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RESUMO

Neste trabalho o principal objetivo foi avaliar em ambiente tropical os efeitos de
trés sistemas destinados a promocéo da reducdo do estresse térmico de vacas lactantes e
novilhas puberes de diferentes racas criadas a pasto, sobre parametros fisioldgicos,
comportamentais, sanguineos, hormonais, reprodutivos e metabodlicos. O trabalho foi
desenvolvido na Fazenda Experimental de Iguatemi (FEI/UEM) durante os meses de
outubro e novembro de 2018. Foram utilizados doze animais, sendo 3 vacas lactantes da
raca Holandés, 3 novilhas puberes da raga Holandés, 3 vacas lactantes da raca Jersey e 3
novilhas puberes da raca Jersey. Os animais foram distribuidos em 4 quadrados-latinos 3
x 3 em esquema fatorial 3 X 2 x 2 durante 3 periodos. Os tratamentos testados foram:
aspersdo + sombrite (Tasp), chuveiro + sombrite (Tchu) e sombrite (Tsom). O objetivo
do artigo I, foi avaliar a influéncia dos sistemas destinados a promocéo da reducéo do
estresse térmico sobre parametros preferenciais, fisioldgicos e comportamentais dos
animais. Para isso foram avaliados: frequéncia respiratdria; temperatura de pelame;
frequéncia e duracgdo de utilizacdo dos sistemas; comportamento (6cio deitado, 6cio em
pé, ruminacdo, grooming e pastando); e dados climaticos (temperatura do ar, umidade
relativa do ar, e indice de temperatura e umidade). Os pardmetros comportamentais de
ocio em pé e pastejo foram influenciados pelos tratamentos. O padréo racial influenciou
0s comportamentos de 6cio deitada, ruminagdo e grooming. O tempo e a frequéncia de
utilizacdo dos sistemas sofreram efeito para tratamento e grupo etario. As analises de
regressdo apresentaram correlacdes positivas e significativas para frequéncia respiratéria
e temperatura de pelame em relacdo ao ITU sobre os tratamentos. Os resultados deste
estudo indicam que variaveis etarias e raciais influenciam as variaveis analisadas e que
0s sistemas que utilizaram &gua (aspersdo e chuveiro) proporcionaram melhores
parametros comportamentais e fisiol0gicos aos animais do que apenas o uso do sombrite.

No artigo Il o objetivo do trabalho foi analisar a influéncia dos sistemas redutores de
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estresse térmico sobre os parametros fisioldgicos, produtivos e reprodutivos dos animais.
Para isso foram avaliados dados climaticos (temperatura do ar, umidade relativa, radiagdo
solar, velocidade do vento e temperatura de globo e ICT); parametros fisioldgicos
(frequéncia respiratoria, temperatura de pelame a temperatura retal); parametros
reprodutivos (numero de o0citos e produgdo embrionaria), parametros leiteiros
(producdo, gordura, proteina, lactose, solidos totais e contagem de células somaticas
(CCS). O periodo do dia (manha e tarde) influenciou os valores de frequéncia respiratoria,
temperatura de pelame e temperatura retal. As ragas, 0 grupo etario e as interacdes
analisadas ndo influenciaram valores de frequéncia respiratéria e temperatura de pelame.
Os tratamentos influenciaram os valores de frequéncia respiratoria e temperatura de
pelame. A Temperatura retal foi diferente entre vacas e novilhas. Houve efeito dos
tratamentos sobre a quantidade de odcitos totais aspirados e a quantidade de odcitos
viaveis. Nao foram encontradas diferencas significativas para raca, grupo etario, e para a
interacdo entre tratamento x grupo etario sobre os aspectos reprodutivos analisados.
Houve interacdo entre sistemas e racas sobre a eclosdo. Ndo houve efeito da interacao
entre tratamento e raca sobre a producéo leiteira. Nao foi verificada significancia para a
producdo de leite, seus componentes e CCS nos diferentