 5-WILEY--

were considered as a random effect. In BCS, milk and blood variables,
post calving days was included as co-variable. Behavior variables were
analyzed separately in each month (1M, 2M, and 3M) and the results
are presented as average of 3 days in each period. In October (1M) and
December (3M) the model considered the treatment (GTMR or GCHD)
as fix effect and in November the treatment (GTMR or GCHD) and in-
teraction between treatment and period were considered (2M-B and
2M-A) as fix effects. Post hoc comparisons were performed with least
significant difference (LSD). Results were considered significant at o

<0.05. Data are presented as mean + SEM.

3 | RESULTS

3.1 | Milk production, milk composition, and body
condition score

There was not effect of the treatment in milk, lactose, and protein
yield ([kg/d] (p > .30). All these variables showed an interaction be-
tween treatment and time (p < .0001, Figure 4). Milk yield in week 9
was greater in GTMR than in GCHD (p = .009, Figure 4a). Milk yield
increased from week 4 to 9 (p < .0001) and decreased from week 9 to
14 (p < .0001) in GTMR, while that in GCHD increased from week 9
to 10 (p < .0001) and then remained stable until week 14 (Figure 4a).
The GTMR cows had greater lactose yield in week 8 and 9 than GCHD
cows (p = .01 and p = .002, respectively, Figure 4b). In GCHD, lactose
yield decreased from week 4 to 9 (p = .01) and increased from 9 to 10
(p < .0001) and then remained at high level until week 14. In GTMR,
lactose yield increase from week 4 to 9 (p = .004) and decreased from
week 10to 14 (p =.001). Protein yield had similar patterns to the lactose
yield (Figure 4c). Fat yield did not show effect of treatment (p = .40)
or interaction between treatment and time (p = .12). The differences
found between groups (GTMR vs. GCHD) in milk, lactose and protein
yield one week before change disappeared after diet change (p > .05).
The percentage of fat was greater in GCHD than in GTMR (3.2 + 0.1%
vs. 2.5 £ 0.1%, respectively, p = .01, Table 3). The GCHD cows had
greater percentage of fat than GTMR cows on weeks 4 (3.8 + 0.2%
vs. 2.1 £0.2%, p < .0001), 5 (3.7 + 0.2% vs. 2.5 + 0.2%, p = .0001), 8
(8.0+£0.2% vs. 2.1 £0.2%, p =.004) and 9 (3.3 +0.2% vs. 2.4 + 0.2%,
p = .004). The percentage of fat in GTMR cows increased from week
8t010(2.1 £0.2% and 2.8 £ 0.2%, p = .004) and remained with high
levels and in GCHD decreased from week 4 to 14 (3.8 + 0.2% and
2.8+ 0.2%, p <.0001). The GTMR cows presented greater percentage
of protein than GCHD cows on week 8 (GTMR: 3.1 + 0.04% vs. GCHD:
2.9 +0.04%; p = .0009), and lower on week 12 (GTMR: 3.1 + 0.04% vs.
GCHD: 3.3 £ 0.04%; p = .01). In GTMR, the percentage of protein de-
creased from week 4 to 10 (3.2 + 0.03% and 3.1 £ 0.03%, p = .02), while
in GCHD decreased from week 4 to 8 (3.1 + 0.04% and 2.9 + 0.04%,
p < .0001) and then increased from week 8 to 14 (2.9 + 0.04% and
3.2 + 0.04%, p < .0001). In GTMR cows the percentage of lactose
increased from week 10 (4.7 = 0.1%) to 12 (4.9 = 0.1%, p = .007). In
GCHD cows the percentage of lactose increased from week 8 to 12
(4.6 £0.1% and 5.1 £ 0.1%, respectively, p < .0001) and decreased from
week 12 to 14 (5.1 £ 0.1% and 5.0 £ 0.1%, respectively, p = .02).
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FIGURE 4 Milkyield (Lt/d) (a), Lactose (kg/d) (b), Protein (kg/d)
(c) (mean = SEM) in milk of GTMR (line black) and GCHD (line
gray). The dotted arrow indicates date of change of diet in GCHD.
Asterisks indicate differences between treatment in the same
week: **p < .01

The BCS was greater in GTMR cows than in GCHD cows (p = .04;
Table 3).

3.2 | Animal behavior

3.2.1 | First month of lactation

Frequency in which cows were observed ruminating was greater in
GCHD than in GTMR (p < .001, Figure 5a). There was not difference
between groups in the frequency in which cows were observed eat-
ing (Figure 5d), lying (Figure 6a), and walking (Figure 6d).
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TABLE 3 Effect of treatment (T: GTMR

Treatment p value vs. GCHD), week (W) and interaction
GTMR GCHD SEM T w TxW between treatment and week (TxW)
. on BCS; percentage of Fat; Protein
Fat (%) 2.5 3.2 0.11 .01 .005 .0006 and Lactose (mean + SEM) during the
Protein (%) 3.1 3.1 0.13 49 <.0001 <.0001 experimental period
Lactose (%) 4.8 4.8 0.2 96 <.0001 .003
BCS 3.0 2.5 0.11 .04 .0003 A1

Abbreviations: BCS, body condition score; GTMR, group fed TMR; GCHD, group diet change.
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FIGURE 5 Frequency (mean + SEM) in which cows were observed ruminating (%) (a, b, and c) and eating (%) (d, e, and f) in GTMR (black
bar) and GCHD (grey bar) at first month from calving (1M), second month from calving: before change feeding (2M-B) and after change
feeding (2M-A), and at third month from calving (3M). Different small letters show differ between treatment and between period (2M-B and

2M-A) in second month (p < .05)

3.2.2 | Second month of lactation

The frequency in which cows were observed ruminating was greater
in GCHD than in GTMR (22.6 £ 0.9% vs.19.5 + 0.9%; p = .02; re-
spectively). There was interaction between treatment and periods
(p < .0001) in this variable (Figure 5b). During period 2M-B, GCHD
cows were ruminating with greater frequency than GTMR cows
(p < .0001). After the diet change (2M-A) GCHD cows had lower

frequency of rumination than GTMR cows (p = .001; Figure 5b).
The frequency of rumination in GCHD cows decreased from 2M-B
(31.4 £ 1.3%) to 2M-A (13. 8 £ 1.3%; p < .0001). In GTMR cows there
was no difference in the frequency of rumination between periods
(2M-B vs. 2M-A; Figure 5b).

The frequency in which cows were eating was greater in GCHD
(25.8 £ 0.9%) than in GTMR (22.5 + 0.9%; p = .02). There was an
interaction between treatment and period (p = .02): before diet
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change, GCHD cows had greater frequency of eating than GTMR
cows (p = .001). The GCHD cows had greater frequency of eating
during 2M-B (39.0 + 1.6%) than during 2M-A (21.6 + 1.6%; p < .0001;
Figure 5e).

The GTMR cows were lying with greater frequency than GCHD
cows (25.4 + 1.5% and 20.3 + 1.5%, respectively; p = .02). There was
an interaction between treatment and period (p = .04; Figure 6b):
GCHD cows had greater frequency of lying before diet change (2M-B;
23.5 +2.1%) than after diet change (2M-A; 17.3 + 2.1%; p = .03). After
diet changing (2M-A) frequency of cows lying was lower in GCHD
(17.2 £ 1.5%) than in GTMR (26.6 + 1.5%; p = .02; Figure 6b).

The frequency in which cows were walking was greater in GCHD
(5.5 + 0.5%) than in GTMR (3.9 + 0.5%; p = .02). There was a ten-
dency of interaction between treatment and period in the frequency
in which cows were walking (p = .06; Figure 6e).

3.2.3 | Third month of lactation

There was no difference in the frequency in which cows were ob-
served eating lying and walking between treatments (Figures 5f, 6¢

and f) The GTMR cows tended to ruminate more than GCHD cows
(14.6 £ 1.5% and 11.0 + 1.4% respectively, p = .06; Figure 5c).

3.3 | Blood biochemistry

Nonesterified fatty acids concentration did not show effects of the
treatment (p = .7). There was an interaction between treatment and
time (p < .001) for NEFA concentration. In week 4, GCHD cows had
greater NEFA concentrations (0.8 £ 0.1 mmol/L) than GTMR cows
(0.4+0.1mmol/L; p=.002; Figure 7a). There was interaction between
treatment and time (p = .03) for BHB concentration. In GCHD, BHB
concentration decreased from week 4 to 14 (p < .0001) and in GTMR
decreased from 4 to 8 (p = .0005; Figure 7b). Cholesterol concen-
tration showed interaction between treatment and time (p < .001).
In week 10, GTMR cows had greater concentration of cholesterol
(5.4 £ 0.39 mmol/L) than GCHD cows (4.0 £ 0.4 mmol/L), (p = .049;
Figure 7c). The cholesterol concentration increased from week 4
to 10 (p < .0001) and decreased from week 10 to 12 (p < .0001) in
GTMR cows and increased from week 4 to 8 (p < .0001) and de-
creased from week 8 to 12 (p < .001) in GCHD cows (Figure 7c). The
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AST concentration showed interaction between treatment and time
(p = .01). The AST concentration was greater in GTMR cows than
in GCHD cows (114.9 + 9.1 U/L and 103.2 + 9.5 U/L respectively;
p = .05) in week 14. Their AST concentration decreased from week
4 to 14 (p = .03) in GCHD cows, in contrast to GTMR cows, whose
level increased from week 4 to 8 (p = .03) and remained the same
until the end of the experiment. There was no effect of the treat-
ment in other blood variables, except for a tendency in ALT (Table 4).
There was no interaction between treatment and time for the other
blood variables (Table 4), except for a tendency in the concentration

of globulins (p = .08).

4 | DISCUSSION

The diet change from a mixed system (pasture grazing plus TMR) to
single confinement system (100% TMR) in dairy cows affected the milk
production and composition, behavior, and some metabolic parameters
in blood. On one hand, the change from a mixed system to a single sys-
tem in confinement was positive in terms of milk production and com-
position and metabolism. However, the abrupt change from one system
to the other negatively affected the behavior of cows, evidencing the
difficulty to adapt quickly during the first days. After the change, cows
were ruminating and lying with less frequency than before, and they
even performed these behaviors less frequently than those cows kept
in TMR. The fact that both behaviors (ruminating and lying) decreased
after the change of system could be due to the lack of access to the
pasture or the factors associated with it. Since these behaviors along
with the grazing in the dairy cow are associated with good well-being
and comfort (Arnott, Ferris, & O'Connell, 2017; Higashiyama, Nashiki,
Narita, & Kawasaki, 2007; Kilgour, 2012; Tucker, Weary, & Fraser,
2004), it is possible that the change of system and the difficulty to adapt
during the first days resulted in worse welfare. Ruminating and lying
are associated behaviors and occur when cows are at rest (Schirmann,
Chapinal, Weary, Heuwieser, & von Keyserlingk, 2012), and in more
comfortable housing conditions cows lie more frequently (Charlton &
Rutter, 2017), highlighting the importance of these behaviors as wel-
fare indicators. In our study, before the change, cows were in a mixed
system, and possibly preferred to perform behaviors of ruminating and
lying more in pasture than in confinement, where they do not find a
comfortable ground to lie on, as it has been reported in other works
(Arnott et al., 2017; Charlton & Rutter, 2017). Nevertheless, after the
change of system the cows lost access to the pasture, and possibly in an
uncomfortable environment to rest during confinement, they reduced
the frequency of lying. Rumination activity is influenced mainly by diet
characteristics (Erina et al., 2013; Welch & Smith, 1970) therefore the
decrease in rumination activity after the change of system may be due
to changes in the composition of the diet. But also, rumination activ-
ity is negatively affected by different stressors, such as high stocking
density, heat stress, and acute stress (Grant & Albright, 2001; Herskin,
Munksgaard, & Ladewig, 2004; Kadzere, Murphy, Silanikove, & Maltz,
2002; Moallem, Altmark, Lehrer, & Arieli, 2010; Moretti, Biffani,
Chessa, & Bozzi, 2017). In addition, more stressed cows (with greater
serum cortisol concentration) spent less time ruminating (Bristow &
Holmes, 2007; Lindstréom, Redbo, & Uvnas-Moberg, 2001). Therefore,
the reduction in rumination after the change of system may be an in-
dicator of negative emotional response as was suggested by Herskin
et al. (2004). In short, the cows expressed difficulties to adapt quickly
in a short time window to the abrupt change from a mixed system to a
single confinement system with TMR.

One month after the system change, cows of both groups dis-
played a pattern of similar behavior, which could suggest that cows
were adapted to the system. However, even one month after the
change, cows of GCHD tended to ruminate less than those of GTMR,
suggesting that the process of adapting cows to change was gradual,
and that animals need a longer window of time to fully adapt to a
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TABLE 4 Effect of treatment (T: GTMR
vs. GCHD), week (W) and interaction
between treatment and week (TxW) on
blood metabolites (mean + SEM) during
the experimental period

Blood metabolites

BHB (mmol/L)

NEFA (mmol/L)
Cholesterol (mmol/L)
TP (g/L)

Albumin (g/L)
Globulin (g/L)
CK(U/L)

Urea (mmol/L)
Calcium (mmol/L)
Phosphorus (mmol/L)
AST (U/L)

ALT(U/L)

=y |
[Science Journal SR AL T =AY

Treatment p value
GTMR GCHD SEM T w TXW
0.7 0.5 0.3 7 <.001 .03
0.4 0.4 0.1 7 <.001 <.001
4.7 4.1 0.4 .8 <.001 <.001
79.0 80.6 1.2 4 <.0001 16
34.5 33.5 0.7 4 <.0001 4
44.1 471 1.0 2 .0008 .08
225.6 3311 89.6 .5 .8
6.3 5.9 0.1 .8 .02 4
2.2 2.3 0.1 .6 .01
2.2 2.3 0.1 .6 .01 3
117.5 103.6 6.8 .3 1 .01
44.1 31.8 3.6 .08 .08 .8

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BHB, Beta-hy-
droxybutyrate; CK, creatine-kinase; GCHD, group diet change; GTMR, group fed TMR; NEFA, Non-
esterified fatty acids; TP, Total protein.

system change. Our results match those of Enriquez-Hidalgo et al.
(2018) who reported that cows needed more than 10 days to adapt
their behavior to the change of management from a pasture system
to one of confinement. Therefore, the cows need a window of time
of some weeks to adapt their behavior to a new environment after
abrupt change from a pasture-based system to a confinement sys-
tem. Given that dairy cows do not adapt easily to abrupt changes of
system, it would be interesting to evaluate how animals can adapt
their behavior to gradual changes in these systems of production.
Around one week before the diet change, cows of GCHD pro-
duced less milk, and less protein and lactose yield than the cows of
GTMR, but such differences disappeared after the change of system.
These results are in agreement with the available information on the
advantages of the system in confinement, where cows consuming
TMR diet produce more milk than cows grazing or in mixed systems,
which is associated with an increase in DMI and greater availability
of energy (Bargo et al., 2002; Fajardo et al., 2015; Kay, Mackle, &
Auldist, 2002; Kolver & Muller, 1998; Meikle, Adrien, Mattiauda, &
Chilibroste, 2013; Vibart, Fellner, Burns, Huntington, & Green, 2008;
Wales et al., 2013). In addition, the change from a mixed system to
a single system in confinement with TMR improved the production
and composition of milk in a short period of time, evidenced from
one week before the change to one week after. These changes in milk
production and composition were accompanied by some metabolic
changes, such as a continuous decrease in the concentration of BHB
and AST toward the end of the experimental period and an early fall
in cholesterol concentration, suggesting less mobilization of body re-
serves and liver activity after the change of system (Garcia, Cardoso,
Campos, Thedy, & Gonzalez, 2001; Noro, Cid, Wagemann, Arnés, &
Wittwer, 2013). Although cows in a mixed system during the first
month of lactation had greater negative energy balance compared
to cows of GTMR (evidenced by greater values of NEFA and lower
BCS), they failed to recover their BCS after the change. This could

be due to the fact that during early lactation the energy generated
by the dairy cow prioritizes the mammary gland for milk production
rather than the body reserves (Gross, van Dorland, Bruckmaier, &
Schwarz, 2011). Therefore, in terms of milk production, milk com-
position and metabolism, dairy cows respond favorably to change of
diet and environment from mix system to TMR system.

Itis interesting to note that according to our knowledge there are
few studies that evaluated the adaptation of dairy cows to changes
in diet and management considering behavioral variables. This study
reinforces the concept of the need to evaluate behavior along with
other variables (productive or physiological) for a comprehensive

analysis of animal welfare in dairy production systems.

5 | CONCLUSION

Abrupt change from a mixed system to confinement system (100%
TMR) was favorable in productive and physiological variables, such
as milk production, milk composition, and metabolism of dairy cows.
However, in relation to behavior, the cows expressed difficulties to

adapt quickly in a short time window to the abrupt change of system.
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This study is aimed at comparing the milk fatty acid profile (FAP) of cows that changed from a mixed system (MS) of double
grazing plus total mixed ration (TMR) to a total confinement system (TCS, 100% TMR) with cows that changed to another
MS with one overnight grazing plus TMR and compare with cows that were kept unchanged in TCS. The diet change was
made in the second month of lactation. The milk samples were collected at one (M1-spring) and three months of lactation
(M3-summer). Three treatments are as follows (each n=10): confined cows fed with TMR throughout the period (GTMR),
cows that changed from MS with double grazing plus TMR in M1 to TCS in M3 (GCHD), and cows that changed from a MS
with double grazing plus TMR in M1 to a MS with overnight grazing plus TMR in M3 (GTMR+P). Unlike GTMR+P, GCHD
improved milk production after change (increased 14% from M1 to M3), but milk FAP was impaired. In M3, conjugated
linoleic acid (C18:2-CLA) in GTMR and GCHD was lower than GTMR+P (p < 0.05), and linolenic (C18:3-n-3) was lower in
GCHD than GTMR+P. Maintaining grazing in summer overnight sustained milk fat quality, evidenced by higher C18:3 (n-3);
C18:2 (CLA); and n-6/n-3 ratio than cows that changed to TCS.

1. Introduction

Milk is the most complete liquid food of animal origin in
nature, and milk and dairy products are among the most
important human food [1-3]. Although for decades, rumi-
nant’s milk had a negative image due to its high content in
saturated fatty acid (SFA) and the relationship of these with
cardiovascular diseases [4-7], milk fatty acids are still
important nutritional elements. Besides, it has also been
reported that milk fat would have beneficial effects on health
[8-10]. In this regard, it has been shown that oleic acid (OA;
C18:1 cis 9), vaccenic fatty acid (VA; C18:1 trans 11), and

conjugated linoleic acid (CLA) are considered beneficial for
human health [11], due to anticarcinogenic, anti-inflamma-
tory, and antiatherogenic effect [12-14]. The main isomer of
CLA found in dairy products is rumenic acid (RA; C18:2 cis
9 trans 11) [15, 16] which together with the VA are exclu-
sively from ruminants [11]. Furthermore, linolenic fatty acid
(FA) (C18:3 (n-3)) and linoleic FA (C18:2 (n-6)) are the
most abundant omega 3 (n-3) and omega 6 (n-6) FA in milk,
respectively, both considered essential FA [17]. Moreover,
the n-6/n-3 ratio (recommended to be below 4/1) is consid-
ered an indicator for nutritional impact of milk fat on
human health [18-20]. Therefore, due to the great consumer
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demand for dairy products, milk composition modification
in favor of healthy FA and against SFA and trans FA con-
tinues to be a challenge [13].

It is widely reported that animal nutrition is the factor
that most influences milk fat composition [21-25]. Fresh
pasture has high proportion of unsaturated FA (70-90%)
with a large amount of C18:2 (n-6) and C18:3 (n-3), pre-
cursors of stearic acid (C18:0), VA, and CLA [26, 27],
whereas oilseed contain a high proportion of C18:2 [28].
Therefore, the inclusion of fresh forage in mixed dairy sys-
tems (pasture plus TMR) improves milk FA profile in favor
of those beneficial to human health [25, 27, 29, 30].

The dairy systems in Uruguay are characterized by
being pasture-based systems (pasture 55%, supplementa-
tion as roughage 19% and concentrates 25%), with an
average stocking rate of 1.15 milking cow per hectare,
housed in open-sky facilities during the time cows are
out of the pasture [31]. In this country, the average milk
production in 2020 was 5245 Lt/cow/year [32], and accord-
ing to Farifia and Chilibroste [31], the “mean productivity
was 8831 Lt. per hectare of milking platform (total area of
the farm potentially grazable by the milking herd),” data
from 2013 to 2017. In such systems, cows are exposed to
extreme weather conditions (such as heat stress); notwith-
standing, ~63% of dairy farms have access to water near
the milking parlor or the paddocks, and although 75% of
the farms have natural shade [33], it is usually located
on cow trails and not in the paddock or resting areas. In
this sense, confinement systems are used to mitigate cli-
matic conditions in summer and minimize its negative
effects on milk yield [34, 35], provide independence from
forage availability fluctuation [36, 37], and increase total
dry matter (DMI) and energy intake per cow to achieve
better productive levels [38, 39]. However, beyond the
productive advantages provided by confinement systems,
the lack of pasture in diet would negatively affect milk
fat composition [25, 28, 40, 41], animal welfare [42], and
consumer perception of dairy products [20, 43]. Regarding
milk fat composition, when cows change from a pasture-
based system (grass plus concentrate mix or grass plus
total mixed ration: TMR) to 100% TMR, milk SFA
increases in detriment of beneficial FA [44, 45]. Mean-
while, when cows switch from TMR to a pasture-based
feeding system, the healthy FA increases [41, 44-46].
Hence, during summer, an alternative mixed system con-
sisting of one grazing session at night would improve milk
fat composition, while at the same time reducing heat
stress negative effects. In addition, although the change
from a mixed system to one in confinement in summer
improves milk production and biochemical profile in
blood, from behavioral point of view, cows fail to adapt
in the short term to the lack of pasture, affecting their ani-
mal welfare [34]. Although the effect of dietary change on
milk FAP when cows switch from pasture to TMR (and
vice versa) has been evaluated, to our knowledge, the con-
sequences of changing to a mixed system with one over-
night grazing in summer on milk FAP have not been
studied. Therefore, we hypothesize that the change from
a mixed system with double grazing to overnight grazing
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during the summer could be an effective management
strategy to achieve better milk fat composition than those
cows that were changed from mixed to confinement sys-
tems or ever-confined cows. The objective of this study
was to compare the milk FAP of cows that were changed
from a system that combines TMR plus double grazing to
a single confinement system (TMR) with cows that chan-
ged to a mixed system with only one night grazing and
with cows that were kept unchanged in a confinement sys-
tem (100% TMR).

2. Materials and Methods

2.1. Location, Animals, and Treatments. The experimental
protocol was evaluated and approved by the Comisién Hon-
oraria de Experimentacion Animal (CHEA), Universidad de
la Republica, Montevideo, Uruguay (N°149). The study was
conducted at a commercial farm located in the Department
of Paysandu, Uruguay.

Thirty cows with 2.1+ 1.2 lactations and an average
body weight of 660kg+ 82.1kg were used. All cows were
under the same management and feeding conditions
throughout the 21 days before the expected calving date
(prepartum diet). Cows were blocked by calving date, num-
ber of lactation, precalving body condition, and live weight
and randomly assigned to one of the three following treat-
ments immediately after calving: (1) cows confined and fed
with TMR ad libitum (GTMR, #n=10) throughout both
periods; (2) mixed system cows that changed their diet from
double grazing plus 25% TMR of the GTMR (GCHD, # = 10)
to confinement system (100% TMR); and (3) cows that kept
mixed system from double grazing plus 25% TMR of the
GTMR to overnight grazing with 35% TMR (GTMR+P,
n=10).

Diet change in GCHD and GTMR+P was carried out on
November 16th, according to historical records of THI
values in the region [34], which corresponds to 70 + 14 days
in milk (DIM). The TMR was offered from 11:00 to 15:00 H
in open stalls for all treatments, and cows had free access to
water. Feeders covered (70 m x 3 m) with concrete floor and
metal roof and an area with dirt floor without roof but with
shade in each treatment (50 m x 4 m). All treatments were in
the same environment and confinement system but in different
and adjacent pens, as described by Grille et al. [34]. The drink-
ing troughs were plastic made (3.76m x 0.76 m x 0.44 m).
Before diet change, GCHD and GTMR+P grazed in two ses-
sions after each milking (08:00-11:00H and 19:00-06:00 H)
and were fed with TMR in one session (11:00-15:00 H,
until milking in the afternoon) equivalent to 25% of that
received by the GTMR. After diet change, GTMR+P cows
grazed in one night session (19:00-06:00 H) and were fed
with TMR (from 11:00 to 15:00H, until milking in the
afternoon) with an amount equivalent to 35% of that
received by GTMR.

