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Resumo

IZQUIERDO, Vinicius de Souza. Efeitos da suplementacao estratégica com
metionina protegida da degradagao ruminal sob parametros fisiolégicos e
produtivos de vacas Nelore. 2021. 40f. Dissertacdo (Mestrado em Ciéncias) -
Programa de Pds-Graduagdo em Veterinaria, Faculdade de Veterinaria,
Universidade Federal de Pelotas, Pelotas, 2021.

A dificuldade de controle de altos indices de temperatura e umidade em sistemas de
criacdo de bovinos a pasto pode influenciar na eficiéncia produtiva e reprodutiva
destes animais, exigindo estratégias que atenuem estes efeitos. Baseado nisto esta
dissertacdo teve por objetivo avaliar os efeitos da suplementacdo de metionina
protegida da degradacdo ruminal (MPDR) em alguns parametros fisiol6gicos e
produtivos de vacas Nelore. Foram utilizadas 563 vacas Nelore multiparas, divididas
em dois grupos com trés repeticbes cada, grupo controle (GC) e grupo metionina
(GM), os dois eram mantidos em pastagens de gramineas tropicais, com acesso a
suplementacdo mineral, e o GM tinha acrescido a suplementagéo 3g de MPDR para
cada 100g de suplemento. O periodo de suplementacéo foi de 77 dias, iniciando 31
antes do dia 0 do protocolo de inseminacdao artificial em tempo fixo, até o diagnéstico
de gestacdo. No dia O do protocolo, junto com o dispositivo intravaginal de
progesterona, foi colocado um termb6metro, em 142 animais, que aferiu a
temperatura vaginal a cada 30 minutos durante 8 dias, a taxa de prenhez foi
calculada pelo niumero de vacas prenhes/vacas inseminadas. A suplementacdo com
MPDR néo alterou a taxa de prenhez (GC = 64,83% vs. GM = 60,01%) e causou
uma modulacdo na temperatura interna (mediana GC = 39,63°C vs. GM = 39,38°C)
nos momentos em que houve um aumento da temperatura ambiental. Em
conclusao, 3g de metionina protegida da degradacao ruminal modula a temperatura
interna de vacas Nelore submetidas a ambientes com altas temperaturas e umidade,
mas nao afeta a taxa de prenhez.

Palavras-chave: estresse térmico; termorregulacdo; bovinocultura de corte;
metionina; nutricao.



Abstract

IZQUIERDO, Vinicius de Souza. Strategical supplementation effects with rumen-
protected methionine on physiological and productive parameters of Nelore
cows. 2021. 40p. Dissertation (Master degree in Sciences) — Programa de Pés-
Graduacgdo em Veterinaria, Faculdade de Veterinaria, Universidade Federal de
Pelotas, Pelotas, 2021.

The difficult to control high temperature and humidity index on bovines raised on
pasture can affect the productive and reproductive efficiency of these animals, being
necessary strategies to mitigate these effects. The aim of this dissertation was to
evaluate the effects of rumen-protected methionine (RPM) supplementation on
physiological and productive parameters of Nelore cows. On the study was used 563
multiparous Nelore cows, divided on two groups with three repetitions each, the
control group (CG) and methionine group (MG), both were kept on tropical pastures
with access to mineral supplementation, the MG had added to its supplementation 3g
of RPM to 100g of supplement. The supplementation period was 77 days, 31 before
the dO of the fixed-time artificial insemination (FTAI) protocol, 11 during the protocol,
and 35 until the pregnancy diagnosis. On protocol dO, accoupled to the intravaginal
dispositive of progesterone, was put a datalogger on 142 animals, that measured the
vaginal temperature each 30 minutes for eight days, the pregnancy rate was
calculated by the number of pregnant cows/inseminated cows. The RPM
supplementation did not affect the pregnancy rate (CG = 64.83% vs. MG = 60.01%)
and had modulated the internal temperature (median CG = 39.63°C vs. MG =
39.38°C) in the moments that the environmental temperature increased. In
conclusion, 3g of rumen-protected methionine modulate the internal temperature of
Nelore cows submitted to high temperatures and humidity environments, but do not
affect the pregnancy rate.

Keywords: heat stress; thermoregulation; beef cows; methionine; nutrition.
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1 Introducéo

O rebanho mundial bovino tem previséo de chegar a 1 bilh&o de cabecas no
ano de 2021, sendo o Brasil o segundo pais com o maior numero de cabecas, atras
somente da india, e o maior rebanho comercial com aproximadamente 244 milhdes
de animais no ano de 2020 (USDA, 2021). Entre os estados brasileiros, o estado do
Para é o quarto maior produtor, com estoque de 20,9 milhdes de cabeca, e possui o
primeiro € 0 quinto municipio com maior nimero de animais, Sao Félix do Xingu e
Marabda, com 2,2 e 1,1 milhdes de cabeca, respectivamente (IBGE, 2019). Além do
grande estoque de bovinos, o Brasil € um dos maiores produtores de bezerros do
mundo, com producdo de mais de 51 milhdes de bezerros em 2020, e crescimento
de 2,0%/ano nos ultimos dois anos (USDA, 2021), mostrando a importancia do
sistema de cria dentro da pecuaria nacional.

