
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EFICIENCIA Y PARTICIÓN ENERGÉTICA 
DE DOS LÍNEAS GENÉTICAS HOLANDO 

BAJO PASTOREO 
 
 
 

 
Daniel Enrique TALMÓN TRAVERS 

 
 
 

Magíster en Ciencias Agrarias 
opción Ciencias Animales 

 
 
 

Noviembre 2020 
 
 



 II 

Tesis aprobada por el tribunal integrado por el Ing. Agr. (PhD) Pablo Chilibroste, el 

DMTV (PhD) Martín Aguerre y el Prof. (PhD) Nicolas Lopez-Villalobos el 26 de 

noviembre de 2020. Autor: Ing. Agr. Daniel Talmón. Director: Ing. Agr. (PhD) Diego 

Mattiauda, Co-directores: Ing. Agr. (PhD) Mariana Carriquiry y Ing. Agr. (PhD) 

Alejandro Mendoza. 

  



 III 

Dedico este trabajo a mi familia y amigos 
  



 IV 

AGRADECIMIENTOS 

 

A Mariana, un reconocimiento especial por “estar siempre” y guiarme durante 

todo este proceso de crecimiento personal y profesional. 

 

A Diego y Alejandro, por sus aportes a la discusión de los resultados y la buena 

disposición para darme una mano cada vez que los necesité. 

 

A mi familia y amigos, que de alguna u otra manera me acompañaron y 

apoyaron a lo largo de este camino. 

 

A Damián, por la ayuda incondicional de todos los días que me permitió 

cumplir este proyecto en mi vida. 

 

A Mercedes, por la colaboración brindada en cada período de medición durante 

todo el experimento, sin la cual este trabajo no hubiese sido posible. 

 

A todo el staff del Programa Nacional de Producción de Leche de INIA “La 

Estanzuela” por su apoyo y colaboración durante el desarrollo de los experimentos. 

 

La realización de esta tesis fue posible gracias al apoyo de la Agencia Nacional 

de Investigación e Innovación (POS_NAC_2017_1_141266) y la Comisión Sectorial 

de Investigación Científica (CISC I+D Iniciación).  



 V 

TABLA DE CONTENIDO 

 

PÁGINA DE APROBACIÓN…………………………………………………… II 

AGRADECIMIENTOS………………………………………………………….. IV 

RESUMEN……………………………………………………………………….  VII 

SUMMARY……………………………………………………………………… VIII 

1. INTRODUCCIÓN……………………………………………………………. 1 

1.1. PLANTEO DEL PROBLEMA………………………………………….. 1 

1.2. ANTECEDENTES BIBLIOGRÁFICOS……………………………….. 3 

1.2.1. Partición y utilización de la energía consumida en rumiantes…… 3 

1.2.2. El costo de mantenimiento y su impacto en la eficiencia 

energética de vacas lecheras en pastoreo…………………………… 7 

1.2.3. Líneas genéticas Holando divergentes…………………………… 10 

1.3. HIPÓTESIS Y OBJETIVOS DEL TRABAJO…………………………. 13 

1.3.1. Hipótesis…………………………………………………………. 13 

1.3.2. Objetivo general…………………………………………………. 13 

1.3.3. Objetivos específicos…………………………………………….. 14 

1.4. ESTRUCTURA DE LA TESIS…………………………………………. 14 

2. ENERGY PARTITIONING AND ENERGY EFFICIENCY OF TWO 

HOLSTEIN GENOTYPES UNDER A MIXED PASTURE-BASED 

SYSTEM DURING MID AND LATE LACTATION………………………. 16 

2.1. INTRODUCTION………………………………………………………. 17 

2.2. MATERIAL AND METHODS…………………………………………. 18 

2.2.1. Animal management and experimental design…………………… 18 

2.2.2. Data recording, sample collection and laboratory analysis………. 19 

2.2.3. Heat production measurements…………………………………... 19 

2.2.4. Weather measurements…………………………………………... 20 

2.2.5. Calculations and statistical analysis……………………………… 20 

2.3. RESULTS……………………………………………………………….. 20 

2.3.1. Body weight, milk production and composition…………………. 20 

2.3.2. Partitioning and energy efficiency……………………………….. 20 



 VI 

2.4. DISCUSSION…………………………………………………………… 21 

2.5. CONCLUSIONS………………………………………………………… 23 

2.6. REFERENCES…………………………………………………………... 24 

3. HOLSTEIN STRAIN AFFECTED ENERGY AND FEED EFFICIENCY 

IN A GRAZING DAIRY SYSTEM…………………………………………. 26 

3.1. ABSTRACT…………………………………………………………….. 27 

3.2. INTRODUCTION………………………………………………………. 28 

3.3. MATERIALS AND METHODS……………………………………….. 29 

3.3.1. Animals and experimental design……………………………….. 29 

3.3.2. Experimental period: daily routine, grazing management and 

weather conditions…………………………………………………. 31 

3.3.3. Data recording, sample collection and laboratory analysis……… 33 

3.3.4. Calculations and statistical analysis……………………………… 34 

3.4. RESULTS……………………………………………………………….. 37 

3.4.1. Milk production and composition………………………………... 37 

3.4.2. Organic matter digestibility, pasture intake and energy 

partitioning…………………………………………………………. 37 

3.4.3. Grazing behavior…………………………………………………. 39 

3.5. DISCUSSION…………………………………………………………… 41 

3.6. CONCLUSIONS………………………………………………………… 45 

3.7. CONFLICT OF INTEREST……………………………………………... 45 

3.8. ACKNOWLEDGEMENTS……………………………………………… 45 

3.9. REFERENCES…………………………………………………………… 46 

4. DISCUSIÓN Y CONCLUSIONES FINALES……………………………….. 50 

4.1. DISCUSIÓN……………………………………………………………… 50 

4.2. CONCLUSIONES FINALES……………………………………………. 56 

5. BIBLIOGRAFÍA……………………………………………………………… 57 

6. ANEXOS……………………………………………………………………… 64 

6.1. CALORIMETRÍA INDIRECTA………………………………………… 64 

6.1.1. Técnica de Frequencia cardíaca – Pulso de O2 (FC-O2P)………… 64  



 VII 

RESUMEN 

El objetivo del trabajo fue evaluar el efecto de dos líneas genéticas Holando 

(Holando neozelandés vs. Holando norteamericano; HNZ vs. HNA) sobre la partición 

de la energía metabolizable consumida (CEM) entre la producción de calor (PC) y la 

energía retenida (ER) de vacas lecheras en pastoreo. Se realizaron dos experimentos; 

en el experimento 1, las vacas fueron alimentadas mediante pastoreo y suplementadas 

con 1/3 de la dieta con concentrado mientras que en el experimento 2 las vacas se 

alimentaron exclusivamente con pastura mediante pastoreo. La PC se midió utilizando 

la técnica del pulso de O2 y la ER en leche se calculó en base a la producción de leche 

y su composición mientras que la ER en tejido se estimó a través de los cambios en 

peso vivo (PV) y condición corporal. En el experimento 1, las vacas HNA presentaron 

mayor PC y PC residual que se asoció con mayores requerimientos de energía 

metabolizable de mantenimiento (EMm) que las vacas HNZ. Sin embargo, a pesar de 

las diferencias en PC, la retención de la energía metabolizable consumida (ER/CEM) 

no fue afectada por la línea genética Holando. Por otro lado, en el experimento 2, las 

vacas HNZ presentaron un mayor consumo de pastura en relación a su PV que 

determinó un mayor CEM (kJ/kgPV0,75/d) que en las vacas HNA. El mayor CEM 

permitió una mayor dilución de los requerimientos de mantenimiento en las vacas 

HNZ resultando una mayor eficiencia alimenticia y ER/CEM. Los resultados de estos 

experimentos indicarían que la EMm (kJ/kgPV0,75/d) fue 10% mayor en las vacas HNA 

que HNZ, lo que probablemente pueda asociarse a un mayor tamaño relativo de 

órganos internos y/o una mayor proporción de proteína en su composición corporal 

como consecuencia de su selección genética. Se puede concluir que las vacas HNZ 

tendrían una mayor partición energética hacia la producción de leche que las vacas 

HNA cuando son alimentadas exclusivamente bajo pastoreo sin suplementación, 

mientras que estas diferencias no se expresarían bajo un sistema pastoril con alta 

suplementación con concentrado que permita levantar, al menos parcialmente, las 

restricciones en el CEM que impone el pastoreo en las vacas de alta producción 

(HNA). 

Palabras claves: gasto energético, ganado lechero, calorimetría indirecta  
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ENERGY PARTITIONING AND EFFICIENCY OF TWO HOLSTEIN STRAINS 

IN GRAZING CONDITIONS 

 

SUMMARY 

The aim of this work was to evaluate the effect of two Holstein strains (New 

Zealand Holstein vs. North American Holstein; NZH vs. NAH) on the partitioning of 

the metabolizable energy intake (MEI) between heat production (HP) and retained 

energy (RE) in grazing dairy cows. Two experiments were carried out; in experiment 

1, dairy cows grazed pasture and were supplemented with 1/3 of the diet as concentrate 

while in experiment 2, dairy cows only grazed pasture without supplementation. The 

HP was measured using the O2 pulse technique and RE in milk was calculated based 

on milk production and its composition while RE in tissue was estimated through 

changes in body weight (BW) and body condition score. In experiment 1, NAH cows 

had greater HP and residual HP, which were associated with a greater metabolizable 

energy requirements for maintenance (MEm), than NZH cows. However, despite the 

differences in HP, the energy partitioning of the MEI towards milk production and 

tissue (RE/MEI) did not differ between Holstein strains. On the other hand, in 

experiment 2, NZH cows had a greater pasture intake related to their BW and therefore, 

a greater MEI (kJ/kgBW0.75/d) than NAH cows. The greater MEI led to a greater 

dilution of the maintenance energy requirements for NZH than NAH cows which 

increased feed efficiency and RE/MEI in the former ones. The results of these 

experiments would indicate that MEm (kJ/kgBW0.75/d) was 10% greater for NAH than 

NZH cows which could probably be associated with a greater relative size of the 

internal organs and a greater proportion of body protein as consequence of the genetic 

selection. Moreover, we concluded that NZH cows could have a greater energy 

partitioning towards milk production than NAH cows when they are managed under a 

grazing system without supplementation. However, these differences are not expected 

when they are managed under a grazing system with supplementation of concentrate 

which allows to partially reduce MEI restrictions imposed by grazing conditions 

especially challenging for high-producing dairy cows (NAH). 

Keywords: energy expenditure, dairy cattle, indirect calorimetry
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1. INTRODUCCIÓN 

 

1.1. PLANTEO DEL PROBLEMA 

 

El aumento de la población genera un desafío sin precedentes al momento de 

asegurar la soberanía alimenticia del mundo. Recientes proyecciones indican que la 

población mundial continuaría con un crecimiento sostenido alcanzando 9,7 billones 

de personas para 2050 (United Nations, 2019) que incrementaría notoriamente la 

demanda por alimentos. En esta línea, el sector ganadero juega un rol crucial aportando 

a través de alimentos de origen animal el 18 y 34% de la energía y proteína consumida 

mundialmente, respectivamente (FAO, 2016). Sin embargo, el rápido aumento de la 

demanda por alimentos sumado también a un incremento en la presión de los 

consumidores sobre el cuidado y uso responsable de los recursos naturales (UNEP, 

2015) exige necesariamente una optimización en la eficiencia de los sistemas de 

producción. 

Los sistemas de producción de leche uruguayos no son ajenos a esta realidad 

que exige una mejora continua y sustentable de su productividad. Durante los últimos 

30 años la producción de leche en Uruguay ha crecido linealmente a una tasa de 3,2% 

promedio anual (DIEA, 2020) que lo ha posicionado como el 7mo país exportador 

mundial de leche exportando un 70% de su producción a más de 60 mercados (INALE, 

2014). Esta necesidad de comercializar la mayor parte de su producción en el mercado 

exterior lo expone a variaciones de oferta y demanda mundial que repercuten en una 

alta volatilidad del precio de la leche que recibe el productor y por lo tanto, el control 

de los costos de producción se vuelve un factor clave al momento de mantener la 

competitividad internacional. 

Los sistemas de producción de leche nacionales se caracterizan por ser sistemas 

de producción a cielo abierto con un fuerte componente pastoril en la dieta de sus 

animales, alcanzando la pastura cosechada directamente por el animal un 55% de la 

dieta anual y hasta un 75% la suma de pastura y reservas forrajeras que usualmente se 

producen dentro del propio sistema de producción (Fariña y Chilibroste, 2019). Debido 

al menor costo de los alimentos fibrosos frente a los alimentos concentrados, es que 
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esta alta proporción de forraje en la dieta de los animales permite a los sistemas de 

producción uruguayos mantener un bajo costo por unidad del litro de leche producido 

frente a otros sistemas con un mayor suministro de alimentos concentrados (Alqaisi et 

al., 2011). 

Sin embargo, ha sido reportado que la producción de vacas lecheras de alta 

producción manejada bajo condiciones de pastoreo es inferior a la de sus pares 

alimentadas en condiciones de estabulación consumiendo una dieta totalmente 

mezclada (DTM; Kolver y Muller, 1998; Bargo et al., 2002). La menor producción 

alcanzada en estas situaciones se explica por un menor consumo de materia seca (MS) 

que trae aparejado un menor consumo de energía metabolizable (EM), además de un 

aumento de los requerimientos energéticos de mantenimiento de los animales asociado 

con la caminata, búsqueda y cosecha del alimento (Agnew y Yan, 2000), así como 

también, por costos energéticos extras asociados al contenido de fibra y desbalance de 

energía: proteína en la dieta (Bruinenberg et al., 2002). Es así como, tanto el menor 

consumo de EM como los requerimientos energéticos de mantenimiento 

incrementados, llevan a una menor dilución de los últimos y por consiguiente una caída 

en la eficiencia alimenticia de estos animales (VandeHaar et al., 2016). 

Por otro lado, reportes de la interacción genotipo por ambiente dentro de la 

raza Holando (Kolver et al., 2002; McCarthy et al., 2007, Macdonald et al., 2008) 

demuestran la existencia de líneas genéticas dentro la raza que son más adaptadas para 

ser manejadas bajo condiciones pastoriles. En este sentido, vacas Holando de origen 

neozelandés (HNZ) presentan una menor respuesta a la suplementación que las vacas 

Holando de origen norteamericano (HNA) (Horan et al., 2005) indicando que las 

primeras tienen una mayor capacidad de cubrir sus requerimientos energéticos en base 

al consumo de pastura y por lo tanto, serían más adecuadas para ser utilizadas en 

sistemas pastoriles. 

En base a lo anterior y proyectando que durante los próximos años nuestros 

sistemas de producción lecheros van a continuar siendo predominantemente pastoriles, 

un punto clave para aumentar su productividad y la eficiencia es seleccionar una vaca 

capaz de satisfacer sus requerimientos energéticos maximizando el consumo de 

pastura mediante pastoreo (Dillon, 2006). En este contexto, este trabajo pretende 
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evaluar el efecto de la línea genética Holando sobre la partición energética entre 

producción y mantenimiento, y desde este punto contribuir a la identificación de una 

línea genética superior para ser utilizada en los sistemas de producción de leche de 

Uruguay. 

 

1.2. ANTECEDENTES BIBLIOGRÁFICOS 

 

1.2.1. Partición y utilización de la energía consumida en rumiantes 

 

El término “Energía” tiene múltiples definiciones entre las que se puede 

asociar una de ellas a la capacidad de realizar trabajo. Fisiológicamente hablando, el 

trabajo es todo proceso realizado por un ser vivo con el objetivo de crear y mantener 

su organización esencial. Para el caso de los organismos heterótrofos la energía 

proviene de la digestión de los alimentos consumidos que por medio de los procesos 

adecuados utilizarán la energía química que éstos proveen para vivir, crecer y 

reproducirse. 

Como se mencionó anteriormente, la energía se almacena en los alimentos 

mediante compuestos químicos. La cantidad de energía química de un alimento se 

puede estimar mediante la oxidación completa del mismo en una bomba calorimétrica 

que permite determinar la producción de calor durante el proceso. La cantidad de calor 

liberado de la oxidación completa de una unidad de peso de determinado alimento es 

conocido como su valor de energía bruta (EB) o calor de combustión. Una vez que el 

alimento es consumido no toda la EB está disponible para su uso por parte del animal, 

sino que a través de diferentes procesos digestivos-metabólicos parte de esta se pierde 

bajo forma de las heces, orina, metano y calor como se ilustra en la siguiente imagen 

(Fig. 1). 

