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RESUMO

Objetivou-se avaliar a eficiéncia da metodologia do pulso de oxigénio (O2P) em diferentes tempos
de mensuracgdo utilizando camara respirométrica para estimar a producdo de calor em vacas
leiteiras. Utilizou-se 11 vacas leiteiras (seis da raca Holandesa e cinco vacas % Holandes x ¥
Gir) com uma média de 100 dias de lactacdo e producdo média de leite 23 kg/dia e média 576,5
+ 70 kg de peso. A producdo de calor foi estimada usando a metodologia da camara
respirométrica (PCEcr) e do pulso de oxigénio (PCEozpr), na qual a frequéncia cardiaca (FC) foi
monitorada por quatro dias consecutivos. O O2P foi obtido pela medida simultanea da FC e do
consumo de oxigénio durante 3, 6, 9, 12, 15, 18, 21 e 24 horas em dois dias consecutivos. Duas
camaras respirométrica de fluxo aberto para grandes ruminantes foram empregadas para
determinar o consumo de oxigénio (VOz) e a producao de dibéxido de carbono. Os dados foram
analisados como medidas repetidas, com a metodologia de modelos mistos pelo procedimento
através PROC MIXED do SAS® (versdo 9.0) e a maxima verossimilhanga restrita (REML). A
variacéo entre PCEcr e PCEozrfoi de 10% e foi observada uma correlagéo de 70,6% entre as
duas metodologias (P = 0,03). FC e O2P apresentaram diferenca (P <0,05) até trés horas de
mensuracédo. O VO2 apresentou diferenca apenas as 9 e 12 horas do tempo de mensuracéo (P
<0,05). O uso da metodologia O2P para determinar a producéo de calor tem alta correlagdo com
a metodologia da cAmara respirométrica. No entanto, é necessario um minimo de 3 horas de

avaliag8o para obter uma estimativa mais precisa.

Palavras-chave: Consumo de oxigénio; Camara respirométrica; Girolando; Holandes;

Frequéncia cardiaca.




ABSTRACT

The objective of this study was evaluating the efficiency of the oxygen pulse (O2P) methodology
at different measurement times, using a respirometry chamber to estimate heat production in
dairy cows. were used eleven dairy cows, (Six of breed Holstein and five % Holstein x ¥ Gyr) with
a mean of 100 lactating days, milk production of 23 kg/day and 576.5 + 70 kg of body weight. A
heat production was estimate using the respirometry chamber (EHPrc) and oxygen pulse
(EHPo2p) methodology, in which heart rate (HR) was monitored for 4 consecutive days. Oxygen
pulse was obtained by simultaneously measuring of HR and oxygen consumption (VO3) during 3,
6,9, 12, 15, 18, 21 and 24 hours in two consecutive days. Two open flow respirometry chamber
for big ruminants was employed to determine VO2 and carbon dioxide production. Data were
analysis of repeat measurements, with the methodology of mix models through the PROC MIXED
of SAS® (version 9.0) and the maximum restrained likelihood (REML) as the estimation method.
Variation between estimate heat production EHPrc and EHPozpwas of 10% and was founded a
correlation of 70.6% between methodologies. (P=0.03). HR and OzP showed difference (P<0.05)
at time of three hours. VO2 showed difference just at 9 and 12 hours of measurements time
(P<0.05). The use of the O2P methodology to determine the heat production has a high correlation
with the respirometry chamber methodology. However, a minimum of 3 hours of evaluation is

necessary to obtain a more accurate estimate.

Keywords: Oxygen consumption; Respirometry chamber; Girolando; Holstain; Heart rate.
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1 INTRODUCAO

A energia de mantenga perdida na forma de calor pode representar 70-75% do consumo
total de energia em ruminantes (FERRELL; JENKINS, 1984). E por isto que tém sido investigado
por muito tempo metodologias que permitam entender a relagdo entre diéxido de carbono e
metano produzido em relacédo a taxa de oxigénio consumido para estimar a producao de calor
(PCE) em ruminantes. No entanto, a variacdo deste parametro pode ser afetada pela qualidade
e consumo do alimento, condi¢des climaticas, o tipo e nivel de producdao como também pelas
diferencas entre racas e individuos dentro de uma mesma raca.

A calorimetria mede a producédo de calor no organismo e pode ser determinada de forma
direta ou indireta. A calorimetria indireta quantifica os produtos provenientes do metabolismo
animal como trocas gasosas com o ambiente (DIJKSTRA; FORBES; FRANCE, 2005) (consumo
de oxigénio, producdo de gas carbdnico e metano), combinado com a excrecdo de nitrogénio
urinario (SILVA, 2011; OSS et al., 2016). O uso das metodologias de calorimetria indireta permite
avaliar as exigéncias nutricionais de energia em bovinos sem a necessidade de serem
sacrificados (SILVA, 2011).

Em condicdes de laboratério, a camara respirométrica € um meétodo acurado para
determinar a PCE, porém além de ser praticado em condic¢8es artificiais, € extremamente caro e
requer consideravel experiéncia e infraestrutura, o que o torna impraticavel para pequenas
fazendas (RODRIGUEZ et al., 2007; MACHADO et al., 2016). Neste sentido, pesquisadores
exploram a possibilidade de predizer a producdo de calor a partir da frequéncia cardiaca, uma
vez que a maior parte de O:2 utilizado pelo animal é transportado aos tecidos pela agdo do
coragéo, 0rgdo cuja atividade representa cerca de 10% da producao total de calor (CHAVES et
al., 2014). Esta metodologia é conhecida como pulso de oxigénio (O2P) e tem sido utilizada
amplamente por sua elevada praticidade, na qual o oxigénio € liberado dos pulmdes para os
tecidos do corpo como produto da frequéncia cardiaca e consumo de O: por batimentos
cardiacos. MedigOes realizadas em diferentes horas do dia, sugerem diferengas na frequéncia
cardiaca a qual depende da atividade do momento (BARKAI et al., 2002) e que se traduz em
uma diferenga no consumo de Oo.