O sistema de cria possui diversas variaveis que podem influenciar os
resultados esperados, como fatores ambientais, nutricionais, genéticos e sanitarios
(Walsh et al., 2011; S& Filho et al., 2009), e é preciso destacar a importancia das
condicbes climaticas na reproducdo bovina em decorréncia de algumas
caracteristicas desta espécie. Os bovinos sdo classificados como homeotérmicos, o
gue significa que sua temperatura corporal possui uma faixa de variacao pequena, e
alguns dos mecanismos utilizados para a geracao e/ou perda de calor € através de
trocas entre o animal e 0 ambiente. Esta termorregulacdo é prejudicada quando os
animais estdo submetidos a ambientes com altas temperaturas e umidades, através
da diminuicdo da conveccao e evaporacao, podendo resultar em um aumento na
temperatura corpérea dos animais além dos parametros fisiol6gicos, e ocasionar
inUmeras respostas no organismo, o que é classificado como estresse térmico (ET;
Johnson, 2018).

Cada vez mais s@0 necessarias estratégias para amenizar o ET, visto que a
temperatura global esta em constante aumento, sendo o ano de 2019 o segundo
mais quente em que se ha registro, com aproximadamente 1,1°C a mais do que o
periodo pré-industrial (WMO, 2020), este aquecimento possui forte impacto na
reproducéo, tanto de vacas de corte quanto de leite (Hansen and Fuquay, 2020),
através de uma piora na qualidade do odcito, embrido e, por consequéncia,

diminuicao da taxa de prenhez (Amundson et al., 2006).



2 Revisao da Literatura

O estresse é classificado como um evento ou uma condi¢cdo que é capaz de
gerar uma tensao, ou esforco excessivo em um sistema biolégico, por meio de
agentes estressores que possuem variadas naturezas, podendo ser de origem
infecciosa, ambiental ou social (Collier et al., 2017). Os estresses causados pelo
ambiente que mais acometem bovinos sdo 0s estresses térmicos, tanto o causado
pelo frio, quanto pelo calor, sendo o segundo de maior importancia em locais com
clima tropical, como o Brasil, devido a prejuizos causados nos indices produtivos
(Oliveira et al., 2019; Abdelnour et al., 2019).

Quando os animais estdo expostos a agentes estressantes, estes produzem
respostas para se proteger e minimizar os efeitos no organismo, sendo estas
respostas divididas em dois tipos, de acordo com o periodo de exposicao, a resposta
ao estresse térmico agudo, em que 0s animais estdo expostos por um periodo
breve, e resposta ao estresse térmico crbnico, onde o periodo de exposicdo a
situacdes estressantes pode variar de dias até meses (Abdelnour et al., 2019; Miller-
Cushon et al., 2019). Collier et al. (2017) descreve que a principal diferenca entre os
tipos de resposta, é que a resposta aguda € controlada pelo sistema nervoso
autdbnomo, através da liberacdo de glicocorticoides e catecolaminas capazes de
alterar o metabolismo, enquanto a resposta crénica é guiada pelo sistema endécrino,
associado a alteracdes populacionais dos receptores, alterando a sensibilidade dos
tecidos a marcadores homeostaticos, causando um novo estado fisiologico.

Animais sob situacbes de ET, independente se agudo ou cronico, iniciam
variadas respostas celulares e moleculares, e em decorréncia da exposi¢cdo ao
estresse caldrico, ha o inicio de uma superproducdo de metais de transigcdo, através
de um aumento na taxa de ferro liberado da ferritina. O desequilibrio entre prétons e
elétrons acarreta um mal funcionamento da cadeia respiratéria mitocondrial, além de
que, estes metais podem doar elétrons para o oxigénio, formando diversos tipos de

espécies reativas de oxigénio (ERO). A mitocondria é a principal fonte celular de
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ERO, e os principais sdo o superoxido, peréxido de hidrogénio e o peroxinitrito
(Slimen et al., 2015; Abdelnour et al., 2019; Cadenas, 2018).

O aumento das espécies reativas de oxigénio € uma das maneiras que o ET
causa 0 estresse oxidativo, o outro caminho é através da alteracdo da atividade
enzimatica antioxidante. O estresse caldrico causa uma diminuicdo na acdo das
enzimas glutationa peroxidase (GPx) e glutarredoxina (GRX) e na tentativa de
combater o estresse oxidativo h4& um aumento na concentracdo plasmética da
enzima superéxido dismutase (SOD) e do biomarcador malondialdeido (MDA;
Slimen et al., 2015; Abdelnour et al., 2019).

Além da resposta mitocondrial, o0 ET causa alteracdes na resposta celular,
através da modulacdo das reacbes metabdlicas, alteracdes na fluidez e estabilidade
de membrana, ativando, ainda, os mecanismos de necrose e apoptose celular
(Slimen et al., 2015; Abdelnour et al., 2019). Em resposta aos danos celulares o
organismo inicia a producdo das proteinas do choque térmico (HSP), que séo
proteinas sintetizadas intracelularmente, e possuem o objetivo de tentar inibir a
agregacdo de células e proteinas desnaturadas. As HSPs sédo classificadas de
acordo com os seus pesos moleculares, sendo a HSP70 e a HSP90, as duas
proteinas mais produzidas e com maiores respostas frente ao estresse calorico
(Hooper et al., 2018; Pires et al., 2019).