 



 4 

 
Fig. 1. Partición de la energía consumida en rumiantes. Las pérdidas de energía se 

muestran dentro de cuadros sobre la izquierda. Fuente: McDonald et al. (2011). 

 

La energía digestible (ED) representa la energía de los alimentos que es 

potencialmente absorbida por el animal y se calcula como EB consumida menos la EB 

contenida en las heces. Luego, además de las pérdidas de energía en las heces, también 

existen pérdidas bajo la forma de compuestos químicos en orina (urea principalmente) 

o metano producido como consecuencia de la fermentación microbiana en el rumen y 

el intestino grueso. Al descontar estas pérdidas al contenido de ED se obtiene la 

energía metabolizable (EM). Las pérdidas de energía en orina van a estar directamente 

relacionadas con el consumo de proteína cruda del individuo, el balance energía: 

proteína de la dieta, el balance de aminoácidos y su relación entre ellos, mientras que, 

para el caso del metano, las pérdidas están asociadas al nivel y tipo de fibra en la dieta 

y todos los factores que afecten su digestibilidad. 

 Además de las pérdidas de energía en heces, orina y metano la ingestión de 

alimento por parte del animal desencadenará también pérdidas bajo la forma de calor. 

Si a un animal en ayuno se le suministra alimento, luego de unas horas su producción 

de calor comenzará a incrementarse por encima del nivel representado por el 

metabolismo basal (calor liberado en un animal en ayuno que representa la mínima 

energía requerida para mantener su vida). Las causas de este incremento en la 

producción de calor se deben a los procesos asociados a la digestión de los alimentos 
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y el metabolismo de los nutrientes derivados de ellos. Finalmente, al sustraer el 

incremento calórico (IC) de la EM se obtiene la energía neta (EN) que representa la 

cantidad de energía que está disponible para ser utilizada en funciones de 

mantenimiento y/o producción por parte del animal. 

La EN utilizada para funciones de mantenimiento (ENm) es usada para realizar 

trabajo dentro del organismo y dejará el animal como forma de calor mientras que 

aquella EN utilizada para crecer, engordar o producir leche será almacenada o 

excretada bajo la forma de energía química y será denominada energía neta de 

producción (ENp). Es importante entender que el calor liberado resultado de la ENm 

no es parte del IC, sino que fue efectivamente utilizada para un trabajo fisiológico 

(mantenimiento de la integridad celular y funciones vitales). 

A continuación, se muestra la relación entre el consumo de energía 

metabolizable (CEM) de un animal y su energía retenida (ER; Fig. 2). Cuando el CEM 

es cero, o sea el animal se encuentra en ayuno, la retención de energía es negativa (1 

en Fig. 2) por lo que el animal está bajo una situación catabólica de sus reservas 

corporales con el objetivo de obtener energía para mantenimiento de sus funciones 

vitales y que es perdida como calor. A medida que el CEM aumenta, el balance 

energético se vuelve menos negativo hasta alcanzar un balance energético neutro (2 

en Fig. 2). El CEM que se corresponde con un balance energético neutro (3 en Fig. 

2) representa el nivel a partir del cual el animal es capaz de cubrir la totalidad de sus 

requerimientos de mantenimiento y, por lo tanto, si el CEM es superior a este nivel, 

parte de esa energía será retenida en tejido corporal y/o leche. Sin embargo, si los 

requerimientos energéticos de mantenimiento se incrementan por alguna razón como 

por ejemplo la actividad en animales en pastoreo, los animales necesitarán incrementar 

su CEM para cubrir sus requerimientos de EMm para recién luego de este nivel retener 

energía en tejido y/o leche (4 en Fig. 2). 
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Fig. 2. Eficiencia en la utilización de la energía metabolizable (Adaptado de McDonald 

et al., 2011). 

 

La pendiente de la relación entre el CEM y la ER corresponde a la eficiencia 

en la utilización de la EM consumida y su opuesto al IC. Estos valores de eficiencia 

en el uso de la EM son conocidos como factores k seguido de un subíndice que indica 

la función fisiológica para la cual se está utilizando la EM. Estas eficiencias se ven 

afectadas por la metabolicidad del alimento consumido (q = EM/EB) y el proceso 

fisiológico para el cual es destinada la EM. Para funciones de mantenimiento y 

producción de leche las eficiencias son similares y elevadas (km y kl = 0,58 - 0,68) con 

respecto a funciones de deposición de tejido o producto de gestación (kg = 0,20 - 0,60 

y kc = 0,13 - 0,15; respectivamente) (McDonald et al., 2011) 
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1.2.2. El costo de mantenimiento y su impacto en la eficiencia energética de 

vacas lecheras en pastoreo 

 

Los mayores componentes que afectan la eficiencia energética y alimenticia de 

los animales son aquellos que alteran el mantenimiento y la dilución de los costos de 

mantenimiento, o, dicho de otra manera, la proporción de la EN que es capturada en 

leche y/o tejido corporal y que por lo tanto, no es usada para mantenimiento y perdida 

como calor (VandeHaar et al., 2016). Los costos energéticos de mantenimiento están 

afectados por tres componentes principales: el costo energético asociado al 

metabolismo basal (ENmb) de los animales, funciones de termorregulación y actividad 

(ENact) (CSIRO, 2007).  

La ENmb refiere a aquella energía necesaria para mantener funciones vitales, 

como la circulación y respiración, incluso cuando la vaca no está creciendo o 

produciendo en una zona termoneutral y sin movimiento. La ENmb fue dividida por 

Baldwin et al. (1980) en tres grandes clases: actividad de trabajo de órganos vitales 

(hígado, corazón, riñones, nervios, pulmones) representando el 40 – 50%; síntesis de 

componentes celulares (síntesis proteica principalmente y membrana lipídica) 10 – 

20% y transporte de iones a través de la membrana celular (mantenimiento del 

potencial de membrana y Na+, K+-ATPasa) 30 – 40%. Para vacas lecheras, NRC 

(2001) estima ENmb (Mcal/d) a través de la fórmula 0,08 × PV0,75 (peso metabólico). 

Sin embargo, evidencia reciente sugiere que la ENmb por unidad de peso metabólico 

se ha incrementado a lo largo del tiempo como consecuencia indirecta de la selección 

animal alcanzando valores 0,086 Mcal/kg PV0,75/d o incluso superiores (Moraes et al., 

2015). Las razones de la mayor ENmb de las vacas actuales podrían ser una mayor 

proporción de proteína en su estructura corporal (Nour et al., 1983) y un mayor peso 

relativo de los órganos internos (Agnew y Yan, 2000). De todas formas, McNamara 

(2015) reportó que la ENmb podría variar cerca de un 20% entre vacas con similar 

nivel de producción y por lo tanto, sería un aspecto relevante a tener en cuenta al 

momento de seleccionar animales más eficientes. 

La ENmb no solo está condicionada por factores propios del animal, sino que 

también está afectada por el tipo y composición de la dieta que éste consume. Animales 
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alimentados con una gran proporción de pastura y/o forrajes en su dieta generalmente 

presentan una ENmb mayor que otros alimentados con una mayor proporción de 

alimentos concentrados. En esta línea, Bruinenberg et al. (2002) comprobaron que la 

performance productiva de las vacas lecheras en pastoreo es usualmente menor a la 

esperada según la oferta energética. Estos autores estiman que los requerimientos de 

mantenimiento son 10% superiores a los que se asumen actualmente, debido 

principalmente al costo asociado al metabolismo y excreción de excesos de nitrógeno. 

A su vez, resultados de un meta-análisis de datos colectados de 32 cámaras 

calorimétricas, indicaron que los requerimientos de energía para mantenimiento 

(Mcal/kg PV0,75) no son constantes, como tienen adoptados diferentes sistemas de 

alimentación a nivel mundial, sino que se encuentran positivamente relacionados con 

el consumo de EM/kg PV0,75 (Dong et al., 2015a) y la relación forraje: concentrado de 

la dieta (Dong et al., 2015b), pero ninguno de estos factores afectó la eficiencia de uso 

de la EM para lactación (kl). 

Por otro lado, la ENact depende del sistema de producción; animales bajo 

sistemas de producción pastoriles usualmente caminan distancias más largas e ingieren 

forraje de menor contenido de MS que lleva a destinar más tiempo consumiendo para 

alcanzar similar consumo de MS que animales bajo confinamiento (Osuji, 1974). Este 

mayor trabajo muscular asociado a la caminata desde la pastura a la sala de ordeñe, 

búsqueda, selección y cosecha del alimento genera un incremento significativo en la 

producción de calor de estos animales frente a sus pares estabulados consumiendo una 

DTM. Kaufmann et al. (2011) evaluaron el gasto energético durante 6 horas por día de 

vacas lecheras Holando en lactancia temprana y reportaron que vacas en pastoreo 

tuvieron un gasto energético 21% mayor al de las vacas consumiendo la misma 

pastura, pero en estabulación. Además, estos autores reportaron correlaciones 

positivas entre el gasto energético y la caminata o el tiempo comiendo, lo cual indica 

que el mayor requerimiento de energía de vacas en pastoreo podría deberse en parte a 

la mayor actividad física de estos animales. 

Como se mencionó anteriormente a medida que una vaca aumenta el consumo 

de alimento, la proporción del alimento consumido que es utilizada para 

mantenimiento disminuye; esta “dilución del mantenimiento” incrementa la eficiencia 
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(Fig. 3). Durante las últimas décadas, la eficiencia alimenticia en la lechería 

norteamericana se ha incrementado notoriamente como consecuencia de la selección 

de animales con mayor potencial de producción acompañado de mejoras en las dietas  

y estrategias de alimentación que aumentaron la producción individual (Capper y 

Bauman, 2013) mientras que sistemas pastoriles como el neozelandés, también se 

incrementó la producción individual pero aplicando una fuerte presión de selección a 

través de un valor económico negativo para mantener y/o disminuir el peso vivo (PV) 

de las vacas asociado a un control de los costos energéticos de mantenimiento (Miglior 

et al., 2005). 

 

 
Fig. 3. Eficiencia bruta esperada según nivel de consumo. (Fuente: Adaptado de 

VandeHaar et al., 2016). 

 

Vacas lecheras en pastoreo consumen menos energía que vacas estabuladas 

consumiendo una DTM (Kolver y Muller, 1998) y a su vez, incrementan sus costos 

energéticos de mantenimiento a causa de la actividad y la composición de la dieta. 

Ambos aspectos atentan contra la dilución de los costos de mantenimiento y por lo 

tanto la eficiencia energética y alimenticia (Fig. 3). Por lo tanto, la mejora en la 

eficiencia productiva de los sistemas de base pastoril requiere de vacas lecheras con 

capacidad de consumir grandes cantidades de pastura en relación a su potencial de 

Grazing 

TMR - Indoor 
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producción de leche y de esta manera poder cubrir la mayor parte de sus 

requerimientos a través del pastoreo (Dillon, 2006). 

 

1.2.3. Líneas genéticas Holando divergentes 

 

Se ha identificado como uno de los principales problemas de los sistemas 

pastoriles, la incapacidad de las vacas de alto mérito genético para cubrir sus 

requerimientos energéticos cuando se las alimenta en mayor o menor medida mediante 

el pastoreo (Kolver y Muller, 1998; Bargo et al., 2002). A su vez, estudios recientes 

han demostrado una marcada interacción genotipo × ambiente (Horan et al., 2005; 

Dillon et al., 2006; Macdonald et al., 2008), indicando que el tipo de vaca más 

apropiado será función del sistema en el cual será manejada. Por lo tanto, entender la 

relación existente entre los diferentes genotipos Holando y el ambiente en el cual se 

desempeñan se ha vuelto cada vez más importante debido a que las vacas son 

manejadas en un diverso rango de ambientes a lo largo del mundo (Veerkamp et al., 

1994).  

En esta línea, se han observado interacciones entre el genotipo y la estrategia 

de alimentación para la producción de leche (Veerkamp et al., 1994; Fulkerson et al., 

2001; Kolver et al., 2002; Kennedy et al., 2003), eficiencia de conversión (Wang et 

al., 1992), PV y condición corporal (CC) (Berry et al., 2003), y fertilidad (Kolver et 

al., 2002). La constatación de que estos otros factores pueden afectar la rentabilidad 

de las explotaciones agrícolas ha conducido a un cambio de dirección hacia objetivos 

de mejoramiento genéticos más balanceados y sustentables a nivel mundial (Miglior 

et al., 2017). 

La selección genética generalmente se aplica al ganado lechero con el fin de 

mejorar la rentabilidad, y los índices de selección en los Estados Unidos han tenido un 

gran peso para la producción de leche (Shook, 2006). Esta selección causó un rápido 

aumento en la producción individual pero dando como resultado animales que tenían 

una menor CC durante la lactancia (Hansen, 2000). La menor CC está explicada por 

partición diferencial de nutrientes durante la lactación temprana, que sustenta un 

mayor pico de producción de leche (Drackley et al., 2006) y la incapacidad de estas 
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vacas para direccionar nutrientes a la recuperación de CC (Roche et al., 2006). Esta 

partición de nutrientes se asocia con una baja performance reproductiva (Chagas et al., 

2007; Roche et al., 2007). En esta línea, Veerkamp et al. (1994) discutieron la 

posibilidad de que las vacas lecheras de alto mérito genético no puedan mantener su 

ventaja genética bajo un sistema de bajo nivel de insumos ya que el aumento en la 

eficiencia energética bruta de estas no es debido a una mejor utilización del alimento, 

sino a un mayor grado de catabolismo del tejido corporal y a una simple dilución del 

costo de mantenimiento. Por lo tanto, de alcanzar el límite en la tasa de movilización 

de tejido o en la cantidad de tejido movilizable, determinaría la interacción genotipo × 

ambiente. 

Por otro lado, la selección en los sistemas pastoriles estacionales incluye rasgos 

relacionados con la rentabilidad del sistema y la longevidad de la vaca dentro del 

mismo (Harris y Kolver, 2001). Kolver et al. (2002) compararon la performance 

productiva de vacas HNZ vs. HNA en un experimento factorial 2 × 2 donde a cada 

genotipo se alimentó bajo pastoreo o DTM. Los autores reportaron una mayor 

producción de leche con un menor contenido de grasa y proteína para las HNA, así́ 

como también, un mayor PV y menor CC durante la lactancia en relación a las HNZ. 

En este trabajo se observó interacción genotipo × dieta para producción de leche, 

sólidos, eficiencia de producción y ganancia de PV durante la lactancia, siendo estas 

variables mayores para HNA en DTM y mayores para HNZ en pastoreo. Sin embargo, 

en un experimento llevado a cabo en Irlanda, Dillon y Buckley (1998) comparando 

vacas HNA de alto mérito genético vs. Holando irlandés de medio mérito genético, no 

encontraron interacción genotipo × ambiente, indicando que las vacas de mayor mérito 

genético producen más tanto en sistemas pastoriles como confinados. Para Kolver et 

al. (2002) las vacas HNA tienen dificultades para consumir suficiente pastura extra 

para cubrir sus mayores requerimientos de mantenimiento como consecuencia de un 

mayor PV y por lo tanto, producen similar cantidad de sólidos que las HNZ. Los 

autores sugieren que las vacas HNZ se encuentran mejor adaptadas a sistemas de 

alimentación pastoriles. Esto es coincidente con lo reportado por Baudracco et al. 

(2010) con respecto a que la selección genética centrada en la producción individual 

ha producido una vaca que ha incrementado su respuesta a la suplementación, reducido 
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su CC y fertilidad, y es incapaz de cubrir sus requerimientos sin la oferta de 

suplementos de alta calidad. Consecuentemente, este tipo de vaca tiene una limitada 

sustentabilidad en los sistemas pastoriles, particularmente aquellos de alta carga y de 

parición estacional.  