O uso da frequéncia cardiaca, sem a calibracao para o volume de oxigénio consumido
por batimento cardiaco, pode apresentar estimativas de baixa acuracia, no entanto a estimagéo
de calor estimada por este método é altamente correlacionada com a obtida na camara
respirométrica (CHAVES et al., 2014; BROSH, 2007). Neste contexto, a metodologia do O2P é
eficiente na estimativa da producdo de calor e é necessario menor tempo de mensuracéo de

consumo de oxigénio, quando comparada a metodologia em camaras respirométrica.
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2 OBJETIVOS

2.1. Objetivo geral

O objetivo deste trabalho foi avaliar a eficiéncia da metodologia do pulso de oxigénio
(O2P) em diferentes tempos de mensuragdo para determinar a producdo de calor, utilizando

camara respirométrica, em vacas leiteiras.

2.2. Objetivos especificos

e Correlacionar a producdo de calor estimada pela cémara respirométrica com a
metodologia do pulso de oxigénio.
e Estimar o tempo ideal de mensuracdo do oxigénio em camara respirométrica para

determinar a producéo de calor pela metodologia do pulso de oxigénio.
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3 REVISAO DE LITERATURA

3.1 Metabolismo energético e producgéo de calor

Os sistemas de recomendacgdo de exigéncias se baseiam nos requerimentos de energia
dos animais para atender as necessidades metabdlicas (KU et al., 2014; POSADA et al., 2017).
Os ruminantes sdo um grupo de animais que tem como particularidade converter alimentos ricos
em celulose e hemicelulose em carne e leite dependendo do propésito produtivo no qual estéo
destinados, isto gracas a atividade fermentativa que ocorre no rimem (SHIMADA, 2015). O
rimen permite fermentacdo microbiana dos componentes dietéticos ingeridos (carboidratos,
lipideos e proteinas) onde os carboidratos sdo convertidos a &cidos graxos de cadeia curta
(AGCCQC), principalmente acético, butirico e propidnico, sendo absorvidos pelos ruminantes e
utilizados como fonte de energia (KOZLOSKI, 2011). Consequentemente, esta fermentacao gera
producéo de gases e calor, considerados como perda de energia que poderia ser aproveitada
pelo animal (TEIXEIRA et al., 2015).

Parte da energia bruta dos alimentos consumida pelo animal, é perdida nas fezes e é
chamada de energia digestivel (ED). Da ED disponivel o animal perde energia na urina e
producdo de metano, que € chamada de energia metabolizavel (EM). A partir da EM subtraida
do incremento cal6rico ou producéo de calor é possivel chegar a energia liquida de mantenca e
energia liquida de producdo. Dentro desse processo, 0s sistemas de produ¢do bovina diferem
na eficiéncia da utilizacdo da energia, e a particdo energética em ruminantes é estudada para
gerar alternativas no manejo nutricional que permita incrementar a energia retida nos produtos
(MENDOZA et al., 2008).

A maior parte da energia metabolizavel consumida pelos ruminantes é dissipada como
calor, denominada producdo de calor ou gasto de energia (BROSH, 2007), sendo que no
metabolismo energético, a producado de calor nos animais € determinada como produc¢éo de calor
total, nas quais estdo contidos o calor requerido para mantenca e o calor perdido como
incremento calérico (RODRIGUEZ et al., 2007). O custo energético de mantenca perdido na
forma de calor pode representar de 70-75% do consumo de energia (FERREL; JENKINS, 1984)
e as diferencas nas exigéncias de mantenca, sdo componentes chaves que definem as variactes
na eficiéncia entre os animais (BROSH et al., 1998a).

Desta forma, pesquisas tém se dedicado a estudar as exigéncias nutricionais de energia
em ruminantes em condi¢des tropicais (SILVA et al.,, 2002, 2011, 2017; BACKES, 2003;
MACHADO et al., 2016; OS et al., 2017). Ferreira (2011) utilizando 12 novilhas ndo gestantes
Gir e seis F1 Holandés x Gir, com peso corporal médio de 450 kg, em um estudo para determinar
o fracionamento energético da exigéncia de energia liquida para mantenca e a eficiéncia de
utilizac@o da energia metabolizavel para mantenca desses grupos encontrou perdas de energia
nas fezes, urina e metano em média de 61%; 5,8% e 5,9% respectivamente da energia bruta

(EB) ingerida para ambos grupos. Ja o porcentual da EB perdida como incremento calérico (IC)
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da dieta foi semelhante para os dois grupos correspondendo a cerca de 18%. A energia
metabolizavel correspondeu a 49% da EB ingerida e a conversdo da EM para energia liquida
apresentou eficiéncia de 63%.

Outro estudo com 42 vacas em lactagcdo avaliou o efeito de duas dietas, diferindo no teor
de volumosos e na digestibilidade in vitro da matéria seca, sobre a taxa respiratoria, temperatura
corporal, o comportamento alimentar e o balanco energético. Os autores observaram que a EM
e sua eficiéncia de utilizacdo para producdo de energia retida foi similar entre os tratamentos
(121 vs 127 MJ/vaca/dia) (ADIN et al., 2008).

3.2 Calorimetria indireta

A calorimetria € um ramo da fisica que estuda a medi¢do de calor e suas constantes
térmicas. Existem duas maneiras de se conhecer sua producéo, a primeira é de forma direta, em
que o calor liberado pelo animal altera a temperatura do meio (LACHICA; AGUILERA, 2008),
sendo a segunda de forma indireta que permite determinar de maneira mais pratica as exigéncias
nutricionais dos animais. Na metodologia de calorimetria indireta, mensura-se as trocas gasosas,
sendo eles, consumo de oxigénio e producédo de didxido de carbono (DIJKSTRA; FORBES;
FRANCE, 2005).