Quando h& elevacdo da temperatura corporal diversas fungbes ficam
comprometidas, principalmente quando se trata da reprodugdo, em que a
hipertermia dos testiculos e do ambiente em que os odécitos se encontram, pode
causar prejuizos aos gametas masculinos e/ou femininos (Hansen, 2004). Buscando
reverter esta hipertermia, o organismo aumenta a expressao destas HSPs, pois além
da protecédo celular, estas sdo capazes de auxiliar na diminuicdo da temperatura
corporal, através do aumento da frequéncia respiratdria e por isSso manter a ingestao
de alimentos adequada (Abdelnour et al., 2019). Devido a capacidade citoprotetora e
termorregulatoria, a HSP70 estd sendo estudada e apontada como um potencial
marcador genético para a termorresisténcia (Hassan et al., 2019).

Em decorréncia destas alteracdes celulares e moleculares, 0 metabolismo
dos bovinos sofre diferentes impactos do estresse cal6rico, ocorrendo uma
diminuicdo da ingesta de alimento e alteracdo no comportamento alimentar (Miller-
Cushon et al., 2019), ha diminuicdo na quantidade e qualidade do leite (Guo et al.,

2018), alteragbes na qualidade de carcaca (Zhang et al., 2020), diminuicdo na taxa
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de prenhez de vacas leiteiras (Cook et al., 2007) e de corte (Amundson et al., 2006),
e quando o ET acomete vacas prenhes ha alteracdes na performance e imunidade
da progénie futura (Dahl et al., 2016; Rhoads 2020).

Na tentativa de excluir os efeitos decorrentes da reducéo da ingesta alimentar
causada pelo estresse térmico, foram realizados diversos estudos alimentando os
animais em pares, onde 0s animais em situacées termoneutras ingeriram a mesma
guantidade de alimento que os animais em ET. Em um estudo realizado por
Baumgard e Rhoads (2013) foi possivel observar que animais em estresse caldrico
reduziram a producdo de leite, e isto ocorreu em decorréncia de uma menor
lipomobilizacdo apds a reducédo alimentar, pois estes animais ao invés de utilizarem
acidos graxos nao esterificados como fonte de energia, utilizaram tecido muscular
através do fornecimento de aminoacidos. Em um estudo de Koch et al. (2019) foi
observado que o0 estresse térmico também causa diminuicdo na integridade da
membrana intestinal de bovinos, causando um acumulo de células de defesa no
intestino delgado destes animais.

Em relagéo a reproducdo, o ET diminui a quantidade de animais com ciclo
estral de 21 dias, tornando-o0 mais curto, e estes apresentam maiores taxas de co-
dominancia folicular (Torres-Junior et al., 2008), além de diminuir a duragcdo e
expressdo do cio, aumentando o risco de ndo observacdo para 80% (Hansen &
Fuquay, 2020). O macho também sofre com os efeitos do estresse caldrico, através
de alteragbes na cromatina, diminuicdo da concentracdo e motilidade espermatica
(Rahman et al., 2018; Hansen & Fuquay, 2020) e diminuicdo na quantidade de
antioxidantes no plasma seminal, sendo 0s touros jovens mais suscetiveis ao ET
guando comparados com animais mais velhos (Morrel, 2020). As altas temperaturas
no momento da ovulacdo e implantacdo do embrido também séo prejudiciais, visto
qgue o resfriamento do foliculo préximo a ovulagcédo possui correlagdo positiva com o
potencial de prenhez (L6épez-Gatius & Hunter, 2020), e que vacas leiteiras expostas
ao ET chegam a ter a taxa de concepc¢ao ao primeiro servico menor que 10%, com o
desenvolvimento embrionario os efeitos vao diminuindo, pois o embrido adquire
resisténcia ao estresse caldrico a partir do estagio de mérula (Hansen & Fuquay,
2020).

A inseminagao artificial em tempo fixo (IATF) é uma das biotécnicas
reprodutivas mais utilizadas mundialmente, e 0 nimero de animais submetidos vem

crescendo anualmente no Brasil (Sartori et al.,, 2016). A IATF é uma estratégia
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comprovada para melhorar os ganhos genéticos, melhorar a eficiéncia reprodutiva
de rebanhos de corte, diminuir o0 manejo, visto que ndo ha necessidade de
observacédo de cio, além de concentrar a paricdo e o desmame dos bezerros
(Baruselli et al., 2017). A biotécnica ocorre geralmente nos periodos com incidéncia
de temperaturas elevadas, pois é o periodo em que ha uma maior oferta de
pastagens (Pessoa et al., 2018). Pensando em manter os beneficios citados, e em
amenizar 0s prejuizos causados pelo estresse térmico, € necessario o uso de
estratégias para mitigar os efeitos do ET em vacas de corte, principalmente nas
submetidas a IATF.