The pasture was composed of Festuca arundinacea and
Dactylis perseo. Daily herbage allowance was 40 kg dry mat-
ter/cow. Herbage mass (kg DM/ha) to ground level was esti-
mated weekly using the double sampling technique adapted
from Haydock and Shaw [47]. The method was calibrated
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monthly using a 5-point scale with 3 replicates for each
point. Herbage allowance was then determined adjusting
daily strip area for grazing. On dry matter (DM) basis, the
total mixed ration was composed of whole plant sorghum
silage (33%), sorghum dry grain (12.5%), citrus pulp
(10%), canola expeller (16.5%), sorghum distillery grain
by-product (10%), and soybean husk (16%). In addition, a
premix of minerals and vitamins (1.3%) and urea (0.2%)
was added.

2.2. Data Collection, Measurements, and Estimates. Ration
components were analyzed by near-infrared spectroscopy
(methods 167.03, 42.05, and 984.13) [48]. Neutral deter-
gent fiber (NDF) and acid detergent fiber (ADF) were
measured sequentially [49], without sodium sulphite in
the neutral detergent solution using an ANKOM200 Fibre
Analyzer (ANKOM Technology Corp., Fairport, NY,
USA). NDF was assayed without a heat-stable amylase.
Both fiber contents were expressed inclusive of residual
ash (Table 1). The TMR was formulated according to the
National Research Council [50] for a body weight of
600kg and 40 Lt/d milk production (4% milk fat).

All cows were milked twice a day at 6:30 and 18:30 H.
Milk production was individually recorded with Waikato"
meters. Milk samples were collected in two moments, one
(M1: week 4, 35+ 15 DIM) and three months of lactation
(M3: week 13, 98 +14 DIM) for milk composition and
FAP (composite sample and representative of both daily
milkings). Total mixed ration and pasture samples were
taken in the same moments of milk sampling (M1 and
M3) (Table 1). Analyzes for the determination of milk fat
were performed using LactoScope FT infrared (FTIR) (Delta
Instruments, Drachten the Netherlands).

Milk fat was extracted according to Folch et al. [51], and
FA methyl esters were prepared by the transmethylation
procedure described by TIUPAC 2.301 [52]. Fatty acid methyl
esters were quantified using a gas chromatograph (Agilent
Technologies 6890, Palo Alto, CA, USA) and a mass spec-
trometer (Agilent Technologies 5973) in electron ionization
mode at 200°C with an electron current of 70 electron volts,
acquiring spectra over the mass 35-600 daltons at a rate of
0.7s/scan with an interscan delay of 0.5ms. The column
chromatography was a SP 2560 (Supelco), highly polar bis-
cyanopropyl capillary column (100m-0.25mm id. with
0.2-1m film thickness; Supelco, Bellefonte, PA, USA). Helium
was used as the carrier gas with a flow rate of 0.5 mL/min.
The injector temperature (split ratio of 1:50) was set to
250°C. The initial column temperature (120°C) increased at
10°C/min to 175°C and held for 5 min. Finally, column tem-
perature was increased at a rate of 3°C/min to 240°C and
held for 30min [53]. Samples were run in duplicate, and
FAME standard (Supelco 47885-U, Bellefonte; 37 FAME
from C4:0 to C24:0) was analyzed at regular intervals for
quality control purposes and to determine recovery and cor-
rection factors for individual FA. The intra- and interassay
coefficients of variation for each analyte measured were on
average 3% and 6%, respectively. Milk fat composition is
expressed as grams of each individual FA per 100g of
total FA.

TaBLE 1: Chemical composition and fatty acid profile of total mixed
ration (TMR) and pasture in two moments (M1 and M3) of the
experiment.

M1 M3

Component TMR Pasture TMR Pasture
DM (%) 66.8 26.7 57.8 21.3
CP (% DM) 16.8 13.6 16.6 10.4
NDF (% DM) 40.4 48.9 35.7 62.0
ADF (% DM) 22.3 24.0 20.5 32.2
Ash (% DM) 6.5 10.1 6.0 10.9
FAs (g/100 g)

C10:0 0.06 nd nd nd
Cl12:0 0.09 0.22 nd nd
Cl14:0 041 0.63 0.14 0.55
C15:0 0.07 nd 0.05 nd
Cl16:0 14.1 25.2 13.5 29.1
Cl16:1 cis 0.41 0.26 0.63 nd
Cl16:1 trans 0.06 1.98 0.1 1.92
Cl6:2 0.04 nd nd nd
C17:0 0.15 0.85 nd 0.65
Cl17:1 cis 0.07 nd 0.11 nd
C18:0 5.6 13.0 5.6 10.3
C18:1 cis 37.3 10.6 41.6 9.3
Cl18:1 trans 0.34 0.09 0.37 nd
C18:2 cis (n-6) 36.8 14.7 32.6 17.9
C18:2 trans 0.42 0.25 0.43 0.22
C18:2 (CLA) 0.05 nd nd nd
C18:3 (n-3) 2.3 25.0 2.2 23.8
C18:3 (n-6) 0.03 0.31 nd 0.34
C20:0 0.53 1.12 0.77 1.19
C20:1 cis 0.55 0.68 0.54 0.75
C20:1 trans 0.05 nd nd nd
C20:2 cis (n-6) 0.15 nd 0.15 nd
C21:0 0.04 0.18 0.05 0.18
C22:0 0.29 1.73 0.46 1.55
C23:0 0.14 0.22 0.1 0.47
C24:0 0.36 1.32 0.45 1.82
C25:0 0.07 0.27 0.09 0.11
C26:0 0.09 1.51 0.08 nd
C28:0 0.03 nd nd nd
n-3 2.27 25.0 2.17 23.8
n-6 37.0 15.0 37.1 18.2
Ether extract (g/100) 3.48 2.29 3.14 191

MI: one month after calving; M3: three months after calving; CP: crude
protein; NDF: neutral detergent fiber; ADF: acid detergent fiber; nd: not
detected.

2.3. Statistical Analyses. Milk yield, fat (% and kg/d), and
FAP were analyzed with an ANOVA for repeated measures
using the PROC MIXED of SAS (SAS Institute Inc., Cary,
NC, USA (2004). The statistical model for milk yield, fat
(content and yield), and FAP included the treatment
(GTMR, GCHD, and GTMR+P), month (M1 and M3),



and interaction between treatment and month (M1 and
M3). The original model also included the parity, but as it
was not significant, it was removed from the model. Cows
in each treatment were considered as a random effect. In
all variables, post-calving days were included as covariable.
Post hoc comparisons were performed with the Tukey-
Kramer test. Results were considered significant with p <
0.05 and tendency when the p value was between 0.05 and
0.10. Data are presented as mean + SEM (standard error of
the mean).

3. Results

3.1. Milk Yield and Composition. There was no difference
between treatment and month in milk yield, but a significant
interaction between treatment and month was observed
(Table 2). In M3, milk yield in GTMR and GCHD was
higher than in GTMR+P (p = 0.04), but there was no differ-
ence between treatments in M1. Milk yield increased from
M1 to M3 (p=0.05) in GCHD cows, while GTMR+P cows
decreased milk yield between these months (p = 0.004).

Milk fat content was affected by treatment, month, and
their interaction (Table 2). The cows of GTMR had lower
milk fat content than GCHD and GTMR+P (p < 0.05), while
GCHD and GTMR+P showed no difference between each
other. Milk fat content decreased from M1 to M3 (p =0.04
). In M1, the GTMR cows had lower milk fat content than
GCHD and GTMR+P (p=0.01) and in M3 GTMR+P
tended to be higher than GTMR (p =0.08), but there were
no differences between GCHD and the other treatments in
M3. The cows of GCHD decreased from M1 to M3
(p =0.0005), but the GTMR and GTMR+P showed no dif-
ference between these months.

Regarding milk fat yield (kg/d), there were no differences
between treatments, but month effect and interaction
between treatment and month were observed (Table 2). Fat
yield decreased from M1 to M3 (p=0.01). In MI, the
GTMR cows had lower fat yield than GCHD and GTMR
+P cows (p=0.006), but there was no difference between
treatments in M3. Fat yield decreased from MI to M3 in
GTMR+P cows (p=0.0001), but there was no change
between these months in GCHD and GTMR cows.

3.2. Milk Fatty Acid Profile. There was no treatment effect in
SFA, MUFA, PUFA, n-6, n-3, trans, de novo FA, and pre-
formed FA (Table 3).

No interaction between treatment and month was
observed in SFA and MUFA (Table 3). An interaction
between treatment and month was observed for PUFA
(Table 3). There was no difference between treatments in
M1 and M3. All treatments decreased from M1 to M3
(p <0.001). The n-6 showed interaction between treatment
and month (Table 3). In M1, the percentage of n-6 was
higher in GTMR than in GCHD and GTMR+P (p < 0.001),
but GCHD and GTMR+P had no difference. In M3, there
was no difference between treatments.

There was interaction between treatment and month in
n-3 (Table 3). No difference between treatments was
observed during M1. In M3, the GCHD had lower n-3 than
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GTMR+P (p=0.02, Table 3), while GTMR showed no dif-
ference between GCHD and GTMR+P. The n-3 decreased
from M1 to M3 in GCHD (p=0.0001), while in GTMR
and GTMR+P did not change between months.

In the n-6/n-3 ratio, the treatment effect was observed
(Table 3). The GTMR showed higher n-6/n-3 ratio than
GCHD and GTMR+P (p <0.001), and GCHD had higher
n-6/n-3 than GTMR+P (p <0.001). An interaction between
treatment and month was observed for the n-6/n-3 ratio
(Table 3). In M1, the GTMR had higher n-6/n-3 ratio than
GCHD cows and GTMR+P (p < 0.0001), while GCHD and
GTMR+P showed no difference. In M3, there was no differ-
ence between GTMR and GCHD, but both were higher than
GTMR+P (p <0.0001). The n6/n3 ratio of GTMR decreased
from M1 to M3 (p<0.0001, Table 3), while GCHD
increased from M1 to M3 (p <0.0001), and GTMR+P did
not change between months.

There was interaction between treatment and month in
de novo FA (Table 3). In each month, no difference between
treatments was observed. The percentage of de novo FA
increased from M1 to M3 in the GCHD and GTMR+P
(p <0.0001). In fact, in M1, capric (C10:0) percentages were
higher in GTMR than in GCHD (p=0.05), and lauric
(C:12:0) was higher in GTMR than in GCHD and GTMR
+P (p <0.05), but there were no differences between treat-
ments in M3 (Table 4). These FA (capric and lauric)
increased from M1 to M3 in GCHD (p < 0.05), and the lau-
ric FA increased from M1 to M3 in GTMR+P (p =0.01).

There was a trend in the interaction between treatment
and month in preformed FA (Table 3). Of them, stearic
(C18:0), oleic (C18:1 cis), linoleic (C18:2 cis), linoelaidic
(C18:2 trans), CLA (C18:2), and linolenic (C18: 3 (n-3))
showed no effect of treatment, but there was an interaction
between treatment and month (Table 4). There was no dif-
ference in stearic FA (C18:0) between treatments.

In M1, GTMR had higher linoleic (C18:2 cis (n-6)) than
GCHD and GTMR+P (p <0.01), while GCHD and GTMR
+P cows showed no difference.

The percentage of C18:2 trans was lower in GTMR than
in GCHD and GTMR+P (p < 0.05). In GCHD, the percent-
age was lower than in GTMR+P (p=0.02). In M3, there
were no differences between treatments in both, C18:2 cis
and trans (Table 4). The conjugated linoleic acid (C18:2)
and linolenic (C18:3 (n-3)) showed no differences between
treatments in M1, while in M3, the percentage of both FA
in GCHD was lower than in GTMR+P (p < 0.05). Linolenic
(C18:3 (n-3)) decreased from M1 to M3 in GCHD and
GTMR+P cows (p<0.0001). Stearic (C18:0), linoleic
(C18:2 cis), and CLA (C18:2) decreased from M1 to M3
in the three treatments (p <0.01). C18:1 cis and C18:2
trans decreased from M1 to M3 in GCHD and GTMR+P
(p <0.01), but in GTMR had no difference between months.