A respirometria permite obter resultados que ajudam a determinar o efeito que a taxa de
passagem, o consumo animal e a qualidade da forragem tém na producdo de calor e metano
entérico (TEIXEIRA et al., 2015). Nessa metodologia, a energia produzida pelo organismo animal
em forma de calor é determinada por médio da medicdo das trocas gasosas (consumo de
oxigénio, producao de dioxido de carbono e metano) em combinagcdo com o nitrogénio urinario
excretado (KLEIBER, 1975).

3.2.1 Camara respirométrica

A camara respirométrica foi desenvolvida a partir de estudos em nutricdo animal para
espécies domésticas, onde por médio do isolamento de organismos em repouso eram avaliados
a liberacéo de COz e consumo de Oz, em conjunto com as excretas produzidas para calcular o
calor gerado (FERRANNINI, 1988).

Este tipo de camara pode ser composto por sistemas de circuito fechado ou aberto,
sendo que em ambos 0s sistemas contam com controle de temperatura e umidade, e uma bomba
de ar que realiza a circulacdo dele dentro da camara (MACHADO et al., 2016; CANUL et al.,
2017). A principal diferenca entre os dois sistemas é que o circuito fechado néo permite a entrada
de ar externo dentro da cAmara, sendo que uma bomba de ar realiza a circulagdo interna. Ja no
circuito aberto, ocorre entrada de ar de fora da cadmara, no qual realiza-se a renovacéo de ar

interno por um fluxo constante durante o periodo de medicao (SILVA, 2011).
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No Brasil a utilizacdo dos estudos com calorimetria indireta para determinar as exigéncias
nutricionais em ruminantes € recente, sendo a técnica mais utilizada a do abate comparativo.
Ferreira (2014) determinou a energia liquida de mantenca em machos holandés x Gir utilizando
a técnica do abate comparativo e cAmara respirométrica, e observou resultados similares em
ambas as metodologias. Por sua vez, Oss et al. (2016) utilizando camara respirométrica de
circuito aberto para avaliar 24 touros mesticos com 10 meses de idade para determinar os
requerimentos de energia e proteina (Holstein x Gir) observou que a exigéncia de energia liquida
para mantenca foi 74,8 kcal’lkg PC%75 por dia e a energia metabolizavel para mantenca foi 120
kcal/lkg PC%7 por dia.

Da mesma forma, Oliveira (2017) estimou a producdo de calor e emisséo de CHa4 por
calorimetria indireta em novilhas da raca Holandesa, Girolando e Gir, fornecendo uma dieta
composta por silagem de milho e concentrado. Os animais da raca Holandesa apresentaram
consumo de energia metabolizavel (Kcal/kg PC®75) superiores em 9,63 e 16,52% em relagdo a
novilhas Girolando e Gir, respectivamente. As exigéncias de energia liquida para mantenca
(ELm) nas novilhas Holandés, Gir e Girolando obtidas foram de 83,0; 63,5 e 80,6 Kcal/kg PC075,
sendo que a de energia metabolizavel de mantenca (EMm) de 130; 106 e 123 Kcal/lkg PC%75,
respectivamente. Com isso, 0 autor observou que o aumento da oferta de alimentos resultou em
reducdo da producdo de calor como propor¢cdo da energia bruta ingerida para todas as
composicdes genéticas. Animais zebuinos ou mesti¢cos (Holandés x Gir) ndo emitem maiores
quantidades de CH4 em relag&o a animais taurinos criadas em condi¢fes tropicais, mas possuem
menor exigéncia de ELm e EMm. Posada et al. (2017) utilizaram 5 animais da raca Nelore para
determinar as exigéncias de mantenca e ganho de peso durante a fase de crescimento e
terminacéo. Foi estimado a producéo de calor por meio de calorimetria indireta de circuito aberto
com trés niveis de alimentacao (ad libitum, restrito e rapido) e 4 periodos: 210, 315, 378 e 454
kg PC). A energia exigida para mantenga por kg de peso corporal metabdlico variou entre 348 e
517 kJd1 mostrando uma tendéncia decrescente com a idade, enquanto as exigéncias da
energia para ganho de peso variaram entre 48,3 e 164 kJ kg! PV. Com isso, os autores
observaram que os parametros foram influenciados pela idade, nivel de estresse e atividade do
animal dentro da camara de respirometria. Carvalho et al. (2018) utilizaram camara
respirometrica e ndo observaram diferenca entre as exigéncias de mantenca de vacas Gir e F1
(Holandes x Gir) com 130 dias de lactacéo (426,6 MJ/Kg PV%7%), entretanto observaram maior

exigéncia para producéo de leite nas vacas F1 pela alta produtividade em relagao as vacas Gir.
3.2.2 Frequéncia cardiaca
A frequéncia cardiaca (FC) também conhecida como pulso é a medida do nimero de

vezes que o coracdo bate por minuto. E um dos sinais vitais mais importantes que pode ser

monitorado tanto para humanos como para animais (KOVACS et al., 2013).
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A frequéncia cardiaca nos animais é controlada por um mecanismo complexo que
considera a demanda de oxigénio das células ao mesmo tempo em que garante que essa
demanda é suprida pelo coracdo (CUNNINGHAM, 1999). Por exemplo, atividades que exigem
exercicio (movimento, deslocamento, corrida etc.) envolvem uma maior demanda nos musculos,
maior consumo de oxigénio e, consequentemente, o coragao tem que trabalhar mais rapido para
suprir a demanda (BROSH et al., 2004).