A utilizacdo de estratégias para atenuar os efeitos do estresse caldrico pode
ocorrer de varias formas, sendo elas através do manejo, instalacées ou estratégias
nutricionais. A radiacdo solar direta é prejudicial aos animais, e pode ser facilmente
amenizada através da utilizacdo de sombras, de forma natural como a utilizacao de
arvores, ou artificial, através da construcao de sombrites, sempre preconizando pelo
fornecimento de area sombreada correto para que ndo haja disputa entre os animais
(Brown-Brandl et al., 2005; Renaudeau et al., 2011; Oliveira et al., 2019; Edwards-
Callaway et al., 2020). O uso de estratégias nutricionais para mitigar os efeitos do
ET vem crescendo nos ultimos anos, Colombo et al. (2019) mostraram que o uso de
um alimento imunomodulatério para bovinos em terminacéo foi capaz de diminuir a
temperatura vaginal, apesar de ndo mostrar resposta nas variaveis produtivas. Em
um estudo realizado por Dominguez et al. (2020) a suplementagcdo com metionina
protegida da degradacdo ruminal (MPDR) causou uma diminuicdo da temperatura
vaginal nos periodos com altos valores do indice de temperatura e umidade (ITU),
com o0s animais suplementados possuindo maior ganho médio diario e uma
tendéncia a terem foliculos maiores que os animais ndo suplementados.

O uso de metionina em outras espécies como uma estratégia para atenuar o
ET & amplamente utilizado, em codornas em situacdo de estresse caldrico a
suplementacdo com metionina causou uma diminuicdo da expressdo da proteina
desacopladora 1 (UCP1; Del Vesco et al., 2014), assim como em frangos de corte a
sua suplementagao elevou a expressao da glutationa sintetase (Del Vesco et al.,
2015). Hasek et al. (2010) observou que em ratos em situagcéo de restricdo dietética
de metionina, houve um aumento na expressédo de UCP 1, das taxas de respiracao

celular, e por consequéncia um aumento da temperatura corporal.
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A MPDR em bovinos leiteiros ja tem o seu uso comprovado, com melhoras na
producado de leite (Vyas & Erdman, 2009), diminuicdo da inflamacéo e do estresse
oxidativo (Batistel et al., 2018) e manutencdo dos niveis de proteina e gordura do
leite em condicdes de estresse (Pate et al., 2020). Em bovinos de corte a utilizagao
de MPDR vem sendo estudada, sendo avaliado o seu uso em situacfes de estresse,
como o condicionamento dos animais pré transporte, mostrando que a sua
suplementacao afeta a producéo de ERO, e aumenta a metilacdo do DNA (Alfaro et
al., 2020), Lopes et al. (2019) verificou que a suplementacdo de MPDR néo afeta a
resposta humoral entre novilhas vacinadas, e Dominguez et al. (2020) avaliou a
suplementacao sob os parametros reprodutivos de novilhas Brangus.

O estresse caldrico causa perdas financeiras significativas, no ano de 2003
St-Pierre et al. estimaram que o ET causou um prejuizo de mais de U$370 milhdes
na industria da carne, somente nos Estados Unidos da América. Embora o ET cause
prejuizos econdmicos, ha a necessidade de verificar como o investimento com a
tecnologia escolhida pode ser retornado para o produtor. Pensando nisto foi
realizado um célculo de retorno de investimento da suplementacdo com MPDR
(Smartamine® M, Adisseo, Antony, Franca), com a dose diaria de 3g/vaca, em um
periodo de suplementacdo de 77 dias, 31 antes do protocolo de IATF, 11 durante o
protocolo e 35 entre a inseminacéo e o diagndstico de gestacdo, em um exemplo
para um rebanho com 100 vacas de cria, utilizando a cotacdo do CEPEA (2021), do
dia 15 de janeiro de 2021 para padronizar os valores de bezerro, em délares, e peso
médio bezerro, em Kg, para o estado do Mato Grosso do Sul.

O custo da suplementacdo por vaca/dia € de U$0,045, com um total de
U$4,50 para o rebanho/dia e U$346,50 para o rebanho durante todo o periodo de
suplementacdo. Considerando o peso corporal a desmama de 205,17Kg, o valor por
Kg de bezerro é U$2,39, e 0 bezerro custa U$490,74, sendo necessério 0,71% a
mais de bezerros nascidos para que a suplementacdo com Smartamine® tenha os
seus custos igualados a receita, e a partir disto aumentar o retorno para 0s

produtores.
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ABSTRACT

The adverse impacts of global climate on livestock production systems require the
implementation of mitigating strategies. The aim of this study was to evaluate the
effects of dietary supplementation of rumen-protected methionine (RPM) on the body
temperature and conception rate of Nelore cows exposed to high temperature and
humidity index (THI) values. A total of 563 multiparous Nelore cows were divided in
two treatments, with three replicates each, the control group (CG) and methionine
group (MG). Both groups were kept on tropical pastures and received a mineral
supplement. The MG group was supplemented with 3 g RPM/100g of supplement for
77 days. On FTAl protocol dO, a datalogger was coupled to the intravaginal
progesterone device of 142 animals to record vaginal temperature every 30 minutes
for eight days. Conception rate was calculated as the number of pregnant
cows/inseminated cows. RPM supplementation did not affect the conception rate (CG
= 64.36% vs. MG = 58.19%, P>0.05), but MG cows had lower vaginal temperature
compared with CG cows (median CG = 39.639C vs. MG = 39.382C, P<0.0001) in
moments with high THI values. In conclusion, the supplementation of rumen-protected
methionine modulates the internal body temperature and changes the critical THI
threshold of Nelore cows submitted to high-THI environments, but does not affect
conception rate.