There was month effect in SFA, MUFA, PUFA, n-6, n-3,
trans, de novo FA, and preformed FA (Table 3). Saturated
FA, as well as de novo and mixed origin FA, increased from
M1 to M3 (p <0.001), while MUFA, PUFA, n-6, n-3, and
preformed FA decreased from M1 to M3 (p =0.004). The
saturated FA increased from M1 to M3, mainly due to
C11:0, C12:0, C13:0, C14:0, and C15:0 FA increase
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TaBLE 2: Effect of treatment (T), month (M), and interaction between treatment and month (T * M) on milk yield and fat (mean + SEM) in

month 1 (M1) and month 3 (M3) of lactation.

GTMR GCHD GTMR+P SEM p value
Ml M3 M1 M3 Ml M3 T M T+M
g;’lk yield (kg/ 33.89% 32344 30882 35304 32.48% 25.9980 35 ns ns 0.005
Eat (%) 2.0942 24742 4128 2.8ABb 3.53% 3.288 0.2 0.04 0.04 0.003
a
(kg/d) 0.76%2 0.84¢ 1.08% 0.964° 1.09%2 0.784° 0.1 ns 0.01 0.013
g

Treatments: GTMR: cows fed TMR; GCHD: cows diet change; GTMR+P: cows TMR+pasture. When there was significant interaction between treatment and
month: differences between treatments in the same month (different capital letters) and difference between months within each treatment (different small
letters) indicate p < 0.05 were shown. ns: no significance; SEM: standard error of the mean.

TasLE 3: Effect of treatment (T), month (M), and interaction between treatment and month (T * M) on fatty acid profile (FAP) in month 1

(M1) and month 3 (M3) of lactation.

GTMR GCHD GTMR+P SEM p value
Ml M3 M1 M3 Ml M3 T M T+M
FA saturation (g/100 g of fat)
SFA 64.84 71.57 61.01 70.70 63.01 70.40 1.67 ns <0.001 ns
MUFA 30.01 25.82 35.18 26.83 32.90 26.71 1.54 ns <0.001 ns
PUFA 5.104° 2.604P 3.8040 2.464° 4,074 2.874P 0.35 ns <0.001 <0.001
n-3 0314 0.19482 0.4142 0.184° 0.4342 0.30% 0.04 ns <0.001 0.01
n-6 3.6657 1.484° 2.0958 1.644° 1.94% 1.394P 0.19 ns <0.001 <0.001
n6/n3 12.30%2 8.52AP 5,025 8.954P 4.47% 4728 0.37 <0.01 ns <0.001
Trans 493 1.87 4.14 2.12 537 3.16 0.50 ns <0.001 ns
FA origin (g/100 g of fat)
De novo
24,7242 25.9842 18.2342 25.641° 19.8442 25.04P 1.90 ns <0.001 0.02
(C4:0-C15:1)
Mixed origin
& 26.73 36.2 29.59 38.95 28.58 36.3 1.20 ns <0.001 ns
(C16:0+C16: 1)
Preformed
48.07 37.45 5231 35.58 51.43 38.49 2.60 ns <0.001 0.08
(>C17:0)

Treatments: GTMR: cows fed TMR; GCHD: cows diet change; GTMR+P: cows TMR+pasture. When there was significant interaction between treatment and
month: differences between treatments in the same month (different capital letters) and difference between months within each treatment (different small
letters) indicate p < 0.05 were shown. ns: no significance; SFA: saturated; MUFA: monounsaturated; PUFA: polyunsaturated; SEM: standard error of the mean.

(Table 4). Meanwhile, MUFA decreased from M1 to M3,
largely explained by C18:1 decrease (p < 0.001), and PUFA
decreased as a result of C18:2 cis (n-6), C18:2 trans,
C18:2 CLA, CI18:3 (n-3), and n-6 which also decreased
from M1 to M3 (p <0.04) (Table 4).

4. Discussion

The change from a system that combines double grazing and
total mixed ration to a single confinement system (GCHD)
or to a mixed system with overnight grazing (GTMR+P)
during summer affected milk yield, milk fat content and
yield (% and kg/d), and FAP. In the first case (GCHD), milk
yield was improved, but milk FAP quality was impaired, in
agreement with Pastorini et al. [40], Salado et al. [54], and
Mendoza et al. [55]. The higher milk yield in cows fed with
TMR could be due in part to the higher total DM and energy
intake achieved in a more nutrient-concentrated diet [54, 56,
57]. In relation to milk fat, although the content was dimin-
ished with diet change, fat yield (kg/d) did not change possi-

bly by the improvement in milk production. In the second
case (GTMR+P), cows showed lower milk yield from M1
to M3, while maintaining a healthier milk FAP for humans
after the change (M3). The inability to maintain the produc-
tive level in summer (M3) could be due to the worst environ-
mental condition (heat stress) [34], which could also
decrease pasture quality [58, 59]. In addition, during sum-
mer (M3), pasture NDF and ADF content increased and
CP content decreased in comparison with spring (MI1).
According to these results, it is suggested an advanced phe-
nological stage in plants (decrease in green leaf in relation
to stem) which could lead to a decrease in digestibility
[60], lower pasture DMI, and lower milk production. There-
fore, despite the change in management to reduce heat stress
effects in summer (i.e., one overnight grazing and increase of
TMR proportion in the diet), cows were not able to maintain
their performance.

When comparing the treatments that changed their
management strategy in summer (GCHD and GTMR+P),
differences in milk FAP were observed, mainly in some FA
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TaBLE 4: Effect of treatment (T'), month (M), and interaction between treatment and month (T * M) on individual milk fatty acid profile in

dairy cows in month 1 (M1) and month 3 (M3) of lactation.

GTMR GCHD GTMR+P SEM p value

Ml M3 M1 M3 Ml M3 T M T+«M
FA (g/100 g of fat)
C6:0 1.67 1.38 1.38 1.26 1.43 1.34 0.30 ns 0.04 ns
C8:0 1.48 1.24 1.04 1.07 1.08 1.16 0.20 ns ns ns
C10:0 3.814% 3.3442 2318 2.954P 2528 3.04° 0.40 ns ns 0.03
Cl1:0 0.304% 0321 0.14% 0.324° 0.16% 0.264° 0.03 ns <0.001 <0.001
Cl12:0 3.9340 3,774 2,328 3.494P 2.65% 3.364P 0.30 ns <0.001 0.008
Cl2:1 cis 0.05 0.07 0.03 0.06 0.03 0.07 0.04 ns <0.001 ns
Cl13:0 0.174 0.20% 0.10® 0.26% 0.1248 0.18* 0.02 ns <0.001 <0.001
Cl4:0 11.16 12.6 9.12 12.7 9.83 12.68 0.80 ns <0.001 0.09
Cl4:1 cis 0.51 0.84 0.39 0.89 0.43 0.82 0.10 ns <0.001 ns
C15:0 1.63%2 2.224b 1.38%2 2.604° 1.5742 2.164° 0.10 ns <0.001 <0.01
C16:0 26 34.87 28.04 37.17 27.24 348 1.20 ns <0.001 ns
Cl16:1 cis 0.65 1.26 1.42 1.67 12 1.38 0.10 0.03 0.001 ns
C16:1 trans 0.08 0.07 0.13 0.11 0.13 0.11 0.01 0.07 <0.001 ns
C17:0 1.46 1.66 1.27 1.47 1.42 15 0.10 ns <0.01 ns
Cl17:1 cis 0.11 0.16 0.22 0.23 0.18 0.19 0.02 0.04 ns ns
C18:0 12,542 9.43AP 13.86%° 7.434P 14.6" 9.624P 1.00 ns <0.001 0.02
C18:1 cis 24,040 21.842 29.4342 22.154° 26.242 21.42° 1.80 ns <0.001 0.05
C18:1 trans 445 1.39 347 1.59 458 2.55 0.40 ns <0.001 ns
Cl18:2 cis (n-6) 3.4942 1.334P 2,018 1.554P 1.84%2 1.294P 0.20 0.08 <0.001 <0.001
C18:2 trans 0.3442 0.3442 0.49%2 0.342P 0.59% 0.424P 0.04 0.07 <0.001 <0.001
C18:2 CLA 0.7842 0.574P 0.80%° 0.294° 1.104¢ 0.76%° 0.10 0.05 <0.001 0.02
C18:3 (n-3) 0.2342 0.15480 0.374% 0.13%° 0.3742 0.254P 0.04 ns <0.001 <0.001
C20:0 0.1 0.09 0.11 0.09 0.12 0.11 0.02 ns 0.04 ns
C20:1 cis 0.05 0.04 0.05 0.04 0.05 0.04 0.01 ns 0.04 ns
C20:1 trans 0.05 0.07 0.05 0.07 0.06 0.08 0.01 ns <0.001 ns
C20:3 cis 0.0742 0.054P 0.04%2 0.052P 0.05%° 0.054° 0.01 ns ns <0.001
C20:4 (n-6) 0.18 0.17 0.08 0.09 0.1 0.11 0.02 ns ns ns
C22:0 0.11 0.09 0.04 0.03 0.07 0.06 0.02 ns 0.02 ns

Treatments: GTMR: cows fed TMR; GCHD: cows diet change; GTMR+P: cows TMR+pasture. When there was significant interaction between treatment and
month: differences between treatments in the same month (different capital letters) and difference between months within each treatment (different small
letters) indicate p < 0.05 were shown. ns: no significance; SEM: standard error of the mean.

considered healthy for human consumption. The cows that
accessed to overnight grazing during summer (GTMR+P)
achieved higher content of healthy FA (e.g., n-3, C18:2
(CLA), and C18:3) compared to those that changed to a
confinement system (GCHD). In addition, GTMR+P
showed higher C18:2 (CLA) than GTMR in M3. On the
other hand, GCHD cows decreased those healthy FA when
they were changed to confinement systems. Therefore, cows
in a mixed system, even during the summer and overnight
grazing, had higher concentration of CLA and linolenic (n-
3) in milk than cows in confinement. These results ratify that
pasture inclusion in the diet (main source of C18 as linolenic
(n-3) and linoleic FA) [46] could increase FA intermediates
(VA and RA) and therefore CLA proportion in milk [26,
27]. Our results are also consistent with Morales-Almaraz
et al. [61] and Barca et al. [41] who found higher amounts

of n-3 in systems that include pasture compared to 100%
TMR systems. Besides, in cows with grazing diet (mixed sys-
tem), lower n-6/n-3 was observed in comparing to confine-
ment system cows. Our results are consistent with studies
previously conducted by Barca et al. [41] and Pastorini
et al. [40]. In this sense, after change (M3), the GCHD
increased the n-6/n-3 ratio to values considered inappropri-
ate for human consumption (above 4/1), while GTMR+P
maintained adequate values for human health, as suggested
by Simopoulos [18]. Hence, this work highlights the impor-
tance of maintaining grazing at night in mixed systems dur-
ing summer, as it leads to a fatty acid profile considered
beneficial for human health, such as high n-3 and C18:2
(CLA) content, and low n-6/n-3 ratio [46, 62]. In addition,
overnight grazing in a mixed system could be a good man-
agement tool as it allows cows to better express their normal
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behavior, while mitigating heat stress during daylight hours,
enabling better welfare [42] and with lower feeding cost in
comparison to confinement system [31, 63].

The higher de novo FA percentages in the GCHD and
GTMR+P after change (M3) could be caused by lower syn-
thesis inhibition due to lower long-chain FA [16, 64].
Long-chain FAs are potent inhibitors of mammary FA syn-
thesis [24]. These long-chain FAs may reach the mammary
gland through circulation from body fat mobilization [64]
and diet FA (mainly pasture). In this sense, in both treat-
ments (GCHD and GTMR+P), the preformed FA tended
to be higher in M1 than M3, which suggests that there was
greater mobilization of reserves in M1 [16, 65, 66]. However,
only mixed system cows had greater C18:1 (cis) in M1 than
in M3, while that GTMR had no difference between months.
According to Rukkwamsuk et al. [67], stearic acid (C18:0)
and oleic acid (C18:1cis) are predominant in adipocytes
and are released during lipolysis, so we suggest that in our
experiment, the cows in mixed system had higher body fat
mobilization than confinement cows in M1, which coincides
with the inhibition of the synthesis de novo FA. This is con-
sistent with the results reported by Grille et al. [34], where it
was observed that mixed system cows during the first month
of lactation had greater negative energy balance compared to
GTMR cows (evidenced by greater values of NEFA and
lower body condition score). Thus, de novo FA synthesis
inhibition in mixed systems during M1 could be due to the
high proportion of long-chain FA from preformed FAs
(lipomobilization) added to those that come directly from
the diet (pastures). Moreover, the latter is also noted due
to the high content of C18:3 in mixed systems than in con-
finement during M1.