Situacbes que envolvem algum tipo de estresse em animais, sao outra condicdo que
pode implicar em aumento da frequéncia cardiaca, interpretado como medo, que também ocorre
em seres humanos de forma semelhante, o corpo se prepara para uma situacao de luta ou fuga
e isso causa 0 aumento previsto na demanda de oxigénio (HOPSTER; BLOKHUIS, 1994,
KOVACS et al., 2013; COSTA et al., 2018).

Dependendo da raca, idade, condicao fisiolégica e dieta, a frequéncia cardiaca pode
variar entre os individuos (COSTA et al., 2018), No entanto, a literatura apresenta uma média
para bovinos adultos variando de 60 a 80 bat / min, que também pode ser afetada pelo tipo de
atividade no qual o animal esta exposto e a temperatura ambiente (HOPSTER; BLOKHUIS,
1994). Adin et al. (2008) reporta uma média de 76 batimentos por minuto em 42 vacas multiparas
Holandesas em lactacao avaliadas. Da forma similar Aharoni et al. (2003), observou uma média
normal de 82,7 batimentos por minuto em 20 vacas leiteiras de alta produtividade.

Em um estudo realizado com 16 bezerros da raga Holandes entre um e 6 meses de idade
criados em duas altitudes diferentes, os autores observaram que os bezerros mantidos ao nivel
do mar apresentaram menor frequéncia cardiaca em relacao aos bezerros que eram criados em
altitudes mais elevadas (87,33 + 9,7 bat / min x 127,40 + 7,52 bat / min; P <0,05).. A menor
frequéncia cardiaca em altas altitudes esta associada a disturbios causados pela baixa pressao
parcial do oxigénio atmosférico, produzindo estreitamento do limen das artérias pulmonares
(BEGAZO et al., 2017).

As metodologias convencionais utilizadas para determinar a PCE em ruminantes
caracterizam-se por utilizar equipamentos caros, e demandam elevado de tempo para
mensuracao, alterando o comportamento e condicées normais de criagdo dos animais. Neste
sentido, pesquisas tem buscado processos mais viaveis, de menor custo e tempo, capazes de
mensurar a PCE por meio da frequéncia cardiaca (PAYNE et al., 1971; WEBSTER, 1967). A
utilizacéo de frequéncia cardiaca (FC) como indicador de gasto energético, comumente chamado
de producéo de calor, em ovelhas e bovinos foi sugerido anteriormente (WEBSTER, 1967,
YAMAMOTO et al., 1989).

A frequéncia cardiaca é uma variavel fisiolégica de facil mensuracao e mais pratica para
determinar o gasto energético dos animais (BROSH, et al.,, 1998a). Para isso existem
equipamentos denominados frequencimetros que permitem realizar um monitoramento
constante da FC. A correlacdo entre producgéo de calor e FC em humanos (ANDREWS, 1971) e

animais (WEBSTER, 1967), e a relativa simplicidade de mensuracdo da FC, fizeram com que
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esta técnica tivesse potencial para determinar a producdo de calor em animais em seus
ambientes naturais.

Porém, ao utilizar somente a FC como preditora da PCE, a mesma pode fornecer
estimativas incorretas devido aos efeitos do nivel de atividade, variagdes diarias e individuais
dos animais, dietas e outras condigfes fisioldgicas ndo consideradas (YAMAMOTO, 1989;
BROSH, 2007).

3.2.2.1 Pulso de oxigénio

Em mamiferos o oxigénio usado é transportado para os tecidos pelo coragéo, e esse
o6rgdo representa 10% do consumo total de energia corporal. Portanto, ao ajustarmos
individualmente a FC pelo consumo de oxigénio € possivel acessar o volume de Oz bombeado
por batimento (Pulso de O2-O2P). Portanto, o Oz2P, e esse por sua vez multiplicado pelo total de
batimentos diarios pode de produzir estimativas da producédo de calor de maneira bastante
acurada, tanto em humanos sob condi¢des de exercicios e descanso (CEESAY et al., 1989;
LIVINGSTONE, 1997), quanto em animais na pecuaria (AHARONI et al., 2003, 2005, 2006;
ARIELI et al., 2002; BROSH et al. 1998a, 1998b, 2002, 2004). A producao de calor estimada pelo
método do O:P é altamente correlacionada com aquela obtida diretamente na camara
calorimétrica (r = 0,943) (CEESAY et al., 1989). Sendo assim, a metodologia do pulso de oxigénio
€ capaz de determinar producéo de calor e entdo selecionar animais mais eficientes quanto a
metabolizacdo e aproveitamento dos nutrientes (BROSH, et al., 1998a).

A execucdo e a estimativa da metodologia dependem da variabilidade do pulso de
oxigénio, dada as diferentes condicBes ambientais dentro das diferentes horas do dia. O que
permite que essa metodologia seja utilizada em periodos curtos de avaliagdo é o fato que o Oz2P
de cada individuo é considerado constante, desde que o animal ndo esteja em condi¢cbes de
estresse (AHARONI et al., 2003). Se os animais estiverem estressados ao ponto de elevar a FC
em mais de 20% daquela expressa em condi¢des normais (BROSH, 2007), o O2P deixa de ter
uma relacao linear com a frequéncia cardiaca e passa a ter uma relacao quadratica, o que produz
estimativas superestimadas da producéo de calor.

Além disso, em condigBes de temperatura elevada e estresse, a acuracia desta
metodologia pode ser afetada por algumas varidveis, tais como, a variagdo do O2P ao longo do
dia e sob diferentes condi¢cdes ambientais, principalmente em termos de temperatura e namero
de calibracdes por animal (AHARONI et al., 2003; BROSH, 2007; ADIN et al., 2008; COSTA et
al., 2018).