1. Introduction

The global temperature has continuously increased in the last decades. In 2019 the
global average temperature was 1.12 C higher than during the pre-industrial period,
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and the second warmest year on record (WMO, 2020). Livestock directly suffer the
impacts of global warming, causing heat stress (HS) in particular. Heat stress negatively
affects milk vyield, worse meat quality, both male and female reproductive
performance, as well as physiological functions (Less et al., 2019; Zhangh et al., 2020;
Guo et al., 2018; Rahman et al., 2018. Lépez-Gatius and Hunter, 2020).

Nelore cattle and its crosses account for almost 80% of the Brazilian herd (Carvalho et
al., 2014). Their thermoregulatory mechanisms and cell resistance to high
temperatures (Hansen, 2004) are required for the production of grazing beef cattle in
tropical regions, where HS imposes a significant limitation for cattle production in this
environment (Oliveira et al., 2019).

During the last few decades, the parameters used to measure HS in the environment
and in animals include the temperature-humidity index (THI), respiratory and heart
rate monitoring, and internal body temperature (IT) control (Dikmen and Hansen,
2009; Kaufman et al.,, 2018; Ji et al., 2020). These tools aids producers in making
decisions as to the strategic timing and actions to mitigate HS, such as providing
shaded areas for cattle grazing on pastures or in feedlots (Grandin, 2016; Van Laer et
al., 2014). Nutritional strategies, including the dietary supplementation of vitamin E,
methionine, and betaine, are also applied to alleviate HS effects, thereby improving
cattle production and reproduction performance (Zhang et al., 2020; Negrén-Pérez, et
al., 2019).

Methionine (MET) is an essential amino acid, that is, it is not produce endogenously,
and therefore, must be supplied by the diet. Studies in rats submitted to dietary
methionine restriction showed several metabolic changes, such as increases in body
temperature, cell respiration rate, and expression of the uncoupling protein 1 (UCP 1;
Patil et al., 2015; Hasek et al., 2010).

The benefits of rumen-protected methionine (RPM) were proven in dairy cows by the
increase in milk yield and quality (Vyas and Erdman, 2009). In beef cows, RPM lowered
IT and increased BW and follicle size of Brangus heifers (Dominguez et al., 2020), and
reduced stress during transportation (Alfaro et al., 2020). Studies have also shown that
the supplementation of beef cow diets with a methionine hydroxy analogue increased
pre-weaning growth (Palmer et al., 2020) and changed muscle gene expression (Liu et
al., 2020) of their offspring.

The aim of this study was to evaluate the effects of the supplementation with rumen-
protected methionine on the vaginal temperature and conception rates of Nelore cows
exposed to high THI values.

2. Material and methods

The experiment was conducted on a commercial beef farm, located in Sdo Domingos
do Araguaia, PA, Brazil (52 31’ 39” S, 482 49’ 18” W), between November 2019 and
March 2020.
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All animals were cared according to experimental protocols approved by Animal
Experimentation Ethics Committee of the Federal University of Pelotas (UFPEL), under
protocol number 5069.

2.1 Animals and supplementation

On d-31 before dO of the fixed-time artificial insemination (FTAI) protocol, 562
multiparous lactating Nelore (Bos indicus) cows were stratified according to their post-
partum days (PPD) into two treatments in three different moments, the first replicate
started in November, the second in December and the third in January, and then
distributed in different paddocks of cultivated tropical pastures (Brachiaria
decumbens, Brachiaria humidicola, and Panicum maximum), and were offered a
mineral salt supplement ad libitum at an expected supplement intake of
100g/head/day on both groups.

The paddocks were distributed on all the farm fields and they had different sizes, with
an average of 31.12+10.47 hectare of size. The days that each replicate was kept in
each paddock were according to the farm management, with an average of 17.77+7.94
days.

Cows randomly assigned to two treatments, with three replicates each. The Control
Group (CG; n= 275) received the mineral salt with no methionine, whereas in the
Methionine Group (MG; n= 287), the mineral salt was supplemented with rumen-
protected methionine (Smartamine® M, Adisseo, Antony, France) at the dose 3g RPM/
100g of mineral salt. Smartamine® M contains 75% DL-Met, which is physically
protected by a pH-sensitive coating, and 80% Met bioavailability (Ordway et al., 2009).
Therefore, the MG cows were supplemented with 1.8g metabolizable MET for each 3g
of Smartamine®.

The supplement was provided twice weekly. Before the supplement was distributed,
supplement residues in the feeder were weighed, and 5-g sample of the residue was
collected and analyzed for dry matter (DM) content for the calculation of daily
supplement intake. Average daily supplement intake is shown in Table 1.

Cows were supplemented until d46, when pregnancy diagnosis was made, totaling 77
days of supplementation, that is, cows were supplemented for 31d before the FTAI
protocol, 11d during the FTAI, and 35d between FTAI and pregnancy diagnosis. The
distribution of animals among the repetitions were the following: CG1 n=85, MG1 n=
100; CG2 n=97, MG2 n=100; CG3 n= 93, MG3 n= 87.

2.2 Forage allowance

Forage allowance was evaluated on the day the cows were introduced in each
paddock. The double sampling method of NRPH (2003) was used to applied estimate
forage mass and the results were expressed in kilograms DM/hectare (kg DM/ha).
Forage allowance per animal unit (AU)per day was calculated as total forage mass
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divided by the number of AU and number of days the cows grazed in each paddock.
The results are expressed in kg DM*AU*/d and shown in Table 1.