Roche et al. (2006) analizaron el efecto del genotipo Holando y el nivel de 

suplementación sobre la performance productiva, variación de PV y CC usando 113 

lactancias de 76 vacas en pastoreo. Los autores no reportaron interacción genotipo × 

nivel de suplementación para los parámetros estudiados. Las vacas HNA 

suplementadas tuvieron un mayor pico y producción de leche corregida a 270 días y 

la suplementación con concentrado tendió́ a acelerar la tasa de incremento al pico de 

producción. La persistencia de la lactancia no se vio afectada por el genotipo ni por el 

nivel de suplementación. Las vacas HNZ alcanzaron el nadir de CC 14 días antes, 

ganaron más CC post-nadir y perdieron menos PV postparto que las HNA; además, la 

tasa de ganancia de CC se incrementó linealmente con la suplementación. A nivel 

nacional Pereira et al. (2010) reportaron que vacas cruzas HNA × HNZ vs. HNA no 

presentaron diferencias en producción de leche o sólidos a lactancias corregidas a 305 

días, pero si reportaron diferencias a favor de las cruzas cuando se expresó la 

producción en sólidos producidos por unidad de peso metabólico (PV0,75).  

Escasa es la bibliografía a nivel mundial realizando comparaciones entre los 

genotipos Holstein enfocadas en el gasto y eficiencia energética. Vacas con alto 

potencial de producción son incapaces de lograr una buena performance productiva-

reproductiva bajo sistemas pastoriles como consecuencia de un balance energético 

negativo acentuado, por lo tanto, es de gran interés identificar genotipos que sean 

capaces de cubrir sus requerimientos energéticos en estos sistemas. Thanner et al. 

(2014) midieron el gasto energético bajo pastoreo en vacas HNZ vs. Holstein suizo en 

lactancia avanzada y no reportaron diferencias en producción ni gasto energético por 

kg PV0,75. Coincidiendo con este último autor, Xue et al. (2011) no encontraron efecto 

del genotipo en la eficiencia de uso de la EM para lactación (kl) y la partición de la 

energía entre leche y tejido para vacas primíparas Holando vs. Holando × Jersey. 

Además, ambos genotipos presentaron similar EMm (0,69 MJ/kg PV0,75). Dong et al. 

(2015a) tampoco reportaron diferencias en el gasto energético o la eficiencia de 
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utilización de la energía para vacas Holstein, Norwegian o la cruza de Holstein × 

Jersey. Por otro lado, Aharoni et al. (2006) reportaron similar PC para vacas Holstein 

vs. cruza Montbeliarde × Holstein, pero la mayor producción de las HNA determinó 

una mayor eficiencia bruta y disminuyó un 23% los requerimientos de EM por unidad 

de energía en leche en relación con las cruzas Montbeliarde. 

En este sentido, se puede concluir que no está claro el efecto de la línea genética 

Holando sobre el costo de mantenimiento ni la eficiencia energética de vacas lecheras 

bajo sistemas pastoriles con o sin suplementación y por lo tanto, generar información 

con el objetivo de identificar el genotipo que mejor se adapte al pastoreo es necesario 

para maximizar la eficiencia de producción de estos sistemas. 

 
 

1.3. HIPÓTESIS Y OBJETIVOS DEL TRABAJO 

 

1.3.1. Hipótesis 

 

Cuando ambas líneas genéticas Holando son alimentadas mediante estrategias 

que determinen altos consumos de pastura mediante pastoreo, las vacas HNZ presentan 

una mayor partición energética hacia productos (leche y tejido) como consecuencia de 

una mayor dilución de los requerimientos energéticos de mantenimiento que las vacas 

HNA.  

 

1.3.2. Objetivo general 

 

Evaluar y cuantificar los componentes del balance energético, así como 

también la partición de la energía consumida de vacas lecheras de dos líneas genéticas 

Holando divergentes (HNZ vs. HNA) manejadas bajo estrategias de alimentación 

pastoriles. 
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1.3.3. Objetivos específicos 

 

• Cuantificar la producción de calor (PC) y la energía retenida (ER) en leche y 

tejido, así como también la eficiencia de uso de la energía consumida de vacas 

lecheras multíparas Holando de diferente línea genética bajo una dieta de base 

pastoril con suplementación durante lactancia media y tardía. 

• Evaluar la partición de la energía consumida entre la producción de calor (PC) 

y la energía retenida (ER) en leche de vacas lecheras multíparas Holando de 

diferente línea genética alimentadas bajo una dieta exclusivamente pastoreo 

durante lactancia media-tardía. 

• Comparar las estimaciones del requerimiento de EMm frente a los valores 

propuestos por el modelo NRC (2001). 

 

 
1.4. ESTRUCTURA DE LA TESIS 

 

La estructura central de la tesis consiste en dos artículos científicos. El primero 

titulado “Energy partitioning and energy efficiency of two Holstein genotypes under 

a mixed pasture-based system during mid and late lactation” constituye el Segundo 

capítulo de esta tesis. Este artículo se encuentra publicado en Livestock Science 239, 

104166 (doi:10.1016/j.livsci.2020.104166) y tuvo como objetivo cuantificar y evaluar 

la PC, la partición energética entre mantenimiento y producción (leche y tejido) y la 

eficiencia energética de dos líneas genéticas Holando (HNZ vs. HNA) en un sistema 

de base pastoril durante lactancia media y tardía (Objetivo específico 1). Los 

resultados indicaron que las vacas HNA presentaron mayores requerimientos de EMm 

que las vacas HNZ y en ambas líneas genéticas este valor fue mayor al valor de EMm 

propuesto por el NRC (2001) mientras que kl no fue diferente entre las líneas genéticas 

evaluadas. A pesar de las diferencias en EMm, la eficiencia energética (ER/CEM) no 

difirió entre las líneas genéticas durante el experimento. Sin embargo, con el avance 

de la lactancia las vacas HNZ disminuyeron su CEM asociado a una menor producción 

de leche en comparación a las vacas HNA; a pesar del menor CEM durante la lactancia 
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tardía de las vacas HNZ, su eficiencia energética fue similar a las vacas HNA debido 

a sus menores requerimientos de EMm. 

El tercer capítulo de la tesis se compone de un segundo artículo científico que 

fue enviado a Animal Production Science y se titula “Holstein strain affected energy 

and feed efficiency in a grazing dairy system”. El objetivo de este trabajo fue evaluar 

y cuantificar la partición energética entre mantenimiento y producción de leche de dos 

líneas genéticas Holando divergentes manejadas bajo un sistema pastoril sin 

suplementación (Objetivo específico 2). Los resultados demostraron que las vacas 

HNZ presentaron una mayor eficiencia alimenticia y energética que las vacas HNA 

bajo pastoreo sin suplementación. La mayor eficiencia en las vacas HNZ estuvo 

asociada a una mayor dilución de los requerimientos de mantenimiento que las vacas 

HNA que se explicó por dos factores centrales: mayor CEM (kJ/kg PV0,75/d) en las 

vacas HNZ como consecuencia de un mayor consumo de pastura relativo a su PV; y 

menor requerimientos de EMm. 

El cuarto capítulo de la tesis se compone de una discusión general y 

conclusiones globales sobre el problema abordado. 
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Highlights: 

• Heat production was greater in North American than New Zealand Holstein 

cows 

• Adjusted energy efficiency was not different between Holstein genotypes 

• Fasting heat production was greater in North American than New Zealand 

Holstein 

• Grazing activity increased 20% metabolizable energy maintenance 

requirements 

• Residual heat production was greater in North American than New Zealand 

Holstein 
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A B S T R A C T

The objective was to evaluate the effect of the Holstein genotype (North American Holstein vs. New Zealand
Holstein; NAH vs. NZH, respectively) in a pasture-based system on heat production (HP), energy partitioning
between maintenance and production (milk and tissue) and energy efficiency during two different stages of
lactation. Twenty-eight Holstein dairy cows (14 cows of each genotype) with similar calving date (May 5,
2018± 23 days) were managed in a pasture-based system and supplemented with one third of the predicted
total dry matter intake as concentrate. Heat production, retained energy in milk and tissue, metabolizable energy
intake (MEI) and the proportion of MEI retained in milk + tissue (RE/MEI) were measured at 115 and 192±19
days in milk and residual HP was estimated by the difference between measured HP and predicted HP based on
NRC (2001) model according to body weight, body condition score and milk production. The NAH cows were
60±15 kg heavier and produced 4.7± 1.0 kg/d more milk with lower percentages of fat and protein than NZH
cows. However, there were no differences in fat or protein yield per day between genotypes. Metabolizable
energy intake, retained energy in milk and tissue, HP and RE/MEI were not different between genotypes at 115
days in milk. Nevertheless, at 192 days in milk the MEI, HP and residual HP were lower in NZH than NAH,
whereas RE/MEI was not different when both genotypes were managed under a pasture-based system with one
third of the consumed diet as concentrate. The capacity of NZH cows to maintain the same RE/MEI than NAH
cows at 192 days in milk despite of the lower MEI, was due to a lower metabolizable energy requirement for
maintenance (853 vs. 729 kJ/body weight0.75 per day for NAH and NZH, respectively). Indeed, the lower energy
requirement for maintenance in NZH was associated with a lower fasting heat production since kl were not
different between genotypes. Thus, NZH cows could have a lower proportion of their body as protein mass or a
lower relative mass of the internal organs involved with digestive and circulatory functions. However, further
investigation is necessary to understand the differences in maintenance energy requirements between the
Holstein genotypes.

1. Introduction

Pasture-based milk production systems have gained international
interest during recent decades due to their economic benefits and their
advantages in relation to environment care, animal welfare and product
quality (Dillon, 2006). However, it has been reported that high-yielding
Holstein cows are not able to express their full production potential
under grazing systems. Hence, energy supplementation is necessary to
reach milk yields greater than 30 kg/day or to maintain an adequate
body condition score (BCS) that ensures a successful lactation
(Kolver and Muller, 1998; Dillon et al., 2003). Nevertheless,

Bargo et al. (2002) reported that high-yielding grazing dairy cows
supplemented with 40% of the diet as concentrate also produced less
milk than those fed with a balanced total mixed ration. Thus, the in-
clusion of grazed pasture in the diets of dairy cows clearly depresses
milk yield even with high supplementation levels.

However, Holstein genotypes managed under grazing systems pre-
sented different responses in milk-solid production to concentrate
supplementation which reflected their capacity to meet their energy
demands from the grazed pasture (Horan et al., 2005). Historically,
selection within the Holstein breed has been accompanied by an in-
crease in the proportion of North American genes with the aim of
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increasing individual milk yield but, the interaction between cow
genotype and production system indicates that dairy genotypes must be
evaluated and selected within systems similar to those in which they
will be managed (Dillon, 2006). Indeed, previous research has de-
monstrated that, under grazing systems New Zealand Holstein (NZH)
cows had lower milk yield with greater milk-solid concentrations,
mobilized less body reserves, had lower metabolic stress and better
reproductive performance than North American Holstein (NAH) cows
(Roche et al., 2006; Lucy et al., 2009). Moreover, NZH cows presented a
reduced milk response to concentrate supplementation and greater ef-
ficiency in the use of pasture for milk production than NAH cows
(Horan et al., 2005; Macdonald et al., 2008) which indicates a greater
adaptability to grazing systems for NZH cows.

Milk production of grazing cows is often lower than predicted by
different feeding systems (Agnew and Yan, 2000). Dong et al. (2015a)
performed a meta-analysis of calorimetry chamber experiments and
showed that, contrary to the recommendations of international feeding
systems, metabolizable energy maintenance requirements (MEm) were
not constant but increased with metabolizable energy intake (MEI) and
with the proportion of the forage in the diet. The greater MEm could be
related to dietary fiber concentration and to protein:energy imbalance
from pastures (Bruinenberg et al., 2002). Moreover, MEm not only
depends on the diet quality, but is also affected by animal physical
activity (Agnew and Yan, 2000). Recently, it has been demonstrated
that heat production of grazing dairy cows was 18 to 20% greater than
non-grazing cows fed with the same pasture chopped indoors
(Kaufmann et al., 2011; Dohme-Meier et al., 2014).

To our knowledge, only one study has reported the heat production
(HP) of Holstein dairy cows of different genotypes (Swiss Holstein vs.
NZH) grazing during late lactation and the authors concluded that si-
milar milk yields and small differences in body weight (BW) and phy-
sical activity led to similar HP, expressed per kg BW0.75, in both gen-
otypes (Thanner et al., 2014). Further characterizing and quantifying
heat production of diverging Holstein genotypes in a pasture-based
system is key to accurately estimate energy requirements of grazing
dairy cows (Dohme-Meier et al., 2014).

We hypothesized that when both genotypes are managed in a pas-
ture-based system, NZH cows would have a greater energy efficiency,
partitioning more energy towards milk production as consequence of a
lower MEm than NAH cows. Thus, the objective of this experiment was
to quantify and evaluate heat production, energy partitioning between
maintenance and production (milk and tissue) and energy efficiency of
two Holstein genotypes (NAH vs. NZH) in a pasture-based system
during mid and late lactation.

2. Material and methods

The experiment was carried out in 2018 as a part of a larger grazing
trial at the Experimental Station of the Instituto Nacional de
Investigación Agropecuaria - “La Estanzuela” (Colonia, Uruguay; lati-
tude: 34° 21′ 14′' S, longitude: 57° 41′ 43′' W). All the experimental
procedures were approved by the INIA's Commission on Ethics in Use of
Experimental Animals (file #INIA2017.2).

2.1. Animal management and experimental design

Twenty-eight autumn calving Holstein dairy cows, 14 NZH
(547±67 kg BW and 3.27±0.20 BCS at calving) and 14 NAH
(589±43 kg BW and 2.95±0.23 BCS at calving), with at least 87.5%
proved ancestry belonging to their corresponding genotype
(Mejoramiento y Control Lechero Uruguayo; https://www.mu.org.uy),
were used in a complete randomized design. Cows were paired between
genotypes according to calving date (May 5, 2018±23 days) and
lactation number (3.1± 0.8 lactations) and immediately after calving
were managed as a contemporary group according with their genotype
in mixed grazing system.

Throughout the experiment cows grazed Dactylis
glomerata + Medicago sativa (75% of the time) and Festuca arundinacea
(25% of the time) pastures in a rotational-grazing manner returning to
defined grazing areas when the major part of the grass tillers had be-
tween 2.5 to 3 leaves. Pasture was offered in daily strips and cows of
each genotype grazed separately to keep similar herbage allowance
relative to their BW and also to ensure breeds behaved independently,
and avoid dominance effects of NAH on NZH cows due to differences in
BW (Phillips and Rind, 2002) that could affect animal performance and
bias results.

Herbage mass was measured weekly in every paddock by a pasture
meter with an infrared sensor which is capable of measuring sward
height (C-Dax pasture meter; C-Dax Ltd, Turitea, New Zealand). The
pasture meter was previously calibrated, and an equation was de-
termined for each forage species to convert herbage height to herbage
mass above 5 cm from ground level (Waller et al., 2017). On the other
hand, pasture growth rate was estimated by the difference in herbage
mass and the days elapsed between two consecutive measurements.
Herbage allowance (kg DM/d per cow) was adjusted weekly, based on
pasture growth rate in the grazing platform and on stocking rate with
the objective that daily herbage allocation for the cow group was equal
to the pasture growth rate of the grazing platform. When forage al-
lowance was considered restrictive to reach the predicted DM intake,
cows were restrictively supplemented with conserved forage (corn si-
lage and pasture haylage mix; 80:20± 12% on DM basis, respectively)
to ensure to reach the predicted DM intake according to the
National Research Council (NRC) model for Dairy Cattle (2001). Con-
served forages were offered in a feeding parlor immediately before the
afternoon milking and DM intake was measured by the difference be-
tween the amount offered and refused. Moreover, pasture quality was
maintained on the grazing platform by removing surplus pasture as
haylage or through strategic use of mowing. Pasture herbage allow-
ances and conserved forage supplementation were adjusted every week
based on the weekly pasture growth. Also, cows were individually
supplemented with concentrates during milking twice a day (0400 h
and 1400 h) at a rate of 33% of predicted daily DM intake to ensure that
cows of each genotype had the same proportion of concentrate in the
diet (Table 1).

During HP measurement periods (from August 20 to September 10
and from November 6 to November 26; at 115 and 192±19 days in

Table 1
Estimated group dry matter (DM) intake of pasture, concentrate and conserved
forage (mean± SD) for Holstein cows of two different genotypes and at two
different stages of lactation.

Stage of lactation

115 DIM 192 DIM

Item NZH NAH NZH NAH

Estimated DM intake (kg/cow
per day)

Pasture1 8.1± 4.1 10.9±
4.4

7.9± 3.0 9.8± 2.1

Concentrate2 6.9± 0.2 7.7±0.3 6.0± 0.4 6.9± 0.4
Conserved forage2 4.5± 2.4 3.1±3.1 3.6± 1.6 4.0± 1.7
Total dry matter intake 19.6±

2.3
21.7±
1.6

17.6±
2.2

20.6±
1.4

DIM = Days in milk; NZH = New Zealand Holstein; NAH = North American
Holstein
SD represents the variation between the measurement groups within each heat
production measurement period.
1 Calculated as (Metabolizable energy intake (MJ/d) – consumed con-

centrate (kg DM/d) × energy concentration of concentrate (MJ/kg DM) –
consumed conserved forage (kg DM/d) × energy concentration of conserved
forage (MJ/kg DM)) / energy concentration of pasture (MJ/kg DM).
2 Estimated by the difference between the feed offered and refused.
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milk (DIM), mid and late lactation, respectively) cows grazed the same
pasture (Dactylis glomerata + Medicago sativa or Festuca arundinacea)
with similar pre-grazing structure and herbage allowance expressed as
percentage of their BW (Table 2). Also, there were no differences in the
chemical composition and energy concentration of the grazed pastures
for each genotype (Table 3). Cows were given access to their daily
herbage allowance after milking, with access to freshwater.

2.2. Data recording, sample collection and laboratory analysis

Daily milk production was measured using automatic milk meters
synchronized to Dairy Plan software (Dairy Plan; GEA Farm
Technologies, Düsseldorf, Germany). Milk samples for chemical com-
position were collected fortnightly from both am and pm milking and
preserved with potassium dichromate 5% (Lactopol®, Grupo Benzo,
Uruguay) and subsequently analyzed for fat, protein and lactose by a
milk analyzer (Combi FOSS FT+, Foss Electric, HillerhØd, Denmark).
Cow BW and BCS were recorded fortnightly. Cow BCS was recorded by
the same trained operator according to a scale from 1 to 5 (1 represents
an excessively thin cow and 5 represents an excessively fat cow;
Edmonson et al., 1989) and BW was registered with an animal scale
model AD-4406 (A&D Weighing, Tokyo, Japan).

Samples (n=20) of weekly pre-grazed pastures were taken above 5
cm from ground level, dried at 60°C for 48 h, and composited by week
and subsequently by month. Conserved forage samples were collected
weekly in the feeding parlor and composited by month and a sample of
concentrate was obtained during each measurement period.
Composited samples were analyzed (Animal Nutrition Laboratory, INIA
“La Estanzuela”) for DM, crude protein (CP) and ash (AOAC, 1990) and
neutral detergent fiber (NDF) and acid detergent fiber (ADF) (Ankom
Technology Method, Macedon, NY, USA).

2.3. Heat production measurements

Heat production was measured by the heart rate (HR) – O2 pulse
(O2P) technique (Brosh et al., 1998) which was validated to estimate

HP for different ruminant species, diets and environmental conditions
(Brosh, 2007) and recently used for measuring HP in grazing dairy cows
(Jasinsky et al., 2019). During each HP measurement period (115 and
192± 19 DIM), cows were measured in three groups of eight or ten
cows balanced according to genotype and DIM and each group was
measured successively in a different week during four to five con-
secutively days.

The HR-O2P technique is based on the indirect estimation of HP
through O2 consumption measurement and it was calculated assuming
20.47 kJ/L O2 consumed (Nicol and Young, 1990). Oxygen consump-
tion (VO2) was calculated as VO2 = HR × O2P where O2P is the
amount of O2 consumed per heartbeat. The HR was recorded using
Polar® devices (Polar Electro Oy, Kempele, Finland), with a model H10
HR transmitter and a RCX3 data logger watch model. Both electronic
devices were mounted on the animal using an elastic belt fitted around
the thorax and behind the forelegs and conductive gel was used to
ensure conductivity. The HR was recorded for at least 4 consecutive
days every 5 second intervals. The O2P was estimated as the ratio be-
tween O2 consumption and HR when both were measured simulta-
neously for 12 min. Oxygen consumption was measured using a face-
mask open-circuit respiratory system (Fedak et al., 1981), and the
accuracy of the system was checked gravimetrically by nitrogen injec-
tion (N2 recovery) into the facemask (McLean and Tobin, 1990). The N2
recovery at 115 DIM was 101± 2% and at 192 DIM was 103±5%. The
O2P measurements were made once at each measurement period no
more than 15 d before or after the 4 d-HR measurement.

During the VO2 measurement the cow was immobilized in a cattle
squeeze and a conical neoprene facemask was placed covering the
mouth and nose to ensure that all the exhaled air by the cow entered the
system. Inside the system, samples of the exhaled air were taken au-
tomatically in which O2 concentration was measured by a paramagnetic
O2 analyzer model Servopro 1440 (Servomex®, Crowborough, East
Sussex, UK). The air flux into the system was calculated by differential
pressure measurement with a very low differential pressure transducer
(Model 267; Setra; Boxborough; USA) and relative humidity and tem-
perature within the system was recorded by HygroClip S electronic

Table 2
Forage allowance, pre and post-grazing herbage mass and height and forage disappearance of the pastures grazed during the experiment.

Pasture

115 DIM 192 DIM P-value

Item NZH NAH NZH NAH SEM G SL G × SL

Forage allowance1 (kg DM/100kg of BW) 2.49 2.37 2.76 2.62 0.19 0.513 0.176 0.955
Pre-grazing herbage mass1 (kg DM/ha) 1512 1559 1495 1669 71 0.134 0.503 0.357
Pre-grazing herbage height (mm) 145 148 143 156 5
Post-grazing herbage mass1 (kg DM/ha) 545 518 424 620 40 0.040 0.808 0.006
Post-grazing herbage height (mm) 76 74 68 82 3
Forage disappearance1 (kg DM/ha) 916 1068 1082 1047 57 0.321 0.203 0.100
Forage disappearance (mm) 65 75 76 74 4

DIM = Days in milk; NZH = New Zealand Holstein (n=14); NAH = North American Holstein (n=14); G = Genotype; SL = Stage of lactation.
1 Herbage mass measured above 5 cm from ground level.

Table 3
Chemical composition and metabolizable energy concentration (mean±SD) of the feedstuff offered during the experiment.
Item Conserved forage Concentrate Pasture at 115 DIM Pasture at 192 DIM

Dry matter (%) 40.0± 6.7 85.2± 0.6 18.4± 3.9 22.4± 1.7
Crude protein (% DM) 11.6± 1.8 22.2± 0.4 24.6± 2.8 22.6± 1.5
Neutral detergent fiber (% DM) 43.8± 2.6 28.7± 3.6 51.5± 3.1 49.9± 2.3
Acid detergent fiber (% DM) 28.0± 2.9 11.9± 1.4 31.6± 3.1 28.0± 1.3
Ash (% DM) 9.2± 1.8 8.4± 0.3 12.0± 0.5 12.0± 0.7
Metabolizable energy1 (MJ/kg DM) 9.9± 0.4 12.2± 0.1 10.5± 0.2 10.5± 0.1

SD represents the variation between feedstuff samples.
1 According to NRC (2001).
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sensor (Rotronic AG, Basserdorf, Switzerland) to estimate the VO2
under standard conditions. Data were simultaneously recorded in 5
seconds intervals by a dataTaker DT 50 (dataTaker®, Rowville
Melbourne, Victoria, Australia). Finally, VO2 was estimated through the
difference between the O2 concentration of the exhaled air and the
atmospheric O2 concentration (20.95%), multiplied by the air flow and
corrected to standard conditions of temperature, humidity and pres-
sure. Thus, HP (kJ/BW0.75/d) = HR (beats/min) × O2P (mL O2/kg
BW0.75/beat)× 20.47 (kJ/mL O2)× 60 min/h× 24 h/d. Prior to VO2
and HR measurements, cows were accustomed to wear the facemask
and the elastic belt three times before the measurements to avoid biases
in results as a consequence of working with stressed animals. We ver-
ified that cows were not stressed during the VO2 measurement com-
paring the HR recorded during VO2 measurement with the HR recorded
during the four consecutively days at the same moment of the day.

2.4. Weather measurements

Temperature and relative humidity were recorded daily by an au-
tomatic meteorological station located 2 km from the experimental site.
During the first measurement (at 115 DIM) period the average daily
temperature, relative humidity and temperature humidity index (THI;
Valtorta and Gallardo, 1996) were 11.8°C, 77% and 53, respectively.
Whereas, in the second period (192 DIM) the average daily tempera-
ture, relative humidity and THI were 20.9°C, 69% and 67, respectively.

2.5. Calculations and statistical analysis

Retained energy in milk (REmilk) and retained energy in tissue
(REtissue) were estimated by the equations reported by the NRC model
for Dairy Cattle (NRC, 2001) using individual cow records. Retained
energy in milk (REmilk) was calculated based on daily milk production
and its composition, using 38.8, 22.8 and 16.5 MJ/kg for milk fat, crude
protein and lactose, respectively according to the following equation
[Eq. 1]:

= ◊ + ◊+ ◊REmilk(MJ/d) 38.8 kg fat/d 22.8 kg crudeprotein/d
16.5 kg lactose/d; (1)

Retained energy in tissue (REtissue) was calculated taking into ac-
count changes in BW and BCS. Using cow BW and BCS records, linear,
quadratic and cubic models were tested for each cow and the more
suitable models (based on adjusted-R2) were selected to estimate the
changes in BW and BCS during the measurement period according to
corresponding DIM. Each cow had a model that represented its BW or
BCS according to DIM along the entire lactation. Changes in BW during
the measurement period was estimated by solving the integral of the
model (BW as a function of DIM) to the DIM of each cow at the HP
measurement. Estimation of tissue mobilization or repletion and its
proportion of fat and protein according to the following equations
[Eq. 2 – 6]:

= ◊REtissue(MJ/d) REtissue(MJ/kg tissue)
change empty body weight(kg/d), (2)

where = ◊Empty body weight (kg) BW (kg) 0.817, (3)
and

= ◊+ ◊REtissue (MJ/kg tissue) Proportion empty body fat 39.3
Proportion empty body protein 23.2,

(4)
where = ◊Proportion empty body fat 0.037683 BCS ,1 9 (5)

and = ◊Proportion empty body protein 0.200886 0.0066762 BCS ;1 9 (6)
Total retained energy (RE) was calculated by the sum of

REmilk + REtissue and MEI was estimated as total RE + HP. Predicted
HP was calculated from BW and total RE using the coefficients of 335
kJ/kg BW0.75/d for maintenance requirement, 0.62 and 0.64 for effi-
ciency of use of ME for maintenance (km) and lactation (kl) and 0.82 and
0.75 for tissue loss and deposition (kg), respectively (NRC 2001). Re-
sidual HP was estimated by the difference between the measured HP
and predicted HP according the following equations [Eq. 7 - 8]:

= ◊ + + <Residual HP MEI ((335kJ BW )/0.62 REmilk/0.64 REtissue/0.82), if REtissue 0
0.75

(7)
or

= ◊ + + >Residual HP MEI ((335kJ BW )/0.62 REmilk/0.64 REtissue/0.75), if REtissue 0.
0.75

(8)
Data were analyzed using the SAS software (SAS® University

Edition, SAS Institute Inc., Cary, NC, USA). All variables were analyzed
with a mixed model using repeated measurements by the MIXED pro-
cedure. The model included genotype (NZH vs. NAH), stage of lactation
(115 vs. 192 DIM) and its interaction as fixed effects, group of mea-
surement within stage of lactation as a random effect, and calving date
as a covariate to take into account the differences in DIM between cows
in each stage of measurement. The compound symmetric covariance
structure was specified and the Kenward-Rogers procedure was used to
adjust denominator of degrees of freedom. Univariate analyses were
performed on all variables to check the normality of residuals and
identify outlier data. Means were considered to differ when P ≤ 0.05,
and trends were identified when 0.05 < P < 0.10.

Correlation analyses were performed using the CORR procedures
and regressions between HP and MEI and between total RE and MEI
were fitted as a linear mixed model using the MIXED procedure with
cow genotype included as a fixed effect and cow as a random effect; as
the effect cow genotype was significant; regressions within genotype
were adjusted. Fasting heat production (FHP) was estimated with the
intercept of the regression between HP and MEI, the kl value was cal-
culated by the slope of the regression between total RE and MEI, and
MEm was calculated by FHP/kl.

3. Results

3.1. Body weight, milk production and composition

The NAH cows were 60±15 kg heavier (P = 0.008) than NZH
cows and in average cows of both genotypes were 19± 15 kg heavier
(P < 0.001) at 192 DIM than 115 DIM. The NAH cows produced
4.7±1.9 kg/d more (P < 0.001) milk but with lower (P ≤ 0.050)
percentages of fat and protein than NZH cows (Table 4). Therefore,
there were no differences in fat or protein yield between genotypes, but
lactose yield was greater (P < 0.001) for NAH than NZH cows. There
was a genotype by stage of lactation interaction for lactose (P< 0.001)
as the percentage decreased (P < 0.001) from 115 to 192 DIM only in
NZH cows (Table 4). Milk, fat, protein and lactose yields decreased (P
< 0.010) from 115 to 192 DIM.

3.2. Partitioning and energy efficiency

The MEI did not differ between genotypes but was greater
(P= 0.008) at 115 than 192 DIM and there was a genotype by stage of
lactation interaction for MEI (P= 0.004) (Table 5). The MEI decreased
14% from 115 to 192 DIM for NZH cows, but only 7% for NAH cows,
thus, MEI was greater for NAH than NZH cows at 192 DIM. Total RE
and REmilk did not differ between genotypes but decreased (P <
0.010) from 115 to 192 DIM (Table 5). However, there was a trend for a
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genotype by stage of lactation interaction for total RE (P = 0.062) as
the decrease from 115 to 192 was greater for NHZ than NAH cows (28
vs. 20%, respectively). There were no differences between genotype or
stage of lactation for REtissue (Table 5).

Heat production was greater (P = 0.029) for NAH than NZH cows
due to a greater (P = 0.030) O2P (Table 5). Heart rate tended
(P = 0.065) to decrease from 115 to 192 DIM while there was a ten-
dency for genotype by stage of lactation interaction for O2P (P= 0.087)
as O2P tended to be increase (P= 0.098) from 115 to 192 DIM for NAH
cows but remained unchanged for NZH cows. Thus, there was genotype
by stage of lactation interaction for HP (P= 0.045) as it decreased from
115 to 192 DIM only in NZH cows.

Residual HP was greater (P= 0.037) for NAH than NZH cows and it
was greater (P= 0.033) at 192 than 115 DIM (Table 5). However, RE/
MEI was not affected by genotype but was greater (P = 0.007) at 115
than 192 DIM (Table 5). The correlation of RE/MEI with residual HP
was negative (r = -0.772; P < 0.001) and positive with MEI
(r = 0.612; P < 0.001) (Fig. 1A and B). However, residual HP did not
correlate with MEI (r = 0.008; P = 0.970) (Fig. 1C). Metabolizable
energy intake correlated positively with total RE and HP and regression

of these variables were significant for both genotypes (NZH total RE = -
463 + 0.635 MEI; r = 0.893; P < 0.001; NAH total RE = -
569 + 0.667 MEI; r = 0.857, P < 0.001) and HP (NZH
HP = 463 + 0.365 MEI; r = 0.752; P < 0.001; NAH
HP= 569 + 0.334 MEI; r= 0.639; P< 0.001) (Fig. 2). Moreover, FHP
and kl were 463 kJ/BW0.75 per day and 0.635 for NZH and 569 kJ/
BW0.75 per day 0.667 for NAH, respectively and therefore MEm were
853 kJ/BW0.75 per day for NAH and 729 kJ/BW0.75 per day for NZH.

4. Discussion

Although our results indicated increased energy maintenance re-
quirements - greater FHP and residual HP – for NAH than NZH cows,
adjusted energy efficiency (total RE/MEI) was not different between
Holstein genotypes. In spite of this, both, MEI and HP showed a deeper
decrease from 115 to 192 DIM for NZH than NAH cows which de-
creased MEI in a lesser extent with no changes in HP. However, because
the effects were in the same direction for both variables, there was no
interaction for the energy efficiency.

Differences in MEI and energy partitioning (total RE – milk and

Table 4
Body weight, milk production and milk composition for Holstein cows of two different genotypes (G) and at two stages of lactation (SL).