5. Conclusion

Maintaining overnight grazing in summer improved milk fat
composition, as was evidenced by higher n-3, CLA percent-
ages, especially C18:3 (n-3), C18:2 (CLA), and n-6/n-3
ratio than those cows that changed from mixed system to
confinement system. Therefore, a mixed system with con-
finement during the day and one overnight grazing could
be a good management alternative during the summer, gen-
erating a healthier fatty acid profile in milk for consumers.
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Simple Summary: Pasture-based systems have advantages compared to confined systems, such as
a higher proportion of beneficial milk fatty acids for their consumers. However, in mixed systems
(grazing + total mixed ration), cows are more exposed to external climatic conditions. Due to climate
change (high temperature or heavy rains), cows spend more time in confinement facilities where
supplementation is offered, mainly in intensive mixed systems (high stocking rate). Therefore, the
conditions of the facility during their confinement acquire great importance. To our knowledge, no
studies have evaluated how the different facility conditions during confinement in a mixed system
affect the fatty acid profiles in milk and cheese. The objective of this study was to compare the fatty
acid profiles between mixed systems with different conditions during confinement (compost-bedded
pack barns vs. outdoor soil-bedded pen) and mixed systems and confinement systems (100% total
mixed ration) in a compost-bedded pack barns. In conclusion, the compost-bedded pack barns
during confinement in a mixed system ensued a better milk quality (a higher percentage of Omega
3 (n-3) and C18:3 in the milk) compared to the outdoor soil-bedded pen. However, the fatty acid
profiles in the milk, pooled milk (MilkP), and cheese were affected to a greater extent by the feeding
management than by controlling the environment during the confinement.

Abstract: The diet of dairy cows influences the fatty acid (FA) profiles of their milk and cheese, but
how these are affected by different conditions during confinement in a mixed system (MS:grazing
+ total mixed ration:TMR) is not known. The aim of this study was to compare the FAs of the milk
and cheese from MS in a compost-bedded pack barns (CB-GRZ) versus an outdoor soil-bedded pen
(OD-GRZ) during confinement, and with a confinement system (100%TMR) in a compost-bedded
pack barns (CB-TMR). Individual milk samples (n = 12 cows/group), cheese, and pooled milk
(MilkP) samples were collected. The saturated FA percentages in the milk and the omega 6/omega
3 ratio in the MilkP and cheese were greater for the CB-TMR (p < 0.0001), while the unsaturated and
monounsaturated FA percentages in the milk were lower for the CB-TMR than the MS (p < 0.001).
The milk n-3, C18:3, and conjugated linoleic acid percentages were lower for the CB-TMR than the
MS (p < 0.001). The milk n-3 and C18:3 were higher for the CB-GRZ than the OD-GRZ (p < 0.01),
but no differences were observed between the MS in the MilkP and cheese. In conclusion, CB-GRZ
cows during confinement produced better quality milk compared to OD-GRZ cows. However, the FA
profiles of the milk, MilkP, and cheese were affected to a greater extent by the feeding management
than by the conditions during confinement.
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1. Introduction

Milk fat is one of the main components that determines the nutritional value of milk
for humans, due to its energetic content and the bioactive properties of some of its fatty
acids for human health [1,2]. The fatty acid profile (FAP) of milk is characterized by a higher
proportion of saturated fatty acids (SFA) and a lower proportion of monounsaturated fatty
acids (MUFA) and polyunsaturated fatty acids (PUFA) [3]. The fat content and FAP are the
most variable components of milk. One of the factors that most influences its variability
is the nutritional management of the cow [4-7]. Pasture-based feeding systems or the
inclusion of fresh pasture in the diet of confined dairy cows improves the FAP of milk,
benefiting human health [8,9]. In this sense, in pasture-based systems, the milk’s SFA
content (C12:0, C14:0, and C16:0) and omega 6/omega 3 (n-6/n-3) are lower and some
PUFAs are higher than those in TMR systems, such as 18:3 (n-3) and C18:2 (cis9-trans 11;
conjugated linoleic acid: CLA), which is essential for humans [7,10-14]. The differences
generated by changes in a cow’s diet that have reported in milk FAPs are also reflected
in cheeses. Higher concentrations of vaccenic acid (VA), CLA, and C18:3 (n-3) have been
obtained from cheeses elaborated from pasture-based milk systems [15-18]. Therefore,
pasture inclusion in a dairy cow’s diet improves the nutritional profile of the FA in its milk
and cheese, due to an increase in some of the FAs that are beneficial for human health, such
as CLA, VA, and C18:3 (n-3), and a reduction in the n-6/n-3 ratio.

Cows are exposed to environmental and seasonal weather changes within pasture-
based systems [19]. In countries with temperate climates, cows graze throughout the
year, resulting in a better nutritional quality of their milk than that in confined systems
(i.e., [9,20]). However, climate change has caused more extreme weather events, such as
increased temperatures in summer, droughts, frosts in spring, and heavy rains, which
affect the growth of the pastures and the time available for grazing. Therefore, these
climatic phenomena become more important in temperate countries [21-23]. Extreme
weather conditions can affect the physiology (an energy demand for thermoregulation, a
decrease in dry matter intake, and a decrease in milk production) and behavior of dairy
cows [24-27]. Cows can suffer from heat stress during spring—summer, which impacts
their milk production and its quality. It has been reported that heat stress (a temperature
humidity index (THI) above 68) negatively impacts their welfare [28], milk production,
and its yield and fat content [29-32], as well as the milk’s FAP [33]. Salamon et al. [34]
showed higher percentages of C18:2, C18:3 (n-3), C18:1 (Oleic), and CLA in milk obtained
during summer compared to those in milk from winter. In addition, lipid catabolism in
thermally stressed dairy cows leads to an increased plasmatic FA content (as linolenic and
oleic), and consequently, increased long-chain FAs and decreased short- and medium-chain
fatty acids in the milk [33]. Furthermore, higher levels of MUFAs, PUFAs, and CLAs and
lower n-6/n-3 ratios and palmitic acid concentrations (C16:0) in milk and cheese have been
reported during spring compared to winter and autumn [35-37]. A possible explanation for
this may be the proportion of conserved forages in the diet (mainly autumn), which have a
poor fat quality compared to spring diets; thus, more fresh pasture is generally included
in these diets [22,36]. In addition, in pasture-based systems, the season determines the
rate of the grass growth, which affects the quality, digestibility, and consumption of the
grass [38]. Therefore, in pasture-based systems, the season of the year could impact the
FAP and cheese quality.

Uruguayan dairy systems are characterized by pasture-based systems (pasture 55%,
supplementation with conserved forage 19%, and concentrates 25%) [22]. Unlike confined
systems, pasture-based systems have the advantage of cows being able to display behaviors
that are typical of their species, which therefore improves the animal welfare, but they are
also more exposed to extreme environmental conditions, such as heavy rains and mud
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in winter or heat stress in summer, which could also affect their welfare [39,40]. Most
dairy systems in Uruguay keep cows confined in open sky paddocks when they are not
grazing, without shade over the resting and feeding areas [41]. Pasture-based system cows
are supplemented in open areas without environmental protection (i.e., shade and a roof),
and only 22% of dairy farms provide supplementation in specific feeding facilities [41].
However, over the last few years, confinement (places where cows are kept while they
are not in grazing) has changed. There are many farms where confinements have fully
covered sheds, drinkers, feeders, and different types of bedding. These confinements are
characterized because the cows have little exposure to the external climate (a better control
of the environment and better comfort). Some examples of these are the systems called
“compost barns” or “compost-bedded pack barns” [42,43].

The milk and cheese quality from different feeding systems (confinement vs. pasture)
and different seasons have been studied, but confounding effects between the environmental
factors and feeding systems are evident [16,44,45]. To our knowledge, there are no studies
that have evaluated how different facility conditions (compost-bedded pack barns vs. out-
door soil-bedded pen) during confinement in a mixed system (MS; under the same feeding
condition: grazing + TMR) influence the milk fat quality and affect the dairy products’ quality
(i.e., cheeses). Therefore, firstly, we hypothesized that both MSs would achieve a healthier FAP
in the milk and cheese from spring calving cows compared to the confined system (CB-TMR),
although we predicted a lower milk and fat yield. Secondly, we hypothesized that different
facility conditions during confinement in an MS (compost-bedded pack barns vs. outdoor
soil-bedded pen) during summer could impact the FAP in the milk and cheese from spring
calving cows. The aim of this study was to compare the milk and cheese FAPs from MSs with
different facility conditions during confinement (compost-bedded pack barns vs. outdoor
soil-bedded pen), and compare them with a confinement system (100% TMR) in spring calving
cows from a compost-bedded pack barns.

2. Materials and Methods
2.1. Location, Animals, and Treatments

The experimental protocol was evaluated and approved by the Comisiéon Honoraria
de Experimentacién Animal (CHEA), Universidad de la Reptblica, Montevideo, Uruguay
(ID 682; Exp: 020300-000602-18). The study was conducted at the Estacion Experimental
‘Dr. M. A. Cassinoni”-Facultad de Agronomia Paysandu, Uruguay (Location 32°22/49” S,
58°03'04" W).

In total, thirty-six spring calving Holstein cows with 2.7 + 1.2 lactation and 620 + 64 kg
of body weight were used. The average calving date was 16 August 2019 &+ 8.2 d. All the
cows were under the same management and feeding conditions throughout the 21 d before
the expected calving date. The cows were blocked by their calving date, number of lactations,
pre-calving body conditions, and body weight, randomly assigned to one of the following
treatments immediately after calving, and grouped to 4 cows/pen. This constituted three
treatments: (1) cows that were fed with TMR ad libitum in compost-bedded pack barns (CB)
facilities (CB-TMR, n = 12) (a low environment exposure); (2) mixed-system (MS) cows in CB
facilities (a low environment exposure, same barn as previous) during confinement (CB-GRZ,
n = 12); and (3) mixed-system cows in outdoor soil-bedded pens during confinement (a high
environment exposure) (OD-GRZ, n = 12).

In the CB-TMR and CB-GRZ systems, the cows were confined within a fully roofed
barn with CBs, fans, and sprinklers (activated when the temperature exceeded 25 °C) and
protected from solar radiation, rain, mud, and wind (a low environment exposure). Each
pen was 6 m wide by 13.5 m long (9 m of bed and 4.5 m of feeder space). In the OD-GRZ
treatment, the cows were confined in an outdoor soil-bedded pen with shade. The outdoor
soil-bedded pens (OD) consisted of 2 paddocks (which alternated according to the mud
conditions), each with the following measurements: 5.2 m wide by 46 m long (shaded area:
4.8 m?/cow). The water was disposed of ad libitum for all the treatments.
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The total mixed rations were composed of whole plant sorghum or corn silage (CP:
5.9, 5.8%; NDF: 51.5, 41.7%; and ADEF: 30.7, 22.5%; respectively), rye grass silage (CP: 10.9%;
NDF: 49.6%; and ADEF: 29.9%), fescue hay (CP: 9.7%; NDF: 68.3%; and ADEF: 37.4%), and
a commercial concentrate mix (CP: 25.5%; NDF: 34.5%; and ADEF: 13.5%). Their chemical
composition is presented in Table 1. The TMRs were formulated according to the National
Research Council [46], for a body weight of 650 kg and 45 L/d of milk production (4% milk
fat) for the CB-TMR treatment. In the MSs’ (CB-GRZ and OD-GRZ), the supplementation with
TMRs was adjusted to ensure that the cow requirements and productivity goals were met. In
the CB-TMR treatment, the cows were fed ad libitum twice a day (5:30 am and 8:00 pm). In
the mixed systems, TMRs were offered once a day at 8:00 am from November to April.

Table 1. Chemical compositions and fatty acid profiles in pasture and total mixed rations (TMR)
during Section 1: individual milk samples in both moments of lactation (ML1 and ML2) and Section
2: MilkP and cheese manufacture.