2.3 Environmental parameters

Environmental temperature (ET; °C) and relative humidity (RH; %) data were collected
every 30 minutes using a datalogger (Hygrochron® DS 1923; lbutton®, Thermochron,
Whitewater, USA), with £0.5°C accuracy in the range of -10°C to +65°C, and RH range
of 0-100%. The datalogger was placed near the experimental areas.

Temperature-humidity index (THI) was calculated according to the equation described
by Dikmen and Hansen (2009):

THI= (1.8 * ET + 32) - [(0.55 — 0.0055 * RH) * (1.8 * ET - 26)].
2.4 FTAI protocol and pregnancy diagnosis

All cows were submitted to an identical FTAI protocol and managed as a single group.
Cows received 2.00 mg estradiol benzoate IM (Gonadiol®; Zoetis; S30 Paulo, Brazil) and
an intravaginal implant with 1.90 mg progesterone (CIDR®; Zoetis; S30 Paulo, Brazil) on
dO. Nine days later (d9), after implant withdrawal, cows were injected by IM route with
0.48 mg cloprostenol sodium (Estron®; Agener Unido; S30 Paulo, Brazil), 300 IU equine
chorionic gonadotropin (Novormon®; Zoetis; S30 Paulo, Brazil), and 1.0 mg estradiol
cypionate (E.C.P.%; Zoetis; S3o Paulo, Brazil).

Artificial insemination was performed on d11 by a single inseminator. Semen was
randomly distributed among to the cows according to the farm’s management.
Pregnancy diagnosis was performed 35 days after Al (d46) by ultrasound (DP-2200
Vet®; Mindray; Shenzhen, China) to calculate conception rates.

2.5 Body weight and body condition score

At the three replicates, all the cows were weighed on dO, and their BW used to
calculate animal load at each paddock, expressed in AU/ha. Body condition score (BCS)
was evaluated by a trained person on dO, using a 1-5 scale, where 1 is very lean and 5
is very fat (Lowman et al., 1973). Body weight and BCS distribution of the experimental
cows evaluated on dO is shown in Table 2.

2.6 Vaginal temperature

Between d0 and d9 of the FTAI protocol, cows remained with the progesterone device,
to which a datalogger (Thermochron® DS 1921H, lbutton®, Thermochron, Whitewater,
USA) was attached to monitor vaginal temperature (VT) every 30 min, totaling 48
readings/d. The first and the last day (dO and d9) were removed from the analyses as
cow handling may have influenced temperature readings. Therefore, VT was
monitored for a total of 8 days, and 384 readings/cow were obtained. VT was
measured in 142 cows (34 of CG1, 29 of MG1, 8 of CG2, 21 of MG2, 26 of CG3, and 24
of MG3). In total, 54,528 VT records were obtained in all the three replicates of each
treatment.
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Vaginal temperatures were classified as thermal stress (TS) when >39.32C and as
physiological temperatures (PT) when <39.32C, according to Du Preez (2000) and then
based on that calculated the critical THI threshold per day.

2.7 Shade measurements

Shade area was calculated based on treetop area measurements using a program that
shows a satellite view of the pastures (Auravant®, Buenos Aires, Argentina). All treetop
areas were measured per paddock, and the results are expressed in m?/AU.

2.8 Statistical analyses

Data was analyzed according to completely randomized design with two treatments
(CG vs. MG), three replicates (Repl, Rep2 and Rep3), and the individual was as
experimental unit.

The statistical analyses were performed using the JMP 15 software (SAS Institute Inc.
Cary, NC, USA). All variables were tested for normality by the Shapiro-Wilk test, except
for temperature variables, which were submitted to the Anderson-Darling test due to
sample size. Conception rates were analyzed by the Chi-square test. Treetop area was
evaluated by two-way analysis of variance (ANOVA) without replication.

Vaginal temperature results were submitted to the non-parametric Kruskal Wallis test
to determine if the distribution of the samples is similar, Mann-Whitney test to
determine VT frequency score is equal between groups, and independent-samples
median test to verify if the median is equal between treatments. To evaluate if cows
with TS vaginal temperature (>39.32C; Du Preez, 2000) could be discriminated as a
function of THI, Receiver Operating Characteristics (ROC) plots were built, and the area
under the curve (AUC) was calculated for each day, at 5% of significance level to
determine the critical THI threshold for each group per replicate per day.

3. Results

Minimum, average, maximum THI values recorded per replicate are shown in Table 1.
The highest and lowest THI values were obtained in Rep3 (72.76 and 83.28,
respectively). The treetop area did not differ between the paddocks (P>0.05; Table 1).
The daily incidence of rain is shown in Table 3.

According to independent-sample median test, lower median VT was determined in
MG1 compared with CG1 (P=0.015), and in MG2 and MG3 compared with CG2 and
CG3, respectively (P>0.0001). Both in the Mann-Whitney and in the Kruskal-Wallis
tests, MG ranked lower than CG in all replicates (P<0.0001).

Considering that each replicate presented different environmental conditions, ROC
curves were realized per replicate per day.

Replicate 1

Higher critical THI thresholds were observed on d3 and d8, and lower on d1 in MG
compared with CG, whereas there were no THI threshold differences between
treatments on the other days evaluated (Table 3). As a result of THI thresholds
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differences on d1, d3, and d8, MG cows were exposed longer to THI above their critical
threshold on d1, and CG cows on d3 and 8.