Genotype P-value

115 DIM 192 DIM

Item NZH NAH NZH NAH SEM G SL G × SL

Body weight (kg) 516 582 541 592 15 0.008 <0.001 0.289
Daily production (kg/d)
Milk 27.4 32.5 20.2 25.1 1.9 <0.001 0.006 0.835
Fat 1.27 1.34 0.93 1.02 0.06 0.195 0.010 0.678
Protein 1.00 1.03 0.76 0.82 0.03 0.282 0.004 0.325
Lactose 1.34 1.55 0.95 1.20 0.06 <0.001 0.007 0.472

Milk composition (%)
Fat 4.65 4.14 4.65 4.11 0.15 0.012 0.822 0.876
Protein 3.69 3.19 3.79 3.28 0.08 <0.001 0.330 0.845
Lactose 4.88a 4.79ab 4.70b 4.78ab 0.04 0.895 <0.001 <0.001

DIM = Days in milk; NZH = New Zealand Holstein (n=14); NAH = North American Holstein (n=14)
ab Means within a row with different superscripts differ (P<0.05).

Table 5
Energy partitioning and energy efficiency for Holstein cows of two different genotypes (G) and at two different stages of lactation (SL).

Genotype P-value

115 DIM 192 DIM

Item NZH NAH NZH NAH SEM G SL G × SL

Energy partitioning (kJ/BW0.75 per day)
MEI1 2011ab 2030a 1724c 1879b 45 0.117 0.008 0.004
Total RE2 842 816 607 649 32 0.808 0.006 0.062
REmilk3 872 859 619 651 31 0.764 0.003 0.170
REtissue3 -28 -44 -12 -2 15 0.739 0.209 0.218
HP4 1170a 1212a 1117b 1230a 27 0.029 0.303 0.045
Residual HP5 149 196 230 325 28 0.037 0.033 0.316

Energy efficiency
RE/MEI 0.432 0.421 0.359 0.347 0.011 0.246 0.007 0.485
HR (beats/min) 79.0 78.2 75.7 75.6 1.1 0.731 0.065 0.602
O2P (mL O2/BW0.75/beat) 0.504 0.527 0.501 0.552 0.010 0.030 0.369 0.087

DIM = Days in milk; NZH = New Zealand Holstein (n=14); NAH = North American Holstein (n=14); MEI = Metabolizable energy intake; Total RE = Total
retained energy; REmilk = Retained energy in milk; REtissue = Retained energy in tissue; HP = Heat production; HR = Heart rate; O2P = O2 Pulse; BW = Body
weight
1 MEI = Total RE + HP.
2 Total RE = REmilk + REtissue.
3 According to NRC (2001).
4 HP estimated by HR-O2P technique (Brosh et al.,1998).
5 Residual HP = difference between estimated HP and predicted HP according to NRC (2001).
ab Means within a row with different superscripts differ (P<0.05).
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tissue - and HP) between Holstein genotypes were not found during mid
lactation (115 DIM) but during late lactation (192 DIM) the MEI and HP
were greater in NAH cows compared to NZH cows. In contrast,
Thanner et al. (2014) did not report differences in the daily energy
intake or HP measured during 6 h when comparing NZH vs. Swiss
Holstein at 176± 18 DIM and concluded that they were not able to find
differences in HP due to the small differences between Holstein strains
in milk production, BW and physical activity, and to the high variation
between animals which could have been associated with the 13C bi-
carbonate dilution technique used for HP estimation. Estimation of HP

from VO2 are more accurate than those solely from CO2 production
(McLean, 1972) as according to Brouwer equation (1965) the latter
contributes approximately to 25% of HP whereas VO2 contributes to
75% of HP.

In the present work, both genotypes decreased MEI when the lac-
tation progressed (from 115 to 192 DIM) as well as milk yield. It was
expected since cows consume feed to meet their energy needs and
therefore the MEI is largely driven for the metabolic demands for milk
production in dairy cows (Mertens, 1987). However, at 192 DIM, NAH
cows had greater MEI than NZH cows probably as consequence of
greater DM intake as estimated dietary ME concentration did not differ
between groups (11.0± 0.1 MJ/kg DM). Indeed, based on MEI, con-
centrate and conserved forage DM intake and ME concentrations, esti-
mated pasture forage intake was 7.9±3.0 and 9.8± 2.1 kg DM/d for
NZH and NAH, respectively. Therefore, total DM intake, expressed as a
percentage of BW, was greater for NAH than NZH during late lactation,
representing 3.48 and 3.26± 0.09 for NAH and NZH, respectively. The
greater total DM intake and milk production of NAH than NZH cows
during late lactation in this experiment are in the line with the results
reported by McCarthy et al. (2007) who indicated that feed intake and
milk yield are strongly correlated and therefore, dairy cows with higher
milk production potential should have higher intake potential.

Although the greater MEI during late lactation for NAH than NZH
cows was associated with greater milk production (208 vs. 180 g milk/
kgBW0.75/d), neither REmilk nor REtissue were different between
genotypes at 192 DIM while HP was greater for NAH than NZH. Thus,
NAH cows were not able to partition a greater proportion of MEI to
energy in products (milk or tissue) compared to NZH cows, in turn the
greater MEI was lost as HP.

The greater HP in NAH than NZH cows was due to an increased O2P
in the former ones because HR did not differ between genotypes. The
HR values reported in this experiment are in line with those reviewed
by Brosh (2007) for Holstein dairy cows although they were measured
in confined cows during early and mid-lactation. On the other hand, the
greater O2P in NAH than NHZ cows could be explained by an increased
energy demand (Brosh, 2007) associated with higher milk production
which represents a greater metabolic demand. It has been reported that
O2P averaged 450 µL O2/BW0.75 per beat for confined high-yielding
dairy cows between 30 and 160 DIM (Brosh, 2007). However, 1.12 to
1.21 fold-increases of O2P have been reported as consequence of greater
energy requirements in lactating vs. non-lactating or grazing vs. con-
fined beef cows (Brosh, 2007). Thus, the O2P determined in the present
work is a reasonable value for grazing dairy cows during mid-late lac-
tation.

Since total HP is a function of maintenance and production, either
maintenance heat production (HPm), production heat production
(HPp) or both may be responsible of driving total HP (Miron et al.,
2008). Total RE did not differ between genotypes, thus, it can be ex-
pected that the greater HP determined for NAH cows was not due to
HPp but to increased HPm. Indeed, linear regression of total HP on MEI
indicated FHP (the intercept value when MEI is equal to zero) was 1.23-
fold greater for NAH than NZH cows, suggesting increased basal me-
tabolic rates in the former ones. Increased maintenance energy re-
quirements of NAH cows were also evidenced in residual HP. Residual
HP reflects HP associated to MEm after basal metabolism energy re-
quirements (540 kJ/BW0.75 per day) are discounted. Hence, the greater
residual HP in NAH than NZH cows could be explained by increased
basal metabolism energy requirement compared to the estimation
based on the NRC (2001) model which is reflected in the greater FHP in
NAH than NZH cows.

The differences in FHP could be related to a higher metabolic rate in
NAH genotype as a result of genetic selection. The greater FHP of NAH
than NZH cows may be associated with an increase in organ mass due to
greater nutrient intake and therefore greater digestion, absorption, and
circulatory activity as well as an increased body protein relative mass
which results in higher energy costs associated with protein turnover

Fig. 1. (A) Relationship between RE/MEI (unitless) and Metabolizable energy
intake (MEI; kJ/BW0.75/d); (B) Relationship between RE/MEI and residual heat
production (residual HP; kJ/BW0.75/d); (C) Relationship between residual HP
and MEI. Black circles (●) represent North American Holstein cows (n=14) and
open circles (○) represent New Zealand Holstein cows (n=14).
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(Oldham and Emmans, 1990; Agnew and Yan, 2000). We considered
that in the present work, animal activity and thermoregulation did not
affect MEm as the daily routine and grazing time did not differ between
genotypes (P > 0.100; 374 vs. 357 min/d for NZH and NAH, respec-
tively; Talmón et al., unpublished data) and cows were all managed in
the same environment.

Energy efficiency (RE/MEI) decreased as lactation progressed due to
a lower MEI that did not allow cows to “dilute” their maintenance
energy requirements and therefore they partitioned a smaller propor-
tion of the MEI to milk production (VandeHaar et al., 2016). However,
the Holstein genotype did not affect RE/MEI which is explained because
NAH cows were not able to retain a greater proportion of the MEI de-
spite of their greater MEI at 192 DIM compared to NZH as consequence
of their increased MEm.

On the other hand, the kl values for both genotypes (0.67 vs. 0.63 for
NAH and NZH, respectively) were close of kl values reported by
Moe and Tyrrell (1972) (kl=0.64) and used in NRC (2001),
Xue et al. (2011) for Holstein dairy cows fed with 30% of concentrate
(kl=0.60) and Dong et al. (2015a; 2015b) through a meta-analysis for
high-producing Holstein dairy cows (kl=0.64) or dairy cows consuming
diets with >60% forage (kl=0.63). Indeed, the negligible difference of
5% between genotypes on kl was expected because it has been reported
that cow genotype or milk yield would have a limited effect on kl values
when REmilk is adjusted by REtissue (Agnew and Yan, 2000; Xue et al.,
2011). It would be more probable that partial efficiency of ME utili-
zation for milk production (kl) varies with diet composition because it is
dependent on stochiometric and thermodynamic relationship between
substrates and animal products (Baldwin, 1995) but in this experiment
both genotypes received a similar diet.

The MEm in the present study (853 and 729 kJ/BW0.75/d for NAH
and NZH, respectively) were above maintenance energy requirements
proposed by the NRC (2001) model (540 kJ/BW0.75/d). Recently, un-
derestimation of MEm proposed by NRC (2001) model for modern high
producing dairy cows (Moraes et al., 2015) has been well documented
through a multivariate analysis of more than a thousand complete en-
ergy balance data collected from respiration chamber trials. These au-
thors indicated that dairy cows evaluated between 1984 and 1995
presented a MEm of 740 kJ/BW0.75/d (700 to 780, 95% CrI) and being
between 25 to 45% greater than MEm estimated for those evaluated
between 1963 and 1983, highlighting the impact of the genetic progress
on increased MEm. Moraes et al. (2015) data set was collected from the
USDA Energy Metabolism Unit at Beltsville, Maryland, thus, it would be
reasonable to compare their results only with those obtained from NAH
cows in our work. Indeed, MEm was 15% greater for NAH cows in the

present experiment than the one reported by Moraes et al. (2015) which
could be associated to grazing activity energy requirements that do not
exist when HP is measured in a respiration chamber. Thus, although HP
measurements in respiration chambers is considered the gold standard,
the O2P technique has a great potential to estimate the HP on free-
ranging animals (Oss et al., 2016).

Traditionally, the dairy industry has increased energy retention ef-
ficiency (RE/MEI), by driving MEI partitioning towards milk produc-
tion. In this way, “diluting” maintenance requirements as milk pro-
duction increases and feed intake does not increase to the same extent,
has been the most important driver in improving feed efficiency in the
past but, its effect decreases with each successive increment in milk
production relative to BW and so it will be less important in the future
(VandeHaar et al., 2016). Alternatively, individual energy efficiency,
regardless of the “dilution of maintenance” effect, can be evaluated by
estimating the residual HP (Aharoni et al., 2006). Moreover, as shown
in the present study, cows with greater residual HP will have a de-
creased energy retention efficiency (RE/MEI) as a greater proportion of
the consumed ME will be lost as heat. In addition, residual HP does not
depend on MEI which would indicate that residual HP is defined mainly
by each phenotype per se and is not dependent on the production or
intake levels as RE/MEI. On the whole, residual HP could be a good
selection tool to aim for a more efficient dairy cow since it is related
with residual feed intake (Asher et al., 2018), which has been shown to
have high ranking repeatability across different diets (Potts et al.,
2015), lactations (Connor et al., 2013) and stages of lactation
(Tempelman et al., 2015).

5. Conclusions

The NAH cows had a greater MEm than NZH cows and in both
genotypes it was higher than the values proposed by NRC (2001) model
while kl were not different between genotypes and were in line with
recent reports. Despite differences in MEm, energy efficiency (RE/MEI)
was not affected by the Holstein genotype during the experiment.
However, as lactation progressed the NZH cows decreased feed intake
(both, DM and ME) associated with reduced milk yield when compared
to NAH cows. Although NZH cows reduced their MEI during late lac-
tation, their energy efficiency was similar to NAH cows as NZH cows
decreased total HP due to lower MEm requirements when compared to
NAH cows. Nevertheless, the presence of genotype by stage of lactation
interaction for MEI and HP suggests that more measurements along
lactation are necessary to conclude that both Holstein genotypes do not
have differences in energy partitioning between milk and tissue as well

Fig. 2. Relationship between Heat production (HP; kJ/
BW0.75/d) and total Retained Energy (Total RE; kJ/BW0.75/d)
with Metabolizable Energy Intake (MEI; kJ/BW0.75/d) in New
Zealand Holstein (NZH, n=14) and North American Holstein
(NAH, n=14). Solid lines represent the linear regression for
HP and Total RE in NAH and dashed lines represent the linear
regression for HP and Total RE in NZH. The HP-
NAH = 569 + 0.334 MEI (R2 = 0.41) and Total RE-NAH = -
569 + 0.667 MEI (R2 = 0.73). The HP-NZH = 463 + 0.365
MEI (R2 = 0.57) and Total RE-NZH = -463 + 0.635 MEI
(R2 = 0.80).
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as in energy efficiency under pasture-based systems with high con-
centrate supplementation.
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SUMMARY TEXT FOR THE TABLE OF CONTENTS 

 

The interest in grazing dairy systems has increased during recent years 

associated with benefits related with their production cost, product quality and animal 

welfare. However, not all dairy cows are equally suitable to be managed under grazing 

systems, and for the Holstein breed, energy efficiency, a key factor in the sustainability 

of the grazing systems, was greater for New Zealand Holstein than North American 

Holstein cows.  
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3.1. ABSTRACT 

 

Context. Improving the partitioning of the energy consumed towards milk 

solid production is a priority in grazing diary systems as energy efficiency has been 

associated to their sustainability. Different selection criteria in the Holstein breed have 

led to divergent Holstein strains (New Zealand Holstein; NZH and North American 

Holstein; NAH) with different suitability to grazing systems. 

Aim. The objective of this work was to quantify and evaluate the energy 

partitioning between maintenance and milk production of two divergent Holstein 

strains in a grazing system without supplementation. 

Methods. Nine NZH and nine NAH in late mid-lactation (183 ± 37 days in 

milk) allocated in a randomized block design were evaluated in grazing conditions. 

Cows were managed under a daily strip grazing system and grazed perennial ryegrass 

without supplementation. After an adaptation period (14 days), during a measurement 

period of seven days, heat production, retained energy in milk and metabolizable 

energy intake were measured and simultaneously, animal behavior was recorded. 

Key results. Milk yield did not differ between Holstein strains, but fat and 

protein content were greater for NZH than NAH cows and therefore, retained energy 

in milk was 13% greater for the former ones. Heat production did not differ between 

Holstein strains but metabolizable energy intake (kJ/body weight0.75.d) was greater for 

NZH than NAH cows which was associated with a greater pasture dry matter intake 

relative to their body weight. Both, feed and energy efficiency were greater for NZH 

than NAH cows. 

Conclusions. Results supported that NZH strain have a greater energy and feed 

efficiency which would indicate that it could be a more suitable strain to be managed 

under a grazing dairy system without supplementation than the NAH strain. 

Implications. Selection of a dairy cow with the capacity of fulfilling their 

energy requirements from pasture is a key factor to improve production efficiency of 

grazing dairy systems. 
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energy expenditure. 

 

3.2. INTRODUCTION 

 

Interest in grazing dairy systems has increased in many temperate and 

subtropical regions of the world because of their reduced complexity of installation, 

requirement for capital infrastructure, and cost per unit of product as well as their 

potential for accessing high-value markets due to perceived animal welfare benefits 

(Roche et al., 2017) and healthier characteristics in the product for the consumers 

(Croissant et al., 2007). However, despite these advantages, grazing systems account 

for approximately 10% of the world’s milk production (Steinfeld and Mäki-Hokkonen, 

1995) and therefore, most of the research, technology developments or animal genetic 

selection criteria have not been focused on these systems.  

Nowadays, it is well-documented the existence of interaction between animal 

genotype and the production system where they are managed (Veerkamp et al., 1994; 

Horan et al., 2005; McCarthy et al., 2007; Macdonald et al., 2008). In pasture-based 

systems the ability of the grazing animal to consume sufficient quantities of forage in 

order to satisfy its requirements is a key factor for increasing milk production (Dillon, 

2006). Therefore, the selection of a dairy cow able of achieve a high herbage intake to 

maximize the amount of forage in its diet, and efficiently convert that forage into milk 

is critical to successful dairy grazing systems (McCarthy et al., 2007).  