Individual Milk Samples Cheese Manufacture
Section 1 Section 2
ML1 ML2
TMR Pasture TMR Pasture TMR Pasture
CP (% DM) 21.6 12.2 20.1 14.2 164 21.25
NDF (% DM) 34 59 33 26 26 44
ADF (% DM) 19 30 19 19 15 20
FAs (g/100 g)
C8:0 0.07 nd 0.11 nd 0.5 0.7
C10:0 0.04 1.56 0.02 nd 1.1 1.5
C12:0 0.35 0.05 0.24 0.55 14 1.9
C14:0 0.74 0.57 0.59 0.65 43 5.6
Cl4:1 0.08 0.7 0.08 0.11 0.3 0.5
C15:0 0.07 3.17 0.08 0.83 0.5 0.7
C16:0 31.95 20.74 28.27 18.09 21.6 25.1
Cl6:1 0.47 2.19 0.49 1.93 0.8 0.9
C17:0 0.15 0.37 0.12 0.24 0.4 0.6
C17:1 0.03 0.03 0.04 nd 0 0.1
C18:0 3.51 2.04 2.99 523 48 6.9
C18:1cis 29.71 57 34 417 32 14.9
C18:1trans 0.19 nd 0.22 nd 0.9 1.7
C18:2cis 24.34 12.63 24.3 17.25 239 12.1
C18:3 (n-3) 3.86 32.51 3.97 39.1 43 18.5
C18:3 (n-6) 0.03 0.18 0.06 0.13 . .
C20:0 0.45 0.77 0.44 1.05 0.3 0.4
C22:0 0.15 2.56 0.42 1.78 0.3 0.3
C23:0 nd nd nd nd 04 1.5
C24:0 0.35 0.89 0.37 2 0.2 0.2
Ether extract (g/100) 3.5 1.6 4.1 1.5 3.5 24

ML1: 80 + 15 days in milk (DIM), ML2: 155 4 15 DIM. CP: crude protein; NDF: neutral detergent fiber; and ADF:
acid detergent fiber. nd: not detected.

The pasture was composed of tall fescue (Festuca arundinacea) (October-spring), soy
(Glycine max) (January—summer), and lucerne (Medicago sativa) + orchard grass (Dactylis
glomerata) (March-late summer). The herbage allowances (HA) were 28 kg DM /cow /day,
46 kg DM/cow /day, and 31 kg DM/cow/day, respectively. The herbage mass (kg DM/ha)
at the ground level was estimated weekly using the double sampling technique adapted
from Haydock and Shaw [47]. The method was calibrated fortnightly using a 5-point scale
with 3 replicates for each point. The herbage allowance was then determined, adjusting the
daily strip area for grazing. The grazing occurred in weekly occupation plots.

The THI values and precipitation from 10 d prior to the milk and cheese sampling
are shown in Figure 1. The temperature humidity index was calculated according to
Bernabucci et al. [29].

2.2. Experimental Design

Based on the times of the sample collection (spring and summer vs. late summer) and the
type of the samples (individual milk vs. pooled milk and cheese), the study was divided into
two sections. The first section was based on individual cow milk during spring and summer,
and the second section was based on polled milk and cheese during late summer (Figure 2).



Animals 2023, 13, 1426

50f17

A)
90.0 q

80.0 4

70.0

60.0

THI

30.0

20.0

g Average-THI Maximum-THI Minimum-THI

B)
90.0

80.0

70.0

60.0

THI

500

400

Q)

900 1

60.0 -

THI

500 A

400 A1

200

-

Q Q Q Q Q Q Q Q Q Q O Q Q Q Q N
AUV R A VS (A U VR LA LA L LGP LA L L G L
N S N N A I S\ G PN N G G S SO G

Time (days)

60.0

50.0

40.0

300

20.0

10.0

0.0

60.0

50.0

40.0

300

20.0

10.0

0.0

60.0

50.0

40.0

300

20.0

10.0

0.0

Precipitation-mm

Precipitation-mm

Precipitation-mm

Figure 1. Temperature humidity index (THI) (average, maximum, and minimum) and precipitation

(mm) (A) 10 days before milk sampling in spring (ML1); (B) 10 days before milk sampling in summer

(ML2); and (C) late summer (MilkP sampling for cheese manufacture). Dotted arrow indicates

sampling time.
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Figure 2. Experimental design. Section 1: Individual cow milk during spring and summer. Section 2:
Pooled milk and cheese manufacture during late summer.

2.2.1. Individual Cow Milk during Spring and Summer

All the cows were milked twice a day (4:00 am and 5:00 pm) and the individual milk
yields were individually recorded.

The fat-corrected milk (FCM) yield was standardized at 3.5% fat and calculated ac-
cording to Pastorini et al. [48] and Mendoza et al. [49]

The total mixed rations, pasture samples (Table 1), and individual milk samples (the
composite sample representative of both daily milkings) were collected at two moments
of lactation: ML1: 80 &+ 15 days in milk (DIM; October: spring; early lactation) and
ML2: 155 £ 15 DIM (January: summer; mid-lactation)

2.2.2. Pooled Milk and Cheese Manufacture during Late Summer

For the cheese making, pooled milk (MilkP) was collected from both milkings (am and
pm) in each pen into 60 L buckets. The trials were performed over two consecutive weeks
during March (late summer: 210 & 15 DIM). The pooled milk was obtained from 2 pens
for each treatment in each week. This resulted in a total of 12 cheeses being manufactured
in the experiment (each treatment: n = 4). This study followed a similar methodology
to other studies, with the production system having effects on the characteristics of the
cheese [16,44,45]. Unlike the aforementioned studies, ours used more experimental units.
The pooled milk was stored and transported under refrigerated conditions (4 °C) to the
Latitud-Fundacién LATU pilot plant (Montevideo, Uruguay). The MilkP was standard-
ized to 3.0% fat in a Westfalia Separator skimmer model LWA 205-1 (Oelde, Germany).
Dambo-type cheeses were produced, as previously described by Escobar et al. [50]. Briefly,
the cheese making process was carried out in a 50 L double O vat with a double jacket
and a controlled mechanical agitation and cutting system. The milk was pasteurized at
72 °C for 15 s when the milk had cooled to 32 °C and CaCl? (Promilk®, Arras, France) and
a mesophilic homofermentative starter culture (CHR HANSEN R 704, Christian Hansen,
Denmark) were added. Thirty minutes later, the coagulant 100% chymosin (Maxiren®, Hot-
sholm, Denmark) was added, and the cultured milk was allowed to set for approximately
30 min. The curd was cut until a size of “corn grain” was obtained, which was cooked
until 42 °C (stirring continuously). After this cooking, the whey was drained off, and the
curd was distributed into a 1 kg polypropylene cylinder mold and pressed for 3 h (with
intermediate rotations). The acidification of the cheese was measured after the pressing,
and the pH was checked until it reached the final pH of 5.40 £ 0.1, where it was kept at
4 °C for 16 h. Afterward, the cheeses were salted in brine (19 °B) for 5 h. Then, they were
kept in a chamber at 4 °C = 2 for 24 h, after which, the cheeses were vacuum packed. The
cheeses were kept in a ripening chamber at 12 °C for 30 d until the analysis.

The total mixed rations and pasture were taken on the same day of the milk collection
(MilkP) for the cheese manufacture (Table 1). The MilkP samples for the FAP analysis were
taken from the pilot plant (LATU) after the pasteurization (before cheese manufacture) and
the cheese samples were taken after 30 d of ripening.
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2.3. Samples Analysis
2.3.1. Fat Yield

The milk fat content (%) was determined using LactoScope FT infrared (FTIR) (Delta
Instruments, Drachten, The Netherlands) at the COLAVECO in Colonia Suiza, Uruguay.

2.3.2. Fatty Acid Profile in Milk (Individual and Pooled) and Cheeses

The milk fat was extracted according to Hara and Radin [51] and the cheese fat was
extracted according to Folch et al. [52]. FA methyl esters were prepared via the trans-
methylation procedure described by Mossoba et al. [53]. These fatty acid methyl esters
were quantified using a gas chromatograph (Agilent Technologies 6890, Palo Alto, CA,
USA) and a mass spectrometer (Agilent Technologies 5973), as described by Grille et al. [7].
The samples were run in duplicate and the FAME standards (Supelco 47885-U, Bellefonte;
37 FAME from C4:0 to C24:0) were analyzed at regular intervals for quality control purposes
and to determine the recovery and correction factors for the individual FAs. The intra- and
inter- assay coefficients of variation for each measured analyte were, on average, 3% and
6%, respectively. The milk fat compositions were expressed in grams of each individual FA
per 100 g of the total FAs. The de novo FAs were considered to be the sum of the C4:0 to
C15:1 FAs, the mixed FAs to be the sum of C16 and C16:1, and the preformed FAs to be a
sum of >C17:0. The Atherogenicity and Thrombogenicity indexes (Al and TI) in the milk
were calculated as described by Ulbricht and Southgate [54]. The Atherogenicity index
(AI) was calculated as (12:0 + 4 x 14:0 + 16:0/(MUFA + PUFA) and the Thrombogenicity
index (TT) was (C14:0 + C16:0 + C18:0) (0.5 x MUFA + 0.5 x (n — 6) +3 x(n — 3)/(n — 6).
The FA analysis was performed at the Technological Laboratory of Uruguay (LATU) in
Montevideo, Uruguay.

2.3.3. Pasture and TMR Chemical Composition and Fatty Acid Profile

The pasture and TMRs were weighed and oven dried at 55 °C for 48 h, in order to be
later analyzed to determine their dry matter (DM), crude protein (CP), neutral detergent
fiber (NDF), and acid detergent fiber (ADF) contents, according to AOAC (2000) [55]. The
total nitrogen for the CP estimation was analyzed with the Kjeldahl method according to
AOAC (1984), as were the digestion with sulfuric acid and the subsequent distillation and
titration [56]. The neutral detergent fiber used a-amylase and both the NDF and ADF were
measured using an ANKOM200 Fiber Analyzer (ANKOM Technology Corp., Fairport, NY,
USA), according to Méndez et al. [23]. The lipids were extracted according to Folch et al. [52],
and the FAP was performed as previously described for the milk and cheese samples.

2.4. Statistical Analysis

The milk yield (kg/d), fat yield (kg/d), fat content (%), and FAP (%) from Section 1
were analyzed with an ANOVA for repeated measures using the GLIMMIX of SAS (SAS
Studio, Shinjuku, Tokyo). The Shapiro test was used to evaluate the normal distribution
of the data. The goodness of fit for each model was checked by a visual inspection of the
residuals. The election of the final models considered the Akaike’s information criterion
(AIC). The statistical model for the milk yield, fat (content and yield), and FAP included
the treatments (CB-TMR, CB-GRZ, and OD-GRZ), moments of lactation (ML1 and ML2),
and interactions between the treatments and moments of lactation as fixed effects, and the
cow was considered as a random effect within each treatment. For the individual milk data
(Section 1), the experimental unit was the cow, while for the MilkP and cheese (Section 2),
the pen was considered as the experimental unit and the treatment was considered as a
fixed effect. In Section 2, the week was considered as a random effect. In all the variables,
the post-calving days were included as co-variables. Post hoc comparisons were performed
with the Tukey—Kramer test. For a better visualization of the results, when the data sets
from both moments of lactation (ML1 and ML2) in each treatment were analyzed, they
were expressed as the average of the treatments (AT). In total, three treatments (CB-TMR,
CB-GRZ, and OD-GRZ) were analyzed and the data sets from each moment of lactation
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were expressed as the average lactation moment (AML), either for the M1 (AML1) or M2
(AML2). The results were considered to be significant with an alpha of <0.05 and trends
between 0.05 and 0.10. The data are presented as mean & SEM (standard error of the mean).

3. Results
3.1. Milk Yield and Fat (% and kg/d)

There were treatment and moment of lactation effects on the milk and fat yields (kg/d),
but the interactions between the factors were not significant (Table 2). The milk and fat
yields were greater for the CB-TMR treatment than for the CB-GRZ and OD-GRZ treatments
(p < 0.001), and there was no difference between both the MSs (CB-GRZ and OD-GRZ). The
milk yield was higher for AM1 than AM2 (p = 0.03) and the fat yield tended to be higher
for AML1 than AML2 (p = 0.07). There were no treatment and moment of lactation effects
and there was no interaction between the treatments and moments of lactation in the milk
fat content (%) (Table 2).