Um estudo realizado com novilhos nelore avaliando indices de eficiéncia alimentar,
frequéncia cardiaca, consumo de oxigénio, parametros sanguineos e producdo de calor,
utilizando a técnica de pulso de oxigénio, os autores nao observam diferencas na producao de
calor estimada, entretanto os animais mais eficientes apresentaram menor frequéncia cardiaca

e menores concentragdes de hematdcritos e hemoglobina sanguineo (CHAVES et al., 2015).
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Oss et al. (2016) comparou a metodologia de pulso de oxigénio com a camara
respirométrica para determinar a producao de calor em touros mesticos (Holandés x Gir) e nédo
encontraram diferenca entre as duas metodologias. Entretanto, os autores observaram que o
método de O2P apresentou elevado coeficiente de variagéo entre animais e em bovinos, e que
estudos adicionais devem ser realizados para minimizar os erros associados a metodologia a fim

aumentar a precisdo da técnica.

3.2.2.2 Periodos de mensuracéo do consumo de oxigénio

Aharoni et al. (2003) e Brosh et al. (1998a) sugeriram um periodo de 15 a 20 minutos
para determinar o consumo de oxigénio por batimento cardiaco para uma adequada estimativa
da producdo de calor no método de O2P. No entanto a acuracia desta metodologia pode ser
afetada pela variagdo de O2P ao longo do dia, sob diferentes condi¢cdes ambientais e pelo nimero
de calibragdes por animal (Brosh, 2014). Os autores avaliaram O:P durante os periodos de
manhé e a tarde e ndo observaram mudancgas de O2P nos animais avaliados (BROSH et al.,
1998b; AHARONI et al., 2003). Aharoni et al. (2003) avaliando bezerros de dois meses de idade,
borregos de cinco meses e vacas leiteiras de alta producdo, com diferentes dietas e ambientes,
observaram que a metodologia do pulso de oxigénio pode ser utilizada para estimar a energia
gasta em ruminantes, embora variagdes entre animais estejam relacionadas com o ambiente.
Neste estudo, os autores encontraram diferencas na frequéncia cardiaca e volume de oxigénio
nas diferentes horas do dia, entretanto ndo foram observados efeito sobre o pulso de oxigénio
em bezerros e borregos. Portanto, os autores concluiram que ndo importa a hora do dia na qual

se realize as mensuragfes do consumo de oxigénio e sim a quantidade de medi¢bes obtidas.
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5.1 Artigo - Oz pulse at different measurement times for determination of heat production in dairy

cows

(Nas normas da revista Animal Feed Science and Technology)
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Abstract

The objective of this study was to evaluate the efficiency of the oxygen pulse (O2P) methodology
at different measurement times, using a respirometry chamber to estimate heat production (EHP)
in dairy cows. Eleven dairy cows (Six of breed Holstein and five % Holstein x ¥ Gyr), with a mean
of 100 lactating days, milk production of 23 kg/day and weight of 576.5 + 70 kg were used to
estimate heat production using respirometry chamber (EHPrc) and oxygen pulse (EHPozp)
methodology, in which heart rate (HR) was monitored for 4 consecutive days. Oxygen pulse was
obtained by simultaneously measuring HR and oxygen consumption (VO3) during 3, 6, 9, 12, 15,
18, 21 and 24 hours in two consecutive days. Two open flow respirometry chamber for large
ruminants was employed to determine VO2 and CO: production. Data were analysis of repeat
measurements, with the methodology of mix models through the PROC MIXED procedure of
SAS® (version 9.0) and the maximum restrained likelihood (REML) as the estimation method.
Variation between EHPo2p and EHPrc was of 10%. It was founded a correlation of 70.6% between
them (P=0.03). HR and O:P showed difference (P<0.05) at time of three hours. VO2 showed
difference just at 9 and 12 hours of measurements time (P<0.05). The use of the O2P
methodology to determine the heat production has a high correlation with the respirometry
chamber methodology. However, a minimum of 3 hours of evaluation is necessary to obtain a
more accurate estimate.

Keywords: Oxygen consumption; Respirometry chamber; Holstain; Calorimetry; Heart rate
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Introduction

It has been invested for a long time in respirometry methodologies who work with the
relation between carbon dioxide and methane produced by the rate of oxygen consumed to
estimate the heat production (EHP) and energy expenditure in ruminants through the
measurement of gas exchange. However, the response variation between these parameters can
be affected by feed intake and quality, climatic conditions, different levels of production (milk or
body tissue gain), as well as the variability between breeds and the different what is showed
between animals in the same breeds. These are directly associated with the efficiency of use of
energy in the animal for maintenance and production (Brosh, 2007; Renaudeau et al., 2012)

These methodologies of indirect calorimetry, named like this because mensure heat
production from the oxidation of organic components in the animal metabolism (Rodriguez et al.,
2007), allow to approach problems in relation to the loss energy that can compromise the
productivity in animals, without this being an invasive method that could put at risk their health
and animal welfare (Lachica and Aguilera, 2008).

Heat production can be indirectly estimated from heart rate (HR) calibrated to oxygen
consumed per HR, because most oxygen used by homoeothermic animals is transported to the
tissues by the heart (Chaves et al., 2015). For this reason, by individually adjusting the heart rate
for oxygen consumption it is possible to obtain the volume of oxygen pumped per beat and in turn
multiplied by the total number of daily beats, it is able to produce estimates of heat production
(Brosh et al., 1998a; 1998b; 2002; 2004). The heat production obtained by this method is highly
correlated to that obtained by respirometry chamber (r = 0.943; Ceesay et al., 1989). However,
unknowns about the time necessary to estimate gas exchange through this methodology in
respirometry chamber, have been a motive to study for improve animal welfare conditions as well
as reduce investment costs by using those methodologies that are usually costly. For this reason,
the objective of this study was evaluating the efficiency of the oxygen pulse (O2P) methodology
at different measurement times, using a respirometry chamber to estimate heat production in

dairy cows.