The Holstein breed is one of the most popular world-wide dairy breeds, and 

divergent strains selected according to the production system in which they are 

managed can be identified. On one hand, the New Zealand Holstein (NZH) strain has 

been selected to be managed under pasture-based systems focusing in a dairy cow with 

a low body weight (BW) and maintenance requirements, medium milk yield but with 

high milk-solid contents. On the other hand, North American Holstein (NAH) strain 

has been selected to be managed in indoor-systems resulting in a dairy cow with 

greater BW and maintenance requirements, and greater milk yield potential but with 

lower milk-solid contents than the NZH strain (Miglior et al., 2005). Kolver et al. 
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(2002) reported that when both strains were fed only with pasture, NZH cows had 

greater dry matter intake (DMI) and efficiency at producing a kilogram of milk-solid 

per unit of metabolic BW (BW0,75), without differences in the total milk-solid yield 

per cow in the lactation, when compared with NAH cows. 

Recently, we reported (Talmón et al., 2020) that when cows were 

supplemented with one third of their DMI as concentrate, maintenance energy 

requirement was less for NZH than NAH cows which allowed them to maintain a 

similar partitioning of the energy consumed towards milk and tissue despite their 

reduced metabolizable energy intake (MEI) during late mid-lactation. This diet could 

have favored the NAH cow due to its greater response to concentrate supplementation 

(McCarthy et al., 2007) which would have not allowed us to find differences in energy 

efficiency between Holstein strains although they were managed in a pasture-based 

system. In this context, we hypothesized that when both Holstein strains were managed 

in a grazing system without supplementation, the NZH cows would achieve a greater 

DM and energy intake per kg of BW than NAH cows which, together with their lower 

maintenance energy requirements, would lead to a greater partitioning of the consumed 

energy into milk-solid production for NZH than NAH cows. Thus, the aim of this work 

was to evaluate and quantify the energy partitioning between maintenance and milk 

production of two divergent Holstein strains (NZH vs. NAH) in a grazing system 

without supplementation. 

 

3.3. MATERIALS AND METHODS 

 

3.3.1. Animals and experimental design 

 

The experiment was carried out during spring 2019 at the Experimental Station 

of the Instituto Nacional de Investigación Agropecuaria – “La Estanzuela” (INIA; 

Colonia, Uruguay; latitude: 34° 21′ 14′' S, longitude: 57° 41′ 43′' W).  All the 

experimental procedures were previously approved by the INIA’s Commission on 

Ethics in the Use of Experimental Animals (file #INIA2017.2). 
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The experiment was a conducted as a randomized block design and lasted 35 

days with three successive periods: a transition period of 14 days and an experimental 

period comprising a 14-d adaptation period and a 7-d measurement period. Eighteen 

Holstein, nine NAH and nine NZH cows, selected from the experimental station dairy 

herd were blocked in three groups according to lactation number (3.0 ± 1.6 and 3.2 ± 

1.5 for NAH and NZH, respectively; mean ± s.d.), days in milk (DIM) and milk yield 

and assigned to three replicates per genetic strain (three cows per replicate). 

Experimental cows had more than 87.5% of their genes belonging to their 

corresponding strain and their economic and productive breeding index was on 

average 106 ± 11 and 122 ± 6 (mean ± s.d.) for NAH and NZH cows. North American 

Holstein cows had a 305-days expected progeny difference of + 90 ± 132 kg for milk 

yield, + 4.7 ± 7.6 kg and + 0.02 ± 0.12% for fat yield and content and + 4.8 ± 3.6 kg 

and + 0.03 ± 0.07% for protein yield and content, respectively. New Zealand Holstein 

cows had a 305-days expected progeny difference of - 77 ± 180 kg for milk yield, + 

4.8 ± 5.1 kg and + 0.11 ± 0.08% for fat yield and content and + 5.8 ± 5.8 kg and + 0.12 

± 0.05% for protein yield and content, respectively (mean ± s.d.) (Mejoramiento y 

Control Lechero Uruguayo; https://www.mu.org.uy).  Cows calved in fall 2019 (5 May 

2019 ± 37 days; mean ± s.d.) and were managed, as a contemporary group, under a 

grazing system with individual and variable concentrate supplementation until the 

beginning of the experiment. 

At the start of the transition period, NAH and NZH cows were producing 36.7 

± 8.6 kg and 30.2 ± 9.1 (mean ± s.d.) of milk/d and were supplemented with 6.0 ± 1.2 

and 5.3 ± 1.7 kg DM (mean ± s.d.) of concentrate/d, respectively. During the transition 

period cows’ supplementation was gradually decreased (by 20% every three days) 

until the end of the period when cows were fed only with grazing pasture (without 

supplementation). During the adaptation period cows were offered a similar diet (only 

grazing pasture) and were managed in the same conditions than during the 

measurement period. At the end of the adaptation period, NAH cows had on average 

571 ± 79 kg of BW, 3.0 ± 0.34 units of body condition score (BCS) using a 1-5 scale 

(Edmonson et al., 1989) and 179 ± 38 DIM while NZH cows had 526 ± 64 kg of BW, 

3.1 ± 0.37 units of BCS and 186 ± 36 DIM (mean ± s.d.). 
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3.3.2. Experimental period: daily routine, grazing management and weather 

conditions 

 

Cows were milked twice a day at 0630 and 1600 h and had access day and 

night to a pasture paddock (1930 h; from 1730 to 0600 h and from 0845 to 1545 h), 

with free access to fresh water, which was located 450 m from the milking parlor. The 

pasture was perennial tetraploid ryegrass of first year (cv. Halo, PGG Wrightson 

Seeds, Uruguay, Table 1) with an herbage mass of 3673 ± 194 kg of DM/ha and a 

herbage allowance of 31 ± 4 kg of DM/cow.d above of 5 cm of the ground level (mean 

± s.e.m. (standard error of the mean)), which was considered non-restrictive to 

maximize pasture DM intake (Pérez-Prieto and Delagarde, 2013). The paddock was 

divided into six sub-paddocks, two sub-paddocks per block (one replicate of strain 

within block), in which herbage mass was measured every day by cutting five pasture 

samples of 50 × 50 cm above 5 cm from ground level. A strip-grazing system was used 

and every day, after the morning milking, cows accessed a fresh strip delimitated with 

electric fences. Five weeks before the start of the measurement period the pasture was 

intensively grazed and fertilized with 70 kg of N/ha to reach a good-quality vegetative 

structure of the pasture during the experiment. 
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Table 1. Chemical composition and gross energy concentration of the perennial 

ryegrass offered during the measurement period. 

Item 

Perennial 

Ryegrass 

Dry matter (DM; g/kg) 149 

Chemical composition (g/kg of DM) 
 

Crude protein 130 

Neutral detergent insoluble crude protein 42 

Acid detergent insoluble crude protein 16 

Ether extract 40 

Non-fiber carbohydratesA 211 

Neutral detergent fiber 522 

Acid detergent fiber 327 

Lignin 39 

Ash 139 

Gross energy (kJ/kg of DM) 16.0 
Daily pasture samples were collected above 5 cm above ground level. 
A Calculated as 1000 – Crude protein – Ether extract – Neutral detergent fiber – Ash. 

 

Weather conditions were registered by an automatic meteorological station 

(Campbell Scientific, Logan, Utah, USA) placed at 1500 meters from the milking 

parlor. During the experimental period, the mean temperature was 19.4 ± 0.7°C (25.3 

± 2.0 and 14.8 ± 1.4°C of maximum and minimum temperature; mean ± s.d.) while the 

mean relative humidity was 73 ± 10% (91 ± 8 and 51 ± 16% of maximum and 

minimum relative humidity; mean ± s.d.). The average temperature humidity index 

(Valtorta and Gallardo, 1996) was 66 ± 1 which did not indicate the presence of heat 

stress conditions. 
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3.3.3. Data recording, sample collection and laboratory analysis 

 

Daily milk yield was measured individually using automatic milk meters 

synchronized to Dairy Plan software (Dairy Plan; GEA Farm Technologies, 

Düsseldorf, Germany). Samples for milk composition were collected for three days 

during the measurement period (days 2, 4 and 6) from both milkings and preserved 

with potassium dichromate 5% (Lactopol®, Grupo Benzo, Uruguay). Milk fat, protein 

and lactose were analyzed using a milk analyzer (Combi FOSS FT+, Foss Electric, 

HillerhØd, Denamark). Cow BW was recorded at start and the end of the measurement 

period using an animal scale model ID3000 (Tru-Test, Auckland, New Zealand) 

immediately after the am milking. 

Heat production (HP) was measured in each cow by indirect calorimetry using 

the heart rate (HR) – oxygen pulse technique (Brosh, 2007) which consists of 

estimating the animal’s oxygen consumption by measuring the HR throughout several 

days and the oxygen consumed per heartbeat (O2P) as described by Talmón et al. 

(2020). Briefly, cow HR was recorded for six consecutively days (from day 1 to 6 of 

the measurement period) every 5 seconds interval using Polar® devices (Polar Electro 

Oy, Kempele, Finland), with a model H10 HR transmitter and a RCX3 data logger 

watch model, mounted on the animal using an elastic belt fitted around the thorax and 

behind the forelegs. On days -1 and 7, cow O2P was measured through the 

simultaneously measurement of the HR and the oxygen consumption for 12 min using 

a facemask open-circuit respiratory system (Fedak et al. 1981). The N2 recovery was 

0.98 ± 0.02 (mean ± s.d.).  

In order to estimate organic matter digestibility (OMD; Comerón and Peyraud, 

1993), fecal samples were collected in the grazing paddock (two samples per cow; am 

and pm) on days 4, 5 and 6 of the measurement period and frozen at -20°C until 

analysis. Subsequently, samples were defrosted and dried at 60°C in an air-forced oven 

until reached a constant weight and then, were ground using a 2 mm sieve. Ground 

fecal samples were composited in a unique sample per cow to be analyzed for fecal N 

and acid detergent fiber (ADFom) (AOAC, 2000). 
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Ingestive (grazing, ruminating) and postural (lying, standing) behaviors were 

registered for five consecutive days (from days 2 to 6 of the experimental period) by 

visual observation through scan sampling every 10 min since cows entered to a new 

paddock until the sunset (for 0930 h). Thus, a total of 57 behavioral recordings were 

performed per day and per cow.  The animal was considered grazing when the head 

was in the pasture or when it was chewing grass, ruminating when it was chewing 

regurgitated boluses of feed, lying down when it was in sternal or lateral decubitus 

positions, and standing when it was with the four members supported in the station. 

Time spent per activity (min) was calculated assuming that the activity recorded was 

maintained during the time until the next observation. Length of the first am and pm 

grazing session were calculated assuming the end of the session when the cow did not 

graze for two consecutively observations. At days 3 and 5, during grazing activity, bite 

rate was determined in 10-min intervals by counting the number of bites during 1 min 

(Chilibroste et al., 2012).  In addition, nine cows (NZH = 5 and NAH = 4) were 

mounted with an activity collar (Moonitor®, Tel Aviv, Israel) to record the animal 

activity (eating or resting) every 5 minutes 24 h a day. 

Samples of pasture of the pre-grazed paddock were collected daily above 5 cm 

from ground level. The samples were dried during three days at 60°C by an air-forced 

oven, ground using a 1 mm sieve and subsequently composited in a unique 

representative sample of the pasture used during the measurement period. The 

composited sample was analyzed for 105oC DM, crude protein, ether extract, ash, 

neutral detergent fiber, ADFmo, acid detergent lignin, neutral detergent insoluble 

crude protein, acid detergent insoluble crude protein and gross energy (AOAC, 2000). 

 

3.3.4. Calculations and statical analysis 

 

Heat production was estimated based on HR and O2P [Eq. 1]; retained energy 

in milk (REmilk) was calculated based on the individual records of daily milk yield 

and composition [Eq. 2] while retained energy in tissue was assumed zero as not 

changes in BCS and BW were detected, and MEI was estimated as the sum of REmilk 

plus HP. 
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HP (kJ/kg BW0.75.d) = HR (beats/min) × O2P (mL O2/kg BW0.75.beat) × 20.47 

(J/mL O2) / 1000 (J/kJ) × 60 (min/h) × 24 (h/d) [Eq.1]; 

 

REmilk (MJ/d) = 38.8 × kg of fat/d + 22.8 × kg of crude protein/d + 16.5 × kg 

lactose/d [Eq. 2]; 

 

Residual HP was calculated as the difference between measured and predicted 

HP which was calculated using the coefficients of 335 kJ/kg BW0.75.d for maintenance 

energy requirement and 0.62 and 0.64 for the efficiency in the use of ME for 

maintenance (km) and lactation (kl), respectively. Therefore, residual HP was 

calculated according to the following equation [Eq. 3]; 

 

Residual HP (kJ/kgBW0.75.d) = MEI (kJ/kgBW0.75.d) – (335 

kJ/kgBW0.75.d)/0.62 + REmilk (kJ/kgBW0.75.d)/0.64 [Eq. 3]; 

 

Pasture OMD was estimated based on fecal N and ADFom [Eq. 4] (Comerón 

and Peyraud, 1993) and pasture DMI was estimated according to the MEI, pasture 

gross energy and OMD [Eq. 5] using National Research Council (NRC) equation 

(2001) [Eq. 6] to estimate metabolizable energy (ME) content from digestible energy 

(DE). 

 

OMD (kg digestible organic matter (OM)/kg total OM) = 0.791 + 0.0334 × 

fecal N (% OM) – 0.0038 × fecal ADFom (% OM) [Eq. 4]; 

 

Pasture DE (MJ/kg DM) = Gross energy (MJ/kg DM) / ((100 – Ash (% 

DM))/100) × OMD (kg digestible OM/kg total OM) [Eq. 5]; 

 

Pasture ME (MJ/kg DM) = 4.23 × DE (MJ/kg DM) – 1.88 [Eq. 6]; 
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Pasture DMI (kg DM/d) = MEI (kJ/kg BW0.75.d) × BW0.75 / 1000 (kJ/MJ) / 

pasture ME (MJ/kg DM) [Eq. 8]. 

 

Energy corrected milk (ECM) was calculated according to the equation 

reported by Kirchgeßner (1997) [Eq. 9]; 

 

ECM (kg/d) = milk yield (kg/d) × ((0.39 × fat% + 0.24 × protein% + 0.17 × 

lactose%) / 3.17); 

 

and feed efficiency was calculated according to the following equation [Eq. 

10]; 

 

Feed efficiency = ECM (kg/d) / Pasture DMI (kg/d) [Eq. 10]. 

 

Data were analyzed using the SAS software (SAS® University Edition, SAS 

Institute Inc. Cary, NC, USA). Univariate analyses were performed on all variables to 

check the normality of the residuals and identify outlier data. Productive variables 

were analyzed with a mixed model which included the Holstein strain (NZH vs. NAH) 

as fixed effect, the block as a random effect and days in milk as a covariate.  

𝑌"#$ = 	𝜇 + 𝑆" +	𝛽# + 𝐷𝐼𝑀 +	𝜀"#$ 

where 𝑌"$/ is the analyzed variable, 𝜇 is the mean of the experiment, 𝑆" is the 

Holstein strain effect, 𝛽$ is the block effect and 𝐷𝐼𝑀 represents days in milk. 

Animal behavior variables and HP were analyzed with a mixed model with 

repeated measurements including the Holstein strain (NZH vs. NAH), time of 

measurement and their interaction as fixed effects, the block and day of measurement 

as a random effects and calving date as a covariate 

𝑌"#$/0 = 	𝜇 + 𝑆" +	𝑇# + 𝑆𝑇"# +	𝛽$ + 𝐷/ + 𝐷𝐼𝑀 +	𝜀"#$/0 

where, 𝑇# is the time of measurement in the day and 𝐷/ is the day of 

measurement. 
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3.4. RESULTS 

 

3.4.1. Milk production and composition 

 

Daily milk yield and percentage of lactose were not different (P ≥ 0.22) 

between Holstein strains while both, fat and protein percentages were greater (P < 

0.01) for NZH than NAH cows (Table 2). Nevertheless, ECM yield did not differ (P = 

0.13) between Holstein strains but milk energy concentration was greater (P < 0.01) 

for NZH than NAH cows (Table 2). 