Table 2. Milk yield and fat (mean £ SEM) in confined (CB-TMR) and mixed systems with low
(CB-GRZ) and high (OD-GRZ) environmental exposure in spring calving cows at two moments of
lactation (ML1 and ML2).

CB-TMR CB-GRZ OD-GRZ p Value
ML1 ML2 AT ML1 ML2 AT ML1 ML2 AT AML1 AML2 T ML l;l-d]t
M(lil;}lée)ld 413 +£1.0 394+ 1.0 407 £0.7% 299 + 1.1 277+ 1.1 2834+0.7Y 28.7+ 1.0 265+ 1.0 2754+07Y 329+064 3114068 <0.001 0.03 ns
o

3'(5k/;;/F§)M 395+ 1.1 365+ 1.1 385+ 0.8% 268 +£12 2594+ 12 264+08Y 274412 257+ 12 26.6 +0.8Y 3144074 295+07B <0.001 0.04 ns
Fat

(%) 34+0.1 32+0.1 34+01 31+02 32402 31+01 33+02 33+02 33+01 33+0.1 32401 ns ns ns

(kg/d) 14 +0.05 1.2 +£0.05 1.3 +0.04% 0.9 +0.05 0.8 +0.05 0.9 +0.04Y 0.9 £ 0.05 0.8 +0.05 0.9 +0.04Y 1.05 £ 0.03 0.98 +0.03 <0.001 0.07 ns

T: treatment; ML: moments of lactation; and T * ML: interaction between treatments and moments of lactation.
Treatments: CB-TMR, CB-GRZ, and OD-GRZ. ML1: 80 + 15 days in milk (DIM), and ML2: 155 £ 15 days in milk
(DIM). AT: average from both moments of lactation in each treatment; AML1: average from treatments (CB-TMR,
CB-GRZ, and OD-GRZ) in ML1; and AML2: average from treatments (CB-TMR, CB-GRZ, and OD-GRZ in ML2).
Fat-corrected milk standardized at 3.5% fat (3.5% FCM). Different letters indicate significant difference (p < 0.05):
%Y indicate significant difference between AT; AB indicate significant difference between AML. ns: no significance.
3.2. Milk fatty acid profile.

3.1.1. Individual Cow Milk during Spring and Summer

There was a treatment effect (p < 0.05) on the SFAs, UFAs, and MUFAs, n-3, n-6, and
n-6/n-3, trans, mixed, and preformed FA content, and atherogenicity (AI) and thrombo-
genicity indexes (TI) of the milk (Table 3). The saturated FAs, n-6, n-6/n-3 ratio, Al, and
TI were greater for the CB-TMR treatment than the CB-GRZ and OD-GRZ treatments
(p < 0.001), and CB-TMR had lower UFAs, MUFAs, and trans FAs than CB-GRZ and OD-
GRZ (p < 0.001). Additionally, CB-TMR had a lower n-3 than the milk from the CB-GRZ
cows (p = 0.0001), but no difference was observed for OD-GRZ. Between the mixed systems,
CB-GRZ had a greater n-3 than OD-GRZ (p = 0.005). There was moment of lactation effect
on the SFAs, UFAs, MUFAs, n-6, novo FAs, mixed FAs, Al, and TI (Table 3). The saturated
FAs, n-6, de novo, Al, and TI decreased from AML1 to AML2 (p < 0.01). The MUFAs, UFAs,
and mixed FAs increased from AML1 to AML2 (p < 0.001). The polyunsaturated FAs tended
to be greater at AML1 than AML2 (p = 0.08). There was an interaction of the n-3, n-6, and
mixed FAs between the treatment and the moment of lactation (Table 3). In ML1, CB-GRZ
had a greater n-3 than CB-TMR and OD-GRZ (p = 0.02; p = 0.004). For ML2, CB-GRZ had a
greater n-3 than CB-TMR (p = 0.04), while OD-GRZ was intermediate. None of the three
treatments showed differences in their n-3 values between ML1 and ML2 (Table 3). The
milk of CB-TMR had a greater n-6 than that of CB-GRZ and OD-GRZ (p < 0.001) at ML1
and ML2, and no differences were observed between the mixed systems at both moments
of lactation. The mixed FAs at ML1 were higher for CB-TMR than CB-GRZ and OD-GRZ
(p < 0.0001), which were similar to each other. At ML2, no differences were found between
the treatments for the mixed FAs (Table 3). The main changes in the SFAs were due to C4:0;
C6:0; C8:0; C10:0, and C12:0, which were greater for CB-TMR than CB-GRZ and OD-GRZ,
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but no differences were observed between both MSs (Table 4). Regarding C14:0 and C16:0,
there was an interaction between the treatment and moment of lactation (Table 4). At ML1,
the C16:0 in the milk was greater for CB-TMR than the MS (p < 0.001), but the C14:0 was
lower for CB-TMR and CB-GRZ than OD-GRZ (p = 0.04). At ML2, no differences were
found between the treatments for any FAs. Regarding PUFAs, C18:2, CLA, and C18:3
had a treatment effect (Tables 3 and 4). Both FAs were greater for CB-GRZ and OD-GRZ
than CB-TMR (p < 0.0001). Furthermore, the C18:3 was greater for CB-GRZ than OD-GRZ
(p = 0.001) (Table 4).
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Table 3. Fatty acid profile (FAP) (mean + SEM) in confined (CB-TMR) and mixed systems with low (CB-GRZ) and high (OD-GRZ) environmental exposure in spring
calving cows at two moments of lactation (ML1 and ML2).

CB-TMR CB-GRZ OD-GRZ p Value
ML1 ML 2 AT ML1 ML 2 AT ML 1 ML 2 AT AML1 AML2 T ML  T*ML
FA saturation (g/100 g of fat)
SFA 657405 628405  643+£04%  624+06 614406 619404y  634£06 61.6 £ 0.6 623+£04Y  637+03%  619+03% <0001  <0.001 ns
UFA 342+05 371405  357+04Y  37.5+06 384+ 06 379404 365+06 382406 374+£04%  361+£03%  379+£03% <0001  <0.001 ns
MUFA 201+05 323+£05  307+£03Y 327405 3B7+05 332+£04%  31.8+05 336+ 05 327+04%  312403% 3324034 <0001  <0.001 ns
PUFA 51401 48+0.1 49+0.1 48+0.1 47401 47401 47401 46+0.1 47401 49+01 47401 ns 0.08 ns
n-3 048004  045+£004¢ 046+002Y 0670047 061004  0644003* 043+£004° 057£004% 051+£003Y 053+£003 0544003  <0.001 ns 0.03
n-6 34401° 29+01° 314007  26+01% 24401° 2.5+ 0.077 22401 23+01° 224007Y 2740054  25+£006%  <0.001 0.03 0.02
n6/n3 71403 64+03 68+£01* 34403 47403 38402 44403 39403 424027 49402 48401 <0.001 ns 0.08
Trans 41402 42402 424017 51402 52402 52401* 55402 51402 53+£0.1% 49401 48401 <0.001 ns ns
FA origin (g/100 g of fat)
De novo
(C4:0-C15:1) 193405 172405 18203 194405 161+ 05 17.7 £ 03 195405 159+ 05 177403  194+03%  164+03° ns <0.001 ns
Mixed origin
(C16:0 + Cl6:1) 376+£05%  374+£05° 375404  336+05°  3664+05°  351+£04Y  332+05°  3654+05°  348+£04Y  348+03%  368+03% <0001 <0001  0.002
Preformed
(>C17:0) 436+07 452407  442+£05%  469+07 471407 470+£05Y  465+07 474407 469+05Y  455+07 465+07  <0.001 0.06 ns
SEA/UFAratio 1.9 +0.04 174004  184003*  16+0.04 1.5 +0.04 164+003Y 174004 1.6 + 0.04 164003Y  17+£0024  16+002° <0001  <0.001 ns
At&eggff%lty 22£005 194005  214£004%  19£005 1.84+0.05 1940047 214006 1.8 4 0.06 194004Y 2140034  19+£003% <0001  <0.001 ns
Thri\“ézzg(%“ty 34005 30+007  32+005%  2.9+008 2.8+ 0.07 28+005Y 304007 2.9+ 0.07 294005Y  314+004%  29+004% <0001  0.005 ns

T: treatment; ML: moments of lactation; and T * ML: treatment and moments of lactation interaction effect. Treatments: CB-TMR, CB-GRZ, and OD-GRZ. ML1: 80 + 15 days in milk
(DIM), and ML2: 155 + 15 DIM. AT: average of both moments of lactation in each treatment; AMLI1: average of treatments in ML1; and AML2: average of treatments in ML2. Different
letters indicate significant difference (p < 0.05): *¥ indicate significant difference between AT; B indicate significant difference between AML; and **¢ indicate significant difference in
treatment by moment of lactation interaction. ns: not significant. SFA: saturated; MUFA: monounsaturated; PUFA: polyunsaturated; and UFA: unsaturated.
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Table 4. Individual fatty acid profilse (FAP) (mean £+ SEM) in confined (CB-TMR) and mixed systems with low (CB-GRZ) and high (OD-GRZ) environmental

exposure in spring calving cows at two moments of lactation (ML1 and ML2).

CB-TMR CB-GRZ OD-GRZ p Value
ML1 ML2 AT ML1 MIL2 AT ML1 ML2 AT AML1 AML2 T ML T*ML
FA
(/100 g of fat)
C4:0 0.84 £ 0.03 0.6 £+ 0.03 0.72 +0.02* 0.79 £ 0.03 0.52 £0.03 0.65 4 0.02 0.7 £ 0.03 0.52 £ 0.03 0.61 4 0.02Y 0.77 +0.024 0.55+0.02 8 0.003 <0.001 ns
C6:0 0.94 +0.03 0.73 £ 0.03 0.83 £ 0.02* 0.85 +0.03 0.67 £+ 0.03 0.76 £ 0.02¥ 0.84 +0.03 0.61 +0.03 0.72 £0.02Y 0.88 £0.014 0.67 £ 0.01B 0.001 <0.001 ns
C8:0 0.77 £ 0.02 0.6 & 0.02 0.68 £ 0.02 0.70 +0.03 0.52 +0.03 0.68 +0.02Y 0.66 + 0.03 0.47 £ 0.03 0.57 4 0.002 ¥ 0.71 £0.024 053+001% <0001  <0.001 ns
C10:0 2240.07 1.7 £0.02 1.2 £0.05% 1.9 £0.08 1.4+£0.08 1.7 £0.06 ¥ 1.7 £0.08 1.3 +£0.08 1.5+ 0.06Y 1.9 +£0.044 1540048 <0.001 <0.001 ns
C12:0 2.5+0.08 2.2+0.08 2.4 +0.05% 2.340.08 1.8 £0.08 2.140.06Y 2+0.08 1.8 £0.08 1.9 £0.06Y 23+0044 1.9+0.048 <0.001  <0.001 ns
C14:0 9.7 +03" 9.0 £0.20¢ 9.340.25 9.7 +£03" 85+0.2¢ 9.140.26 10.84+0.3° 84+02¢ 9.6+0.3 103 +£024 826 +028 ns <0.001 0.005
Cl14:1 cis 0.63 +0.05° 0.81 +0.05® 0.72 £+ 0.03 0.88 £ 0.06 ° 0.76 + 0.06 * 0.82 4 0.04 0.64 =+ 0.06 *° 0.76 + 0.06 * 0.72 4 0.04 0.72 4+ 0.03 0.78 £ 0.03 0.08 ns 0.03
C15:0 1.2 +£0.04 1.2 £0.04 1.2 £0.03Y 1.9 £0.04 1.5+£0.04 1.7 £0.03* 1.7 £0.04 1.6 £0.04 1.7 +£0.03* 1.6 £0.024 146 £0.028 <0.001 <0.001 ns
C16:0 3574052 353+£052 35.5+0.35% 31.2+£05° 343+£052 32.7£0.38Y 31.3+05° 3414052 32.7£0.29Y 327 +03" 346+£034 <0.001  <0.001 0.001
C16:1 cis 1.6 & 0.08 2 1.8 +£0.087 1.7 £0.06 1.8 £0.09° 1.8 £0.09° 1.8 £0.06 1.3£0.09° 1.9+£0.097 1.6 £ 0.06 13+0058 1940054 ns <0.001 0.001
Cl6:1trans  0.33 £0.03 ¢ 0.35 £ 0.03 «¢ 0.35+£0.02%  051+0.03> 044 40.03b 0.47 +0.02Y 0.75 +£0.032 0.48 £ 0.03 ¢ 0.62 £ 0.02* 0.53 +0.024 043 +0.02%  <0.001  <0.001 <0.001
C18:0 10.6 £0.43 10.3 £0.43 10.5 £ 0.31 11.5 £ 045 10.6 = 0.45 114+ 0.32 115+ 045 11.2 £ 045 114 £0.32 11.2£0.2 10.7 £ 0.02 ns ns ns
C18:1 cis 22.8 +£0.43° 25.6 +0.43° 242 £0.31 247 £045° 257 +£045% 2524032 246 +045° 257 +045° 252 £0.32 2414038 2574034 0.03 <0.001 0.07
C18:1 trans 33 +£0.15 33+0.15 33+0.11Y 4140.16 4.4 +0.16 424011 4+0.16 4+0.16 4+£011% 3.7 +0.09 3.9 40.09 <0.001 ns ns
C18:22CLA 0.73 £ 0.06 © 0.82 £ 0.06 ¢ 0.77 £0.04Y 1.0 £ 0.06 *° 1.15+0.067 1.1£0.04% 1.2 £0.067 1.1+ 0.06 1.12 £0.04 0.98 £ 0.03 1.0 £0.03 <0.001 ns 0.04
C18:3 (n-3) 0.26 +0.03 0.24 +0.03 0.25 £ 0.02~ 0.53 +0.03 0.46 +0.03 0.49 + 0.02* 0.39 £ 0.03 0.36 + 0.03 0.38 +0.02Y 0.39 +0.02 0.35 4+ 0.02 <0.001 ns ns