Materials and methods
Animals and study site

The study was performed at the Bioenergetics Laboratory of the Brazilian Agricultural
Research Corporation (Embrapa), at the Multi-use Livestock Complex of Bioefficiency and
Sustainability at Embrapa Dairy Cattle, in Coronel Pacheco, Minas Gerais, Brazil. All animal care
and handling procedures were approved by the Embrapa Dairy Cattle Animal Care and Use
Committee (Juiz de Fora, Minas Gerais, Brazil; Protocol CEUA 9817210818.

Eleven dairy cows (six Holstein and five crossbred ¥ Holstein x ¥4 Gyr) averaging 23 kg/d
of milk yield and mean of 100 lactating days were used. The experimental period was since

February until March 2019. 15 days were used for adaptation of the diet and the respirometry
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chamber for each animal before to get into the chamber for the collection of oxygen consumption

for 24 hours (total of 21 days of evaluation for each animal).

Animal management

Cows were fed after milking twice a day at 7 a.m. and 3 p.m. in amounts to allow ad
libitum intake (allowing for 5 to 10% leftovers). The diet (Table 1) was formulated to meet the
protein and energy requirements of a 576.5 + 70 kg cow producing 30 kg/d of milk with a restriction
of zero weight gain, according to the NRC (2001). The intake was determined daily by the
difference in weight between the feed offered and orts collected after the morning milking. The
weighing of the animals was performed at the beginning and end of the experiment to determine
the metabolic body weight.

Cows were housed in free stall fitted with electronic feed bins and head gates (AF-1000
Master Gate, Intergado Ltd., Contagem, MG, Brasil), as well as electronic water troughs (WD-
1000, Intergado Ltd., Contagem, Minas Gerais, Brazil). Feed and water bins were attached to
radio frequency identification (RFID) antennas that monitored individual feed and water intake, as
well as feeding and drinking behavior (Chizzotti et al., 2015). The visit duration and the number
of visits to feed and water bins, and fresh feed and water intake data were exported to Intergado®
web software. Cows were fitted with an ear tag containing a unique passive transponder (FDX —
ISO 11784/11785; Allflex, Joinville, SC, Brazil) in the right ear, and each feed bin was randomly
assigned to a single cow. Each respiratory chamber was also fitted with the Intergado® feed
technology. where the animal welfare conditions were maintained daily (cleaning of beds and free
areas, ventilation with spray to mitigate high temperatures).

Cows were milked twice a day (7:00 a.m. and 3:00 p.m.) in a fishbone milking parlor (2x4)
equipped with a semiautomatic system (DeLaval Alpro MM27BC milk meter system; DelLaval
International, Tumba, Sweden). Milk yield data were obtained by Alpro software (DelLaval,
Tumba, Sweden).

To obtain average beats per minute (bpm) and total daily beats, HR per minute was
recorded using heart monitors RS800CX® (G3 Polar Electro Inc., Kempele, Finland) for 4
consecutive days, before to get in the respirometry chamber. Electrodes were fitted to cows with
stretch belts. Frequency transmitter accompanied the animals both in the milking and when they
were free in the confinement barn, as well as when they had contact with the handlers, just like
described for Aharoni et al. (2003).

Estimation of heat production whit respirometry chamber

Two open flow respirometry chamber (described it by Machado et al., 2016) for big
ruminants were used to determine the gaseous exchange (Oz consumption and CO2, CHas
production). which were operated in three steps: 1) Animal handling within the physical chamber

system, 2) Calibration of equipment and sample analyzers, and 3) Capture and transformation of
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data with specific software. For the calculation of EHPrc was used the equation of Brouwer
(1965) but in this trial urinary nitrogen was dismissed in Brouwer’s equation due to the small
contribution for EHP compared with Oz and CO: (Verstegen et al., 1987), where:

EHPRrc (MJ / day) = 16.18V02 + 5.02VCO2 — 2.17CHg4
VO2 = volume of oxygen consumption, VCO: = volume of CO2 produced, VCH4 = volume of
methane produced.

The chambers were equipped with infrared cameras and electronic feed and water bins for
intake measurements. All animals were weighed before getting in the chambers to adjuster flow
rate inlet to chamber (1L for each Kg of BW each animal per minute). The animals remained
confined for two consecutive days. In that period the cows were milked and fed two times per day.
The time lost by this activity was employed to clean and placed the feed. Data between each
measurement time and missing data when the chambers were open (for animal feeding and

milking) was estimated by interpolation (penalized spline model).
Estimation of heat production with O,P

For this method was used the protocol established for Brosh et al. (1998b) with
adaptations. To that protocol is necessary measure oxygen volume during 20 minutes with a
respirometry mask of open circuit (Taylor et al., 1982). However, in this project the consumption
of oxygen was obtained with respirometry chambers. To calculate O2P, oxygen consumption and
HR were simultaneously measured for 48 hours.

Because O:P is constant only under stress-free conditions, calibration of oxygen
consumption per beat was taken only when HR was up to 20% greater than the HR previously
obtained under normal conditions (4 d) to avoid biased results.

The daily consumption was obtained between the multiplication of O2 consumption per
beat per total daily beats. The daily EHPo2r was obtained with the multiplication of the total
consumption of oxygen per the constant 4.89 kcal/L the oxygen (Nicol and Young, 1990). The
equation for EHP o2p, was:

EHP o2p (kcal/lkgBWO75). = (TDB x O2P x 4.89 kcal/LO2) / kgBW? 7>

Where: TDB = Total daily beats; O2P = O2 consumption per beat (L/beat).To estimate the
effect of measurement time about the values of parameters for the O2P methodology, the data
was analyzed in eight times each day (3, 6, 9, 12, 15, 18, 21 and 24 hours) in two consecutive

days.