 

Table 2. Milk yield, milk composition and energy corrected milk for New Zealand 

Holstein (NZH) and North American Holstein (NAH) cows during the measurement 

period. 
s.e.m., standard error of the mean 

Item NZH NAH s.e.m. p-value 

Milk yield (kg/d) 17.2 16.7 1.2 0.76 

Fat % 4.60 3.82 0.18 <0.01 

Protein % 3.48 3.14 0.11 <0.01 

Lactose % 4.65 4.53 0.06 0.22 

Energy in milk (MJ/kg of milk)A 3.35 2.97 0.08 <0.01 

Energy corrected milk (kg/d)B 18.5 15.8 1.30 0.13 
A According to NRC (2001). 
B According to Kirchgeßner (1997). 

 

3.4.2. Organic matter digestibility, pasture intake and energy partitioning 

 

Organic matter digestibility was not different (P = 0.31) between Holstein 

strains and therefore, neither DE nor ME concentration of the pasture (Table 3). 

Moreover, pasture DMI expressed as kg/d, did not differ (P = 0.81) between Holstein 

strains but, expressed as kg of DM/100 kg of BW or as g of DM/kg BW0.75, was greater 
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and tended to be greater for NZH than NAH cows (P = 0.04 and P = 0.08, respectively; 

Table 3). 

 
Table 3. Organic matter digestibility, pasture intake, energy partitioning and energy 

and feed efficiency for New Zealand Holstein (NZH) and North American Holstein 

(NAH) cows during the measurement period. 
BW, body weight; DMI, dry matter intake; ECM, energy corrected milk; O2P, oxygen pulse; 

s.e.m., standard error of the mean 

Item NZH NAH s.e.m. p-value 

Organic matter digestibility (%)A 72.0 71.2 1.0 0.31 

Metabolizable energy of pasture (MJ/kg DM)B 9.75 9.62 0.16 0.31 

Pasture dry matter intake (kg/d) 16.6 16.3 0.8 0.81 

Pasture dry matter intake (kg/100 kg BW) 3.18 2.86 0.10 0.04 

Pasture dry matter intake (g/kg BW0.75) 152 139 5 0.08 

Feed efficiency (ECM/Pasture DMI) 1.09 0.96 0.08 0.04 

     

Energy partitioning (kJ/kgBW0.75.d)     

Metabolizable energy intakeC 1489 1347 47 0.05 

Heat productionD 963 922 33 0.39 

Retained energy in milkE 519 416 37 0.01 

Energy efficiencyF 0.346 0.308 0.02 0.05 

Residual heat productionG 127 143 36 0.75 

     

Heart rate (beats/min) 67.8 66.8 1.5 0.63 

O2P (mL O2/kgBW0.75.beat) 0.480 0.469 0.014 0.59 
A Comerón and Peyraud (1993). 
B According to NRC (2001) based on the digestible energy content of the pasture estimated from its 

gross energy content and organic matter digestibility. 
C Calculated as heat production + retained energy in milk. 
D Measured using O2P technique (Brosh, 2007). 
E Based on NRC (2001). 
F Calculated as retained energy in milk/metabolizable energy intake. 
G Difference between measured heat production and predicted heat production (NRC, 2001). 
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Metabolizable energy intake, expressed per unit of BW0.75, was 10% greater (P 

= 0.05) while REmilk was 25% greater (P = 0.01) for NZH than NAH cows. Despite 

differences in REmilk, there were not differences (P = 0.39) in HP between the 

Holstein strains which led to a greater (P = 0.05) energy efficiency for NZH cows than 

NAH cows (Table 3). Moreover, residual HP did not differ (P = 0.75) between strains 

(Table 3). 

On the other hand, time of measurement markedly affected the HP (P < 0.01) 

but there was no interaction between Holstein strain and time of measurement (Fig.1). 

 
3.4.3. Grazing behavior  

 

Grazing time during daylight hours did not differ (P ≥ 0.11) between strains 

neither considering visual observations (Table 4) nor with behavior recorders (data not 

shown) but during the night NZH cows grazed 23 min more than NAH cows (P = 

0.05). However, total grazing time did not differ (P = 0.13) between strains and 

averaged 8 h/d (478 ± 25 min/d; mean ± s.e.m.; Table 4). 

According to the visual observation method, there were no differences (P ≥ 

0.11) in the proportion of time that the cows spent grazing, ruminating, standing or 

lying down during the daylight hours (Table 4). Holstein strains did not differ in the 

number of grazing sessions during the daylight hours (P = 0.33) neither in the duration 

of the first grazing session after the AM and PM milking (P ≥ 0.44) nor in bite rate (P 

= 0.12) (Table 4). In average, the first AM grazing session was longer than the first 

PM grazing session (140 vs. 124 min, respectively; P<0.01). In addition, both grazing 

activity and bite rate were affected by the time of measurement (P < 0.01) reaching the 

higher values immediately after cows entered to the paddock after milking and 

progressively decreased once grazing advanced (Fig. 4). 
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Table 4. Animal activity and grazing behavior for New Zealand Holstein (NZH) and 

North American Holstein (NAH) cows during the measurement period. 
s.e.m., standard error of the mean 

Item NZH NAH s.e.m. p-value 

Total grazing time (min/d) 494 462 25 0.13 

Daylight grazing time (min/d)A 384 373 8 0.13 

Night grazing time (min/d)B 115 92 13 0.05 

Daylight grazingA 
    

Grazing session (sessions/d) 4.3 4.6 0.3 0.33 

Duration 1st AM grazing session (min) 139 142 10 0.71 

Duration 1st PM grazing session (min) 127 123 5 0.44 

Bite rate (bites/min) 38 40 2 0.12 

 

Animal activity (% visual observed time) 
    

Grazing 68 66 2 0.11 

Ruminating 17 18 3 0.32 

Standing 82 84 2 0.22 

Lying down 18 16 2 0.18 
Animal activity and bite rate were affected by the time of measurement but there was no interaction 

between Holstein strain and time of measurement. 
A Measured by visual observation 
B Measured using activity recorder collars (Moonitor®) 
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Fig. 4. Heat production and grazing activity along the day. White bars represent 

daylight grazing activity (min/h) recorded thought visual observation and dark bars 

represent night grazing activity (min/h) recorded by activity collars. Solid lines 

represent the bite rate (bites/min) and the dashed line represent the heat production 

(kJ/kgBW0.75.d). There was no interaction between Holstein strain and time of 

measurement for the analyzed variables. 

 

3.5. DISCUSSION 

 

Our results supported that both Holstein strains during late mid-lactation (183 

± 37 DIM; mean ± s.d.) managed under a grazing system without supplementation had 

similar milk yield, but NZH cows had a greater milk solid content and therefore, they 

had also greater REmilk when compared with NAH cows. Moreover, MEI was greater 

for NZH than NAH cows which allowed them to dilute more the maintenance energy 

cost which was reflected in a greater energy and feed efficiency. Thus, the greater 

partitioning of consumed energy towards milk solid production observed for NZH 

cows would indicate that this Holstein strain is more suitable to be managed on 

pasture-based dairy systems than the NAH strain. 
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According to the different selection criteria in each strain (Miglior et al., 2005), 

when compared with NAH cows, NZH cows produced milk with a greater fat and 

protein content which is usually a key factor to define milk price in countries with a 

strongly exporting profile as New Zealand (Marshall, 1989). In contrast, despite the 

greater milk yield potential of NAH than NZH cows (Miglior et al., 2005), milk yield 

was similar between Holstein strains which indicated, as was reported previously 

(Kolver and Muller, 1998), that NAH cows were limited to express their high-milk 

production potential when they were managed in a grazing only dairy system. Indeed, 

as observed by Kolver and Muller (1998), the MEI from the pasture of NAH cows was 

not enough to supply their energy requirements. The lower MEI, expressed as 

kJ/kgBW0.75.d, for NAH than NZH cows was explained by differences in pasture DMI 

since both strains grazed the same pasture and there were neither differences in 

chemical composition nor in OMD between Holstein strains. 

Although daily pasture DMI did not differ between Holstein strains, when 

expressed per unit of BW or BW0.75, NZH cows consumed 11 or 9% more pasture than 

NAH cows, respectively. However, differences between Holstein strains in pasture 

DMI per unit of BW or BW0.75 were not explained by animal behavior during daylight 

as neither grazing time nor bite rate differed between NZH and NAH cows. In contrast, 

McCarthy et al. (2007) reported that daily grazing time (24 h) was longer for NZH 

than NAH cows which explained how NZH cows reached similar pasture DMI than 

NAH cows in this experiment despite the difference in BW between strains. Indeed, 

in our experiment NZH cows grazed 23 min more than NAH cows during the night 

hours, but night grazing time only represented 23% of the total grazing time for NZH 

cows and 20% for NAH cows, therefore, it only could partially explain the differences 

found in pasture DMI per unit of BW or BW0.75. 

In the present work, as neither grazing time nor bite rate were different between 

Holstein strains, it could be expected that bite weight (g/bite) would not differ between 

NZH than NAH cows. Bite weight is a function of pasture density and bite volume 

(Gregorini et al., 2013), thus, as all cows were grazing the same pasture and therefore 

similar pasture density, differences in bite volume between strains could be expected. 

Bite volume is a function of the bite depth which is mainly influenced by the sward 
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height and the bite area which is dependent of the animal’s dental arcade width that 

have a strong relationship with BW0.36 (Gregorini et al., 2013). Hence, dairy cows with 

less BW, as NZH when compared with NAH cows, would have a greater bite area in 

relation to their BW and therefore, a greater relative bite weight (g/bite.kg BW).   

In addition, duration of first AM and PM grazing sessions as well as the number 

of grazing sessions during daylight hours were similar between Holstein strains which 

was in agreement with Heublein et al. (2017) who did not report differences in number 

or duration of the grazing sessions between NZH and Swiss Holstein-Friesian. On the 

other hand, independently of the Holstein strain, the first AM was 16 min longer than 

the first PM grazing session which may be related with a greater animal fasting status 

as consequence of the lower grazing activity during the night (Chilibroste et al., 2007). 

The greater MEI of NZH than NAH cows allowed the former ones to have a 

greater dilution of the maintenance energy requirements than the latter ones and 

therefore, they were able to partition a greater proportion of their MEI to milk-solid 

production (VandeHaar et al., 2016) which was clearly reflected in both, energy and 

feed efficiency. Although REmilk was 25% greater for NZH than NAH cows, HP did 

not differ between Holstein strains suggesting maintenance energy requirement was 

reduced for NZH cows.  Total HP is the sum of the HP associated with maintenance 

functions (HPm) and the HP associated with production functions (HPp) (Miron et al., 

2008), thus it could be expected that NZH cows would have greater HPp associated 

with the greater REmilk and therefore, less HPm when compared with  NAH cows. 

Indeed, in a recent work (Talmón et al., 2020), we reported that ME requirements for 

maintenance were 17% greater for NAH than NZH cows which could be associated 

with increased fasting HP associated to a higher proportion of body protein mass and 

higher relative mass of the internal organs.  

However, residual HP was not different between Holstein strains and averaged 

135 kJ/kg BW0.75.d, indicating that the measured HP in this experiment was greater 

than the predicted HP based on NRC (2001) model. This value represents a 25% 

increment of the ME requirement for maintenance proposed by NRC (2001) (540 kJ/kg 

BW0.75.d). Although it could be considered entirely as an increment of the energy cost 

as consequence of the grazing activity cost, it is more likely that the residual HP 
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includes part of the maintenance energy costs associated with walking and grazing 

activity, as well as an increased basal metabolism associated with the high proportion 

of fiber in the diet (Agnew and Yan, 2000). On the other hand, it is well known that 

the NRC model (2001) was not developed with focus on grazing dairy systems, so it 

would be expected that prediction of performance of grazing dairy cows could be 

limited as proposed equations for activity energy requirements are based on many 

assumptions and very limited data. In contrast, the Egraze model developed by CSIRO 

(2007), which contemplate the environment in which the animal is managed (distance 

from pasture to milking parlor, topography, grazing density, green forage availability, 

pasture digestibility and dry matter intake), could be more suitable to predict the 

activity energy requirement of a grazing animal in a wide range of grazing conditions. 

The predicted ME cost of activity for the grazing conditions of this experiment was 63 

kJ/kg BW0.75.d for NRC (2001) while it was 257 kJ/kg BW0.75.d for CSIRO (2007) 

which demonstrate that CSIRO (2007) predicted 4-fold greater ME requirements of 

activity than those proposed by NRC (2001) and 90% greater than the average residual 

HP (135 kJ/kg BW0.75.d) of both strains. Thus, predicted activity requirements 

estimated by both systems do not explain the activity energy cost calculated based on 

the residual HP as they under or overestimate it. 

Independently of the Holstein strain, grazing activity and HP varied along the 

day; grazing activity occurred mainly within daylight hours (approximately 80% of 

the total grazing time) and the most important grazing bouts, in terms of grazing time 

and bite rate, were the first ones immediately after milking. This could be associated 

with a fasting period during the walking from pasture to the milking parlor and during 

the milking time (Chilibroste et al., 2007). During the first half of these grazing 

sessions a high proportion of the removable pasture is consumed as consequence of a 

high instantaneous intake rate (Chilibroste et al., 1998) which was, in the present study, 

reflected not only in grazing time but also in high bite rate at this time. The high pasture 

intake rates reached by cows in the first grazing sessions after milking requires an extra 

muscular activity that is associated with an increment in HP in comparison when the 

cow is not grazing. In addition, in this experiment there was a gradual increment of the 

HP as the daylight hours progressed which is related with the accumulative pasture 
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DMI during the day that stimulates the heat increment associated with the absorption, 

digestion and transport of the feed along the gastrointestinal tract (Webster, 1980). 

 

3.6. CONCLUSIONS 

 

Energy and feed efficiency were greater for NZH than NAH cows when they 

were fed with an only-pasture diet. This greater efficiency was explained by a greater 

pasture DMI related to their BW which led to a greater MEI expressed as kJ/kg 

BW0.75.d and allowed further dilution of their maintenance energy requirements. 

Moreover, it was possible to infer that NAH cows had a greater maintenance energy 

cost because HP was similar but REmilk was lower (less HPp) for NAH than NZH 

cows and therefore, the HPm would be greater for the former ones. Differences 

between Holstein strains in maintenance energy requirements could not be associated 

with the grazing activity but probably due to differences in basal metabolism. 
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4. DISCUSIÓN Y CONSCLUSIONES FINALES 

 

4.1. DISCUSIÓN 

 

Los sistemas de producción de leche uruguayos se caracterizan por ser sistemas 

de producción pastoriles a cielo abierto; en los cuales la dieta anual se compone un 

55% como pastura cosechada directamente por los animales y hasta un 75% como 

pastura + reservas forrajeras que usualmente son producidas dentro del predio. Esta 

alta relación de alimentos fibrosos con respecto a los alimentos concentrados es la 

razón del bajo costo de producción y por lo tanto, el sustento de la competitividad 

internacional de nuestros sistemas de producción de leche (Fariña y Chilibroste, 2019). 

Sin embargo, existen trabajos que reportan que la performance productiva de 

vacas lecheras que integren el pastoreo como parte de su estrategia de alimentación es 

menor a la de sus pares consumiendo una DTM en condiciones de estabulación como 

consecuencia de un menor consumo de energía (Kolver y Muller, 1998; Bargo et al., 

2002). Estos trabajos fueron pioneros en identificar la energía como el primer nutriente 

limitante de la producción en los sistemas pastoriles y por lo tanto, el diseño de 

estrategias de alimentación que permitan lograr mayores consumos de energía o hacer 

un uso más eficiente de este nutriente en los animales sigue siendo un aspecto relevante 

para aumentar la productividad de estos sistemas. 

Por otro lado, el efecto de la estrategia de alimentación en la productividad del 

sistema no es independiente del genotipo lechero que se utilice. De hecho, se ha 

reportado una superioridad del HNZ frente al HNA en cuanto a consumo de MS 

(%PV), balance energético, performance reproductiva y eficiencia de producción (kg 

sólidos/kg PV0,75) cuando ambas líneas genéticas son manejadas bajo pastoreo (Kolver 

et al., 2002; Horan et al., 2005; Macdonald et al., 2008). A pesar de esto, y teniendo 

en cuenta que nuestros sistemas son esencialmente pastoriles, solamente un 6,3 % del 

rodeo lechero nacional está compuesto por HNZ mientras que el HNA representa un 

83,6 % (INALE, 2014). 