The number of CG cows with VT indicative of heat stress (>39.32C) was higher
compared with that of the MG cows (Figure 1) on six out of the eight days evaluated.
Moreover, 100% of CG cows showed VT >39.32C on d3 and d4, whereas this
proportion was not reached in MG cows in any of days.

Replicate 2

Higher critical THI thresholds were observed on d1, d3, and d7, and lower on d2, d4,
d5, and d8 in MG compared with CG, whereas no differences were detected on d6
(Table 3). MG cows were exposed longer to THI above their critical thresholds on d2,
d4, d5, and d8, and lower on d1, d3 and d7 than CG cows.

Compared with the CG, the number of MG cows with VT >39.32C was lower during the
evaluated days, except for d2, which was higher than CG (Figure 2).

Replicate 3

Higher critical THI threshold values were calculated for MG than for CG on d1 and d8,
and for CG compared with MG on d3 and d4, while no differences were observed on
d2, d5, d6, and d7 (Table 3). MG was exposed longer to THI above the threshold ond 3
and d4 and CG on d1 and d8.

A higher percentage of MG cows with VT >39.32C was recorded on d5 and d6
compared with CG, representing differences of 0.17% and 0.58%, respectively,
whereas on the other days evaluated, the opposite was observed (Figure 3).

No conception rate (Table 4) differences were detected between treatments or among
replicates (P>0.05).

Discussion

Supplement intake results showed that the intake of 3g of Smartamine®/head/d was
ensured for MG cows. Considering that Smartamine® contains 76% DL-methionine, and
that 80% of DL-methionine is absorbable (Ordway et al., 2009), MG cows possibly
absorbed at least 1.8g MET in the small intestine.

The efficiency of maintaining constant body temperature in cattle is influenced by
environmental temperature and humidity changes. Cattle lose body heat primarily by
evaporation, and in high-THI environments, this mechanism is not highly effective,
increasing heat load, which results in heat stress (Almeida et al., 2020). The THI values
obtained in the present experiment indicate the cows were under moderate to high
HS. Studies demonstrated that pregnancy rate is reduced when Nelore cows as
exposed when THI>75.7 (Cordeiro et al., 2019) and when Bos taurus beef cows are
maintained at THI>73 (Amundson et al., 2006). Our study showed that, the THI
threshold value for vaginal temperature of Nelore cows is higher, with values higher
than 80 in some days, than those mentioned in studies on pregnancy rate.
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Lower VT was recorded in the MG cows, as preciously determined by Dominguez et al.
(2020) in Brangus heifers fed 4g RPM. This result may be explained by the regulation of
thermogenin (UCP-1), a thermogenic protein, by methionine. Rats fed a methionine-
restricted diet showed higher UCP-1 expression and higher body temperature than
those not submitted to methionine restriction (Hasek et al., 2010).

In the present study, only in 20.83% of the days the MG had greater number of VT
records over PT than CG, and in 29.17% of the days the MG had a greater number of
cows with VT over PT, demonstrating that RPM effectively controlled VT in cows in HS
environments.

Shade is an important tool to mitigate HS effects, and different shade types affect
cattle internal body temperature (Oliveira et al., 2019). Shade influences physiological
parameters, such body core temperature and respiration rate of unshaded animals
exposed to THI values 278 (Brown-Brandl et al., 2005). Although treetop area was not
statistically different among paddocks, it was numerically larger in CG1, CG2 and MG3
compared with MG1, MG2 and CG3, respectively, which may have reduced the heat
challenge on those cows. The measured treetop area was larger than the minimum
recommended for grazing cattle, Armstrong (1994) determined at least 5.6m?/cows
reared in hot and wet environments, while Van Laer et al. (2014) recommended
3.28m? of lying space at shade for 700-kg beef cows. It should be mentioned, however,
that shade is more effective to mitigate heat stress in environments with high
temperature and low humidity than when both temperature and humidity are high
(Renaudeau et al., 2011), such as the conditions of our experiment.

We expected pregnancy rate improvement with RPM supplementation because
previous studies from our group showed that Brangus heifers supplemented with RPM
had larger follicles those not supplemented (Dominguez et al., 2020), and Toledo et al.
(2017) observed that feeding RPM increased embryo diameter and volume in
multiparous Holstein cows. One of the factors that may explain the lack of pregnancy
rate differences between treatments was the high number cows with low BCS on dO of
the FTAI protocol, which was < 2.5 in more than 35% of the cows of all replicates.
Pfeifer et al. (2017) mentioned that cows with moderate to good BCS (2.75 < BCS <
4.25) tend to be more fertile than those outside this interval. In addition, D’Occhio et
al. (2018) verified that, compared with cows with 3.0-3.5 BCS, those with 2.0-2.5 BCS
have lower insulin and glucose blood levels, which have a direct impact on cow
reproduction.