Statistical analysis

To estimate the effect of measurement time, data were analyzed as repeat measurements
on time, where each parameter was analyzed in eight times (3, 6, 9, 12, 15, 18, 21 and 24 hours),
in two different days. It was used mix models through the PROC MIXED of SAS® (version 9.0)

and the maximum restrained likelihood (REML) as the estimation method.
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For the modeling of the variance and covariance matrix (R matrix), five structures were
tested: VC: (components of variance) characterized by equal variances and independent
observations (no correlation between observations over time); CS: (composite symmetry)
characterized by the equality of variances and covariates; AR (1): (first order auto regression) that
is identified by equal variances and covariates with greater correlation between adjacent
measures; ANTE (1): (Ante Dependency) where the magnitude of covariance depends on the
values of the correlation and associated standard deviation; UN: (unstructured) is characterized
by no mathematical model being imported into the covariance matrix (SAS, 2004). The best fitting
spatial covariance structure was selected based on Akaike's information criterion (smallest) or
convergence of the model. After the best R matrix structure was defined, the result of the fixed
effect test (measurement time) obtained with this matrix was used as a decision criterion about
the significance of the treatment effect (a = 0.05). In cases where the effect of time was considered
significant, the contrast between the mean of the measurement in each time studied and that
obtained during 24 hours in day 1, and 24 hours in day 1 and the difference between the mean
of the day 1 and day 2 , by Tukey's test.

Association between measured EHPrc and EHP o2r was evaluated using Pearson
Correlation Coefficients by PROC CORR (SAS, 2004). Statistical differences were considered
significant at P < 0.05.

Results and discussion

The normal heart rate (85 + 7 beats/min) collected during four days in the usual activities
of the cows was within the normal ranges reported by literature for cattle (Table 2). Hopster and
Blokhuis (1994) reported a range of heart rate taken during two consecutive days from 65 to 97
beats/min in a study made with 10 lactating Holstein-Friesian dairy cows, aged between 2 and 9
years.

While Adin et al. (2008) reported a mean of 76 beats/min in 42 lactating multiparous
Holstein cows treated with two different mixed rations, as well Aharoni et al. (2003), with 20 high-
yielding dairy cows showed a normal means of 82.7 beats/min, in a range 73.5- 96.7 beats/min,
in this experiment the author evaluated the HR as measured over 10 min periods during VO
measurements (with a respirometry mask) determined over 3 days period, the respectively HR
was 80.6 bpm with a range of 67-100.9.

In actual experiment HR collected when the animals were inside the chamber compared
with period of four days showed a variation of 10%. Variations until 20% during calibration period
are considered within the regular pattern (Brosh, 2007), for this reason it is inferred that the
animals were not stressed due to the atypical conditions generated by the respirometry chamber.
The consumption of oxygen and Oz2P (Table 2) were similar with the results founded for Aharoni
et al. (2003) using a respirometry mask (32 ml/min/kg BW°’ and 0.420 ml/beat/kg/

BW?O75 respectively), however, the small variation could be explained for the different in method,
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environment and animals, factors which are strongly related with consumption of oxygen and in
consequences with Oz2P.

The variation between estimate heat production in OzP and respirometry chamber was of
10% (Table 2), however it was founded a correlation of 70.6% between EHPcr and EHPozp
(P=0.03) (Figure 1), which means that O2P method can be a reliable method as well when is
compared with a respirometry chamber, like also was reported for other authors. When heat
production is estimated for the O2P methodology and is comparator with others method like
respirometry chamber or animal sacrifice, a range variation of 2 to 10 % is accepted (Close, 1990).

Oss et al. (2016) found a correlation of 70 % between methodologies in a study using
Twenty-four Holstein x Gyr crossbred 10-month-old bulls for EHP. The similar way Ceesay et al.
(1989) reported a correlation of 94% between methods. Nevertheless, the greater coefficient of
determination, the greater the precision. In this sense, the variation found between authors and
the results of this study are associated with the precision to develop the methods and handling
conditions, also the number of replication can be affect the results because O2P tends to have a
greater coefficient of variation between animals for EHP in low number of replication when is
compared with chambers (Oss et al., 2016).

For the measurement time variations, the variance and covariance matrices that best fit
the data were chosen by the Akaike Corrected Information Criterion (AICC) (Littell et al., 2006).
(Table 3). The AR (1) matrix provided the most appropriate adjustment of the errors for the all
parameters and (ANTE (1)) not converging with any variable.

HR showed difference (P<0.05) at time of three hours in first day, but it was not different
between days 1 and 2 (P>0.05) (Table 4). This probably occurred because the cows were still
shaken at the beginning of the measurement, and so, this result shown that is necessary at least
three hours to stabilized HR. This is contrary to the Brosh et al., (1998a) methodology shows
where it determines that 20 minutes is enough to calibrate HR for VO2. However, if the values of
HR are not greater than 20% of the HR taken in the four days before to the calibration in chamber,
according with this author the EHP will not be super estimated VO2 showed difference just at 9
and 12 hours of measurements time (P<0.05)(Table 4). This variation can be explained for the
activity of the animal inside the chamber like feeding, lie down, stand up, rumination and supplied
the internal metabolism. We should also consider the times when the animal had to leave the
chamber to be milked, period where the cows needs to stabilize its organism with the environment
inside the chambers because oxygen consumption is correlated with activity and intensity of the
activity (Ketelaars and Tolkamp, 1996). In this sense, more period of measurements also, different
levels of activity can be useful to explain consumption of oxygen and could helping to have a solid
database.

Despite the variation of VOz at 9 and 12 hours, O2P was similar in the same periods
(P<0.05), and it was different at time of three hours in first day (P<0.05). This result was similar
to those of Aharoni et al. (2003), where in an experiment with calf’'s determinate that oxygen

consumption can variate, but this will not be affected O2P. The same way, the authors assumed
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that, the maximum deviation of a single O2P measurement from the whole day OzP average could
reach 5%. In other words, measuring more than once this variable on the same day, can help to
decrease this error.