T: treatment; ML: moment of lactation; and T * ML: treatments and moment of lactation interaction. Treatments: CB-TMR, CB-GRZ, and OD-GRZ. ML1: 80 =+ 15 days in milk (DIM),
and ML2: 155 + 15 days in milk (DIM). AT: average of both moments of lactation in each treatment; AML1: average of treatments in ML1; and AML2: average of treatments in ML2.

Different letters indicate significant difference (p < 0.05): *¥# indicate significant difference between AT; P indicate significant difference between AML; an

difference in treatment and moment of lactation interaction. ns: no significance.

d ab,cd

indicate significant
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3.1.2. Fatty Acid Profile in Pooled Milk and Cheese

A treatment effect was observed for the n-3, n-6, and n-6/n-3 ratios in the MilkP and
cheese (Table 5). The MilkP and cheese from the CB-TMR treatment had a greater n-6
and n-6/n-3 ratio than the CB-GRZ and OD-GRZ treatments (p < 0.01). Regarding n-3,
for the MilkP, CB-TMR was lower than that of CB-GRZ and OD-GRZ (p < 0.0001). In the
cheese, the n-3 was lower for CB-TMR than CB-GRZ (p = 0.03), but no difference was found
between CB-TMR and OD-GRZ. There was no difference in any of the FAs between the
mixed systems for both the MilkP and cheese (Table 5).

Table 5. Fatty acid profiles (FAP) of milk and cheese (mean + SEM) in confined (CB-TMR) and mixed
systems with low (CB-GRZ) and high (OD-GRZ) environmental exposure in spring calving cows.

MilkP Cheese
p Value p Value
CB-TMR CB-GRZ OD-GRZ T CB-TMR CB-GRZ OD-GRZ T
FA saturation (g/100 g of fat)

SFA 63.5+0.9 64.5 1+ 0.9 64.1+0.9 ns 642 +0.5 644105 64.7 £ 0.5 ns
MUFA 323+£0.7 312+£07 316 £0.7 ns 318 £0.5 315 +£05 31.3£05 ns
PUFA 40+£02 3.0£02 41+£02 ns 38+0.1 3.8+0.1 38+0.1 ns

n-3 026+0.03* 0514+0.03Y  0.5040.03Y <0.001 0434+0.03* 0554+0.03Y  0.46£0.03% <0.001

n-6 25+£01% 19+01Y 1.85+0.1Y <0.001 29£0.1% 26+01Y 23£01Y <0.001
n6/n3 95+£0.1% 37+£01Y 37+£0.1Y <0.001 71£05% 48+05Y 52+05Y <0.001
Trans 35+0.1 42+01 20+0.1 <0.001 3.6+0.1 3.8+0.1 39+£02 ns

MilkP: milk from pen. T: treatment. Treatments: (CB-TMR, CB-GRZ, and OD-GRZ). Different letters indicate
significant difference (p < 0.05). Y indicate significant difference between treatment (CB-TMR, CB-GRZ, and
OD-GRZ). ns: no significance. SFA: saturated; MUFA: monounsaturated; and PUFA: polyunsaturated.

4. Discussion

In this study, it was evidenced that the main changes in the individual milk, MilkP,
and cheese were observed between the confined system (CB-TMR) and mixed systems
(CB-GRZ, and OD-GRZ). However, the differences in the facilities during the confinements
in the mixed systems (compost-bedded pack barns vs. outdoor soil-bedded pen) affected
some of the FAs in the milk which are beneficial to humans.

The CB-TMR system had a higher milk yield and fat yield (kg/d) compared to both
the mixed systems, which is in accordance with the findings of Salado et al. [57] and
Bargo et al. [58]. This difference in the fat yield (kg/d) was due to the higher milk yield in
CB-TMR, since there were no differences in the fat contents (%) between the treatments.
The milk from CB-TMR (Section 1), as well as the MilkP and cheese from this treatment
(Section 2), showed clear differences in their fatty acid profiles compared to those from
the mixed systems (CB-GRZ and OD-GRZ), as evidenced by a higher percentage of UFAs,
MUFAs, C18:2 (CLA), and C18:3 (n-3), as well as a lower percentage of SFAs and a lower
n-6/n-3 ratio. Given that low concentrations of UFAs, MUFAs, C18:2 (CLA), and C18:3 (n-3),
a higher percentage of SFAs, and a higher n-6/n-3 ratio are associated with less healthy
milk [59,60], our results show that the fatty acid profiles in the milk from CB-TMR are less
healthy than those from the mixed systems. In addition, the mixed-system milk (at both
moments of lactation) had better atherogenicity and thrombogenicity indexes compared
to that from CB-TMR. For the MilkP and cheese, those from the CB-TMR treatment had a
lower n-3, a higher n-6, and a higher n-6/n-3 ratio than those from the MSs. The fact that
the MS cows had a better fatty acid profile in their milk, MilkP, and cheese compared to
the CB-TMR cows (in favor of the beneficial FAs for human health) could be due to the
greater contribution of the precursors to the milk FAs, such as C18:2 and C18:3, which are
provided by the pasture [2,8]. These results confirm what has been reported in other studies,
where the milk and dairy products from mixed systems (grazing + TMR) present higher
proportions of MUFAs and PUFAs, lower atherogenic risks and SFAs, a lower n-6/n-3 ratio
(the recommended value should be below 4/1; Simopoulos [61]), Al, and TI, and a higher
content of healthy FAs (i.e., n-3), from the point of view of human health, compared to
TMR-fed systems [7,9,20,35,48,62]. In addition, although the cows from the pasture-based
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systems had a better milk fat quality, this was to the detriment of the milk’s fat yield. In
this sense, the lower milk and fat yields in the mixed-system cows could be due to the
lower dry matter, lower energy intake, and higher energy requirements during grazing,
in comparison to the cows fed with TMRs ad libitum in confinement, which resulted in a
lower productive performance [58,63,64]. Therefore, our results highlight the importance
of pasture consumption for cows in mixed systems, presenting a better-quality fatty acid
profile in their milk and cheese compared to those without pasture consumption (100%
confined systems), despite its detriment to the productive variables.

Regarding the effect of environmental exposure (low and high) during confinement
on the milk fatty acid profiles, differences between the mixed systems were only found
at ML1 (spring, Section 1), but no differences were found between the mixed systems
for the MilkP and cheese in late summer (Section 2). In spring (ML1), when the OD-
GRZ cows were exposed to rain during confinement (Figure 1), a negative impact on
their milk fatty acid profiles was evidenced by the lower content of n-3 in their milk, in
contrast to the CB-GRZ cows. It has been reported that, when the facility conditions are
not comfortable enough, cows modify their behavior, with less time lying and more time
standing during confinement [65-68], which could later alter their grazing behavior in
order to recover the required resting time for their welfare [69,70]. In fact, this is consistent
with the results obtained by our team (in the same experiment), in which it was observed
that, when extreme external conditions occurred (accumulated rain and mud), the OD-GRZ
cows were lying less frequently during confinement, but more frequently during grazing
than the CB-GRZ cows [65]. Meanwhile, it is possible to speculate that these changes in
their ingestive behavior during grazing could have altered their dry matter intake, finally
impairing the milk fat quality (a decrease in n-3). Therefore, a lower exposure to the
environment during confinement (CB-GRZ) in a mixed system (confined in a fully roofed
barn with CB, protected from climatic conditions outside) improved some of the parameters
in the milk (C18:3 and n-3), thus making it healthier for human consumption. Contrary to
our original hypothesis, we did not find any differences in the milk FAPs between both
the mixed systems during the summer (ML2). Several studies have reported that heat
stress in summer affects milk production, yield, and fat content, as well as milk fatty acid
profiles [29-31,33,71,72]. Therefore, it was expected that, during summer, the OD-GRZ
cows, being more exposed to the environment during confinement, would present a greater
heat stress, resulting in a negative impact on their milk quality and FAs. However, such
differences in the milk fat quality between the mixed systems were not found, which could
be associated with the particular weather during that summer and the good conditions of
the outdoor soil-bedded pen used in our study. Therefore, this lack of difference could be
due to: (i) no high THI (as would be expected in the region during this season) or rainfall
values during the days prior to sampling; or (ii) the OD-GRZ facilities having enough
shade (according to the number of animals per pen) and water ad libitum, which could
have contributed to mitigating the negative effects of the summer on the OD-GRZ cows,
therefore preventing a negative effect on the milk fat quality. Roman et al. [40] observed
that heat stress mitigation strategies, such as a pen with shade (even with a THI below 72),
improved the performance and behavior of dairy cows. Based on all of the above, under
the conditions carried out in this study and the environmental particularities of summer
and the outdoor soil-bedded pens, the OD-GRZ cows probably did not present negative
repercussions due to heat stress; thus, there were no changes in their milk.

Regarding the MilkP and cheese, we anticipated that, if the OD-GRZ cows suffered
more heat stress during the summer, this higher stress response would have had a greater
negative impact not only on the milk, but also on the final product, cheese. However, in
line with what was mentioned in Section 1 (with the individual milk during summer), the
greater exposure to the environment during confinement in a mixed system did not affect
the fatty acid profiles of the milk and cheese. Probably, as we commented before, the good
conditions of the outdoor soil-bedded pens and the characteristics of the environment in
the moments close to the sampling did not generate great enough changes in the animals
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to impact the quality of their milk and cheese, even with a THI above 72. In addition, the
fact that the cheeses were made during late lactation could have influenced the lack of
differences found in the fatty acid profiles between the mixed systems, given that heat stress
in late lactation would have had a lower effect on the solids than that in early lactation [40].
Furthermore, it is also important to consider that, in Section 2, the experimental unit was
smaller than that in Section 1; therefore, we are cautious in saying that there were no
differences. Future studies using a larger number of experimental units are needed to
confirm whether exposure to the environment during confinement in a mixed system
affects the FAs in pooled milk and cheese. In any case, in Section 2, it is highlighted that the
changes in the milk fatty acid profiles between the treatments were reflected in the fatty
acid profiles of the cheese; therefore, the cheeses reflected and retained the fat quality of
the milk.

5. Conclusions

The most important changes in the FAPs of the milk, MilkP, and cheese were due to
the presence of pasture in the cows’ diet, rather than a difference in the facilities during
confinement in an MS (compost-bedded pack barns vs. outdoor soil-bedded pen), which
was evidenced by the higher UFAs and MUFAs and lower SFAs and n-6/n-3 ratio in the
milk, and the higher n-3 and lower n-6 and n-6/n-3 in the MilkP and cheese from the MSs
than those from the CB-TMR treatment. Nevertheless, the compost-bedded pack barns
conditions presented a better quality of milk fat (a higher percentage of n-3 and C18:3 in
the milk) compared to that from the cows in the outdoor soil-bedded pen.
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