Conclusion

The supplementation of 3 g of rumen-protected methionine modulates the body
temperature and changes the critical THI threshold of Nelore cows submitted to high-
THI environments, but does affect pregnancy rate.
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Table 1. Supplement intake, forage allowance, treetop area and minimum, average, and maximum THI of the control
group and the methionine group during the three repetitions
Supplement  Forage mass
Replicate Group intake (kg
(g/head/d) DM/AU/d)

Forage allowance Trae:e:aop Minimum Average Maximum
(kg DM)/ha (m?/AU) THI THI THI

CG 91.18 +8.70 96.02 +16.49 3453.93 +1309.58 397.38
1 74.73 78.12 82.98
MG 99.45 £8.25 64.29 £23.33 3043.33 +1242.82 99.32

CG 11498 £8.47 45.80 £20.20 3433.90 +1634.65 371.03
2 74.14 78.29 82.68
MG 98.53 +8.70 59.30 +16.49 3098.27 +1846.28 110.53

CG 101.21 #11.13 58.94 £20.20 2545.90 +374.63 184.33
3 72.76 77.73 83.28
MG 108.84 +11.13 51.00 +23.33 2327.33 1425.18 345.14

Note. Values expressed as means * SD. Different letters in the same column indicate statistical difference (p <0.05)

Table 2. Body weight and body condition score distribution of CG and MG cows determined on dO.

Body condition score (%)

Replicate Group Body weight (kg)

15 2.0 2.5 3.0 3.5 4.0 4.5 5.0

1 CG 432.61 +27.46 - 10.59 30.59 45.88 8.24 4.70 - -
MG 437.59 +19.59 - 10.00 36.00 39.00 13.00 2.00 - -

5 CG 448.70 +18.86 - 6.19 39.18 41.24 8.25 5.14 - -
MG 439.36 +11.04 1.00 12.00 38.00 42.00 7.00 - - -

3 CG 441.69 +21.35 - 10.75 30.11 41.94 13.97 3.23 - -
MG 462.16 +23.16 - 2.30 33.33 44.83 13.79 4.60 - 1.15

Note. Body weight values expressed as means + SD. BCS expressed as % of the total number of cows per replicate



Table 3. Daily rainfall level, THI thresholds, and sensitivity and specificity of ROC curves of the control and

methionine groups during the days of the replicates.
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CG MG
Replicate Day Rainfall THI Threshold THI Threshold
(%Sensitivity/%Specificity) (%Sensitivity/%Specificity)
1 1 - 80.67 (73.48/80.80) 80.14 (62.11/65.72)
1 2 10mm 78.17 (51.67/82.97) 78.17 (41.32/80.96)
1 3 - 78.40 (99.25/66.97) 79.71 (68.02/66.55)
1 4 - 80.48 (87.03/71.06) 80.48 (83.50/65.35)
1 5 6mm 79.32 (76.38/82.33) 79.32 (47.62/75.74)
1 6 - 78.11 (86.38/68.57) 78.11 (78.77/65.01)
1 7 6mm 75.17 (92.11/25.86) 75.17 (93.68/26.37)
1 8 12mm 75.97 (84.85/57.71) 77.75 (31.58/84.19)
2 1 9mm 76.12 (83.46/49.33) 76.28 (96.04/57.74)
2 2 - 79.78 (66.10/73.95) 79.65 (59.04/70.97)
2 3 - 78.94 (72.24/70.99) 79.26 (70.30/74.32)
2 4 - 80.28 (74.77/75.84) 79.78 (81.17/67.57)
2 5 - 80.28 (61.96/68.78) 80.21 (70.37/61.97)
2 6 45mm 79.65 (71.17/68.76) 79.65 (85.23/66.34)
2 7 - 76.66 (82.64/40.83) 79.65 (85.23/66.34)
2 8 30mm 77.33 (51.82/66.43) 76.77 (77.95/49.46)
3 1 - 79.19 (64.77/74.11) 79.25 (51.09/70.47)
3 2 72mm 77.14 (85.00/54.13) 77.14 (91.26/51.76)
3 3 22mm 76.02 (90.91/52.25) 75.87 (90.10/42.44)
3 4 - 80.28 (57.27/85.97) 77.28 (98.15/41.19)
3 5 20mm 76.93 (85.71/45.48) 76.93 (83.33/45.40)
3 6 - 76.77 (83.13/53.20) 76.77 (66.67/51.62)
3 7 9mm 77.39 (83.95/56.50) 77.39 (83.87/54.24)
3 8 11mm 79.58 (62.82/75.91) 80.75 (27.78/90.44)




Table 4. Conception rates determined 35 days after the artificial insemination of the control group
and methionine group during the three replicates

Repetition 1 2 3

Group CG MG CG MG CG MG

63.53% 55.00% 61.86% 53.00% 67.74% 67.82%
Pregnancy Rate

(54/85) (55/100) (60/97) (53/100) (63/93) (59/87)

Note. Values expressed as percentage. Different letter in a line indicates statistical difference
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Figure 1. Percentage of internal temperatures records from control and
methionine group over 39.3°C (replicate 1).
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Figure 2. Percentage of internal temperatures records from control and
methionine group over 39.3°C (replicate 2).
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4 Consideracdes Finais

O uso da metionina protegida da degradacdo ruminal € uma importante
alternativa para atenuar os efeitos causados pelo estresse térmico, através da
reducdo da temperatura interna nos momentos de desafio. Apesar desta modulagéo
da temperatura vaginal, ndo houve alteragdo nos parametros produtivos avaliados,
sendo necessarios mais estudos para entender melhor o mecanismo de acdo da

metionina em ruminantes, e seus possiveis efeitos na performance dos animais.
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