Es así como, se llevó adelante este trabajo con el objetivo de generar evidencia 

sobre la eficiencia y partición de la energía de cada línea genética Holando en un 
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sistema de producción representativo de la lechería nacional (sistema mixto; pastoreo 

+ suplementación con concentrado; experimento 1). El sistema de producción mixto 

es predominante en nuestro país (Fariña y Chilibroste, 2019) y representa un entorno 

productivo muy diferente a lo que es una estrategia de alimentación exclusivamente 

pastoril o de baja suplementación con concentrado (<15% dieta) y/o confinamiento 

con suministro de DTM. De hecho, la gran mayoría de los experimentos donde se 

evaluó el efecto de la línea genética Holando es bajo uno de estos dos sistemas (Kolver 

et al., 2002; Macdonald et al., 2008; Thanner et al., 2014) y por lo tanto es necesario 

conocer que línea genética se desempeña mejor bajo una condición de pastoreo con 

alta suplementación con concentrado (1/3 de la dieta). Las vacas HNA bajo pastoreo 

pueden alcanzar respuestas lineales a la suplementación hasta 10 kg MS/d de 

suplemento consumido (Bargo et al., 2002) dejando en clara evidencia el desacople 

entre los requerimientos y el consumo de energía que presenta esta línea genética de 

alta producción bajo condiciones de pastoreo (Baudracco et al., 2010), y posicionando 

a la suplementación energética como la alternativa de manejo que ayudaría a explotar 

el potencial genético de las vacas HNA en pastoreo. 

Los resultados productivos encontrados en el experimento 1 fueron los 

esperados en base al criterio de selección que originó cada línea genética. Las vacas 

HNA produjeron 4,7 ± 1,9 kg/d más de leche que las vacas HNZ, pero con menores 

porcentajes de grasa y proteína. Esta diferencia en el contenido de sólidos fue la razón 

por la cual ambas líneas genéticas tuvieron similar producción de grasa y proteína. En 

países netamente exportadores como es el caso de Uruguay, la industria láctea fija el 

precio del litro de leche en base a un sistema de pago denominado “A + B – C” donde 

paga por cada kg de grasa y proteína y penaliza por cada litro remitido (Marshall, 

1989) con el objetivo que los productores prioricen la producción de sólidos lácteos 

frente a la producción de leche. Desde este punto de vista, manejando ambas líneas 

genéticas bajo un sistema mixto, las vacas HNZ generarían un mayor ingreso bruto ya 

que produjeron la misma cantidad de grasa y proteína, pero en un menor volumen de 

leche que las vacas HNA a pesar de ser 60 ± 15 kg más livianas. 

Por otro lado, los resultados obtenidos en el experimento 1 indicaron que las 

vacas HNA presentaron un mayor requerimiento energético de mantenimiento, 



 52 

evidenciado a través de una mayor PC residual y ENmb, que las vacas HNZ. El mayor 

costo de mantenimiento que presentaron las vacas HNA podría estar explicado por una 

mayor tasa metabólica como consecuencia de su selección genética focalizada en la 

producción de leche. Es esperable que vacas de alta producción presenten un mayor 

costo energético de mantenimiento como consecuencia de un mayor tamaño relativo 

de sus órganos internos (corazón, hígado, vísceras) y una mayor proporción de proteína 

en su composición corporal que impacta en un alto turnover proteico (Agnew y Yan, 

2000). En este experimento la EMm fue un 17% mayor en las vacas HNA que en las 

vacas HNZ (853 vs. 729 kJ/kgPV0,75/d) y en promedio fue 46% mayor que el valor de 

540 kJ/kg PV0,75/d propuesto por el NRC (2001). Esto indica que el costo energético 

asociado a la actividad de pastoreo tiene un peso importante en los requerimientos de 

EMm, así como también deja en evidencia que los requerimientos ENmb propuestos 

por el NRC (2001) están subestimados frente a los que se proponen actualmente para 

las vacas modernas (Moraes et al., 2015). 

A pesar de las diferencias en la EMm, la proporción de energía consumida que 

fue retenida en leche y tejido (ER/CEM) no fue diferente entre las líneas genéticas 

Holando evaluadas, lo cual indica que, desde el punto de la eficiencia energética, 

tendrían un comportamiento similar cuando son manejadas en un sistema mixto con 

alta suplementación. La suplementación con concentrado incrementa el CEM 

permitiendo una mayor dilución de los costos energéticos de mantenimiento que 

repercute en una mayor eficiencia energética (VandeHaar et al., 2016). Si bien este 

efecto es independiente de la línea genética es esperable que las vacas HNA aumenten 

en mayor medida el CEM que las vacas HNZ en base a la mayor respuesta a la 

suplementación reportada (Horan et al., 2005). Sin embargo, parece evidente que la 

suplementación con 1/3 de la dieta en base a concentrado no fue suficiente para 

explotar el potencial genético de las vacas HNA ya que no pudieron superar a las vacas 

HNZ en lo que respecta a la eficiencia alimenticia (1,41 vs. 1,37 kg de leche corregida 

por energía/kg de MS consumida para HNZ y HNA, respectivamente). 

En el experimento 2 ambas líneas genéticas se manejaron bajo un sistema 

exclusivamente pastoril sin suplementación. En estas condiciones el CEM de las vacas 

fue 21% inferior al obtenido en el experimento 1 con suplementación. Esto llevó a que 
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las vacas HNA logren una menor dilución de sus altos requerimientos de EMm y por 

lo tanto la ER/CEM fue menor en comparación a las vacas HNZ. Este experimento 

reafirma lo reportado por Kolver y Muller (1998) sobre las restricciones que impone 

una dieta exclusivamente pastoril en las vacas de alta producción (HNA) para explotar 

su potencial genético. A diferencia del experimento 1, en esta situación sin 

suplementación, la producción de leche (kg/d) no fue diferente entre las líneas 

genéticas a pesar del mayor PV de las vacas HNA frente a las vacas HNZ. Al no ser 

suplementadas, las vacas HNZ presentaron un mayor CEM, expresado como 

kJ/kgPV0,75/d, que sumado a una menor EMm permitió una mayor retención en leche 

de la energía consumida (ER/CEM) y repercutió en una eficiencia alimenticia 14% 

mayor en las vacas HNZ que las vacas HNA. Las diferencias en CEM (kJ/kgPV0,75/d) 

observadas entre las líneas genéticas bajo condiciones exclusivamente de pastoreo sin 

suplemento responden a diferencias en el consumo de MS de pastura (3,18 vs. 2,86 kg 

MS/100 kg PV para HNZ y HNA, respectivamente), indicando que, bajo estas 

condiciones, las vacas HNZ tendrían una mayor capacidad de satisfacer sus 

requerimientos energéticos a través del consumo de pastura que las vacas HNA. 

Por otro lado, este trabajo demuestra el potencial que presenta la técnica del 

pulso de O2 (Brosh, 2007) para la estimación del gasto energético de animales en 

pastoreo. Sin embargo, Oss et al. (2016) reportaron que la técnica del pulso de O2 tiene 

una gran exactitud que proporciona buenas estimaciones de la PC, pero con una 

precisión moderada debido al alto coeficiente de variación entre animales que 

repercute en pérdida de potencia estadística y por lo tanto un mayor número de 

animales experimentales (n) serían necesarios para identificar diferencias. A pesar de 

esto, Tedeschi (2006) argumentó que la utilización de un método de estimación exacto 

es más importante que un método preciso ya que el valor promedio “real” puede 

detectarse utilizando un método impreciso, pero promediando un gran número de 

datos. Por lo tanto, se compuso una base de datos mayor en base a los resultados 

obtenidos en ambos experimentos con el objetivo de aumentar el número de 

observaciones experimentales y mediante el análisis de la regresión lineal entre el 

CEM y la PC para estimar la EMm (Brosh, 2007) para cada línea genética Holando. 
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Fig. 5. Relación entre el consumo de energía metabolizable (CEM) y la producción 

de calor (PC) o la energía retenida (ER). PC-HNA = 420 + 0,393 CEM; PC-HNZ = 

379 + 0,396 CEM; ER-HNA = -420 + 0,607 CEM; ER-HNZ = -379 + 0,604 CEM. 

 
Utilizando la regresión lineal entre la PC y el CEM se puede estimar 

indirectamente los requerimientos energéticos de mantenimiento. El intercepto de la 

regresión entre el CEM y la PC representa el requerimiento de energía neta de 

mantenimiento (ENm) mientras que la pendiente de la regresión entre la ER y el CEM 

representa la eficiencia en el uso de la energía metabolizable (kl). El requerimiento de 

energía metabolizable de mantenimiento (EMm) se puede estimar como ENm / kl. 

En base a la Fig. 5. se puede concluir que el kl no fue diferente entre las líneas 

genéticas Holando y fue en promedio 0,61. Este trabajo está en línea con lo reportado 

por Gordon et al. (1995) y Ferris et al. (1999) quienes no reportaron diferencias en kl 

entre vacas Holando de diferente mérito genético indicando que el kl no se afectaría 

por el genotipo lechero y/o la producción de leche. Además, el valor de 0,61 es muy 

cercano al 0,62 y 0,64 utilizado por el NRC (2001) para mantenimiento y lactación 

respectivamente, así como también al 0,63 reportado por Dong et al. (2015b) para 
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vacas consumiendo > 60 % de forraje en la dieta o 0,60 reportado por Xue et al. (2011) 

para vacas consumiendo 30% de concentrado. 

Comparando los interceptos de las regresiones lineales entre el CEM y la PC 

(con una pendiente en común) para cada línea genética, se observa una ENmb 11% 

mayor (P = 0,010) para las vacas HNA que las HNZ, lo cual representa 65 

kJ/kgPV0,75/d de EMm (692 vs. 627 kJ/kgPV0,75/d para las vacas HNA y HNZ, 

respectivamente). La mayor EMm de las vacas HNA podría asociarse a la selección 

genética en base a la producción de leche que ha generado una vaca que necesita más 

energía por kg de PV0,75 para vivir (Moraes et al., 2015) como consecuencia de una 

mayor proporción de proteína en su composición corporal (Nour et al., 1983) y un 

mayor tamaño relativo de órganos internos (Agnew y Yan, 2000) que las vacas HNZ. 

Además, en este trabajo, el comportamiento de las vacas en pastoreo (tiempo de 

pastoreo y tasa de bocado) no fue diferente entre las líneas genéticas lo que indicaría 

que las diferencias observadas en el costo energético de mantenimiento no estarían 

principalmente asociadas a diferencias en la actividad de pastoreo entre las líneas 

genéticas Holando. 

Por otro lado, el valor promedio de EMm de este experimento fue 660 

kJ/kgPV0,75/d, siendo muy similar al reportado por Dong et al. (2015b) de 675 

kJ/kgPV0,75/d para vacas lecheras consumiendo >60% de su dieta como forraje. Sin 

embargo, este valor se encuentra 22% por encima del valor reportado por el NRC 

(2001) de 540 kJ/kgPV0,75/d, lo cual estaría explicado por mayores gastos de energía 

asociados a la actividad de pastoreo (Dohme-Meier et al., 2014), desbalances de 

energía:proteína de la pastura (Bruinenberg et al., 2002) y trabajo del tracto 

gastrointestinal y otros órganos (Dong et al., 2015b). 

Este trabajo está en línea con una serie de estudios que demuestran la 

superioridad de las vacas HNZ frente a las HNA cuando son manejadas en sistemas 

pastoriles (Kolver et al., 2002; Horan et al., 2005; Macdonald et al., 2008), y además, 

plantea la suplementación energética con concentrados como una alternativa de 

manejo que permite mejorar la eficiencia energética de vacas HNA en pastoreo, 

aunque se sabe que altos niveles de suplementación incrementan los costos de 

producción y por lo tanto atentan contra la competitividad internacional de nuestros 
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sistemas lecheros pastoriles (Alqaisi et al., 2011). Finalmente, es importante destacar 

que este trabajo solo aborda aspectos referidos a la partición y eficiencia energética 

durante la lactancia media – tardía, sin contemplar los múltiples efectos que tiene el 

período de transición y la lactancia temprana sobre la salud y la performance 

reproductiva de las vacas lecheras (Kolver et al., 2002; Lucy et al., 2009; Baudracco 

et al., 2010; White et al. 2012), por lo tanto, es necesario integrar todos estos aspectos 

al momento de identificar la línea genética Holando que mejor se adapte a cada sistema 

de producción. 

 

4.2. CONCLUSIONES FINALES 

 

Las vacas HNA presentaron un mayor requerimiento de mantenimiento que 

las vacas HNZ probablemente asociados a diferencias en la composición corporal y el 

peso relativo de sus órganos internos. Además, bajo un sistema mixto con 

suplementación, ambas líneas genéticas presentaron similar eficiencia energética pero 

cuando fueron alimentadas exclusivamente mediante pastoreo las vacas HNZ fueron 

12% más eficiente energéticamente que las vacas HNA como consecuencia de un 

mayor consumo de pastura en relación a su PV que permitió una mayor dilución de 

sus requerimientos energéticos de mantenimiento. Los resultados indican que las vacas 

HNZ presentan mayor eficiencia alimenticia que las HNA cuando son manejadas en 

sistemas pastoriles resultando en una reducción de los costos de producción por unidad 

de sólido lácteo, así como también en una disminución de la huella ambiental.  
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6. ANEXOS 

 

6.1. CALORIMETRÍA INDIRECTA 

 

El término calorimetría hace referencia a la medición del calor. El calor puede 

ser medido directamente a través de métodos físicos (calorimetría directa) o puede ser 

inferido a partir de la medición cuantitativa de algunos de los productos químicos del 

metabolismo (calorimetría indirecta). La calorimetría indirecta es posible debido a las 

limitaciones naturales impuestas a la transformación de energía por las leyes de la 

termodinámica. De fundamental importancia son la Ley de Conservación de la Energía 

(la energía no puede ser creada o destruida, solo se transforma) y la Ley de Hess 

conocida como la Ley de Sumatoria de Calor Constante (el calor liberado por una 

cadena de reacciones es independiente de la ruta metabólica, y únicamente es 

dependiente de los productos finales). En efecto, estas leyes establecen que el calor 

involucrado en el complejo ciclo de reacciones bioquímicas que ocurre en un 

organismo es exactamente el mismo que fue medido cuando el mismo alimento fue 

convertido en los mismos productos finales mediante simple combustión en una 

bomba calorimétrica (McLean y Tobin, 1988). 

 
6.1.1. Técnica de Frecuencia cardíaca – Pulso de O2 (FC-O2P) 

 

La técnica de FC-O2P reportada en primera instancia por Brosh et al. (1998) y 

posteriormente validada a través de una revisión por Brosh (2007) consiste en la 

estimación indirecta de la producción de calor (PC) de un rumiante mediante la 

medición de su consumo de oxígeno. La técnica tiene el potencial de ser utilizada para 

la medición del gasto energético de animales en pastoreo ya que estima el consumo de 

O2 (VO2) del rumiante a través de la relación existente entre el VO2 y la frecuencia 

cardíaca (FC). Esta justificación se basa en que, para el caso de los mamíferos, la 

mayor parte del O2 es transportado hacia los tejidos a través de la acción del corazón, 

y por consecuencia la relación calibrada entre FC y PC tiene gran potencial para ser 

utilizada en mediciones del gasto energético de animales fuera de cámaras 
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calorimétricas (Brosh, 2007). La calibración entre la FC y la PC se realiza mediante 

un coeficiente denominado O2P que representa la cantidad de O2 consumido por latido 

cardíaco y que es propio de cada individuo con determinada dieta y condiciones 

fisiológicas y ambientales específicas, por lo tanto, la técnica requiere de esta 

calibración para cada vez que vaya a ser utilizada. 

Por lo tanto, la técnica consiste en dos set de mediciones; una medición de 

corto plazo (10 – 12 min) en donde se mide en simultáneo la FC (mediante pulsímetros) 

y el consumo de oxígeno (mediante máscaras conectadas a un sistema de circuito 

abierto; Fedak (1981) de un animal inmovilizado sin evidencia de estrés con el objetivo 

de estimar su O2P; y una medición de largo plazo en donde se mide la FC del rumiante 

durante al menos 4 días consecutivos cada intervalos de 5 segundos en su rutina diaria. 

En base a esta información se estima el consumo de O2 que es convertido a calor 

asumiendo 20,47 kJ/L O2 consumido (Nicol y Young, 1990). 

 