EHPozp in Kcal/day was similar in all the period, but EHPozp adjusted to metabolic body
weigh showed difference (P<0.0001) at time of three hours in first day. This can be explained for
the regulation of environment inside the chamber with the animal and the intervention of the
relation between Oz consumption and CO:2 produced also for the different at time of three hours
in HR.

Conclusions
The use of the O2P methodology to determine the heat production has a high correlation
with the respirometry chamber methodology. However, a minimum of 3 hours of evaluation is

necessary to obtain a more accurate estimate.
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336
337 Figure 1. Pearson correlation between estimate heat production with O2P methodology (EHP

338 o2p kea/MBw) and estimate heat production with respirometry chamber methodology (EHPcR kcaimew).
339 MBW= metabolic body weight.

340

341

342

343 Table 2. Mean, standard deviation, minimum and maximum of heart rate, oxygen consumption and

344 estimate heat production in dairy cows.

Variables Mean SDs Min. Max.
HR?Y, bpm 85.53 7.73 77.15 98.25
HRRrc?, bpm3 94.55 21.29 72.17 136.77
“VO2, ml/min/kg PV0.75 28.34 2.46 24.55 31.61
502Pulse, ml /beat/kg/ BWO75 0.312 0.068 0.188 0.404
SEHPo2p, kcal/day/kg BWO75 192.08 41.28 111.73 242.38
"EHPc, kcal/day/kg BW® 75 214.06 17.70 190.28 240.23
Milk production L/d 19.70 3.69 13.45 24.50
SDMI 172.10 22.00 134.77 201.73

345 1Heart rate at period of four days ? Heart rate in respirometry chamber. *Beats per minutes; 4 Oxygen
346  volume; 5 Oxygen pulse; ¢ Estimate heat production with O2 pulse methodology. 7 Estimate heat
347 production with respirometry chamber. 8Standard deviation error. 8Dry matter intake

348

349
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Table 1. Ingredients and composition of experimental diet
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Ingredients % DM Rate, %DMI

Corn silage 37.5 58.49
Soybean meal 88.9 11.09
Cottonseed 92.0 11.48
Ground corn 90.0 10.67
Premix mineral* 92.8 8.22
Nutrients **

1cp 15.82 -
°ME (Mcal/kg) 2.59 -
SADF 19.50 -
“NDF 20.88 -
SEE 4.28 -
Ashes 6.91 -
Lignin 11.23 -

*Mineral Salt Bovigold® for dairy cows. Sodium bicarbonate. Magnesium. Calcium carbonate. ** %

in 100 grams of the complete diet. 1Crude protein. 2Metabolic energy. *Acid detergent fiber. *Neutral

detergent fiber. >Ethereal extract.
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Table 3. Akaike Corrected Information Criteria (AICC) values for the choice of the best structure for the variance and covariance matrix of the variables
along the times modeled for HR, VO3, OzP and HP.

Parameters
HRRrc VO2 VO2 ml/min/BW%75 O2P O2P ml/beat/BW°75 EHPo2p EHPozp
Estruture beat/min* l/day ml/beat Kcal/day Kcal/day/BW?©.75

VC 755.1 1229.5 406.9 -501.8 -161.1 1623.7 860.7
CS 639.5 1059.6 234.8 -645.0 -295.1 1512.4 747.7
AR(1) 1635.9 11043.2 1220.9 1-649.5 1-298.6 11507.4 1743.4
ANTE (1) - . . ok ok ok -
UN xx 1094.4 255.8 *x *x 1413.3* 712.3*

TSelected model. VC: Variance Components; CS: Compound Symmetry; AR (1): Autoregressive; ANTE (1): Ante-dependence. UN: Unstructured ** did

not converge. HR = Heart rate; EHP = Estimate heat production; BW = Body weigh; VO2 = volume of oxygen; OzP = Pulse of oxygen.
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Table 4. Variation of HRrc, VO2, O2Pulse and EHPozp in dairy cows (n = 11), expressed as the difference between the mean of the measurement in each

378
379  time studied and that obtained for 24 hours in day 1, and the difference between the mean of the day 1 and day 2.
Measurements time (h)
Trait 3 6 9 12 15 18 21 24-Day1 24-Day?2
HRRrc, beat/min 7.60* 4.69 2.69 -2.17 -0.07 0.21 0.01 93.01 94.73
VO, l/day 32.58 -29.60 -131.05* 148.71* 113.99 63.07 3.20 4906.90 4755.28
VO2, ml/min/BW?75 0.11 -0.23 -0.80* 0.89* 0.68 0.37 0.01 28.84 27.96
O2P, I/beat -0.003* -0.002 -0.002 0.002 0.0008 0.0003 0.00004 0.038 0.036
O2P, ml/beat/BW°75 -0.029* -0.022 -0.018 0.018 0.007 0.002 0.0003 0.32 0.30
EHPozp, Kcal/day -1962.36 -1443.35 -1194.71 1169.90 505.18 202.27 26.66 22918 21760
EHPo2p, Kcal/day/BWO.75 -17.91%** -13.51 -10.91 10.56 4.29 1.73 0.21 193.99 184.60
380 Dayl; 2 Day 2; ***P<0.0001, **P<0.001, *P<0.05, HRc = Heart rate; EHPo2r = Estimate Heat production with O2Pulse method; BW?75 = Metabolic
381  body weigh; VO2 = volume of oxygen; O2P = Pulse of oxygen
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6. CONSIDERACOES FINAIS

Foi observada elevada correlacdo entre a metodologia do O2P e da cémara
respirometrica, 0 que demostra que O2P pode ser utilizado como método alternativo para
determinar a producado de calor, entretanto deve ser calibrado pelo menos por um periodo de

trés horas nas condic6es de manejo e ambiente onde foi desenvolvida a pesquisa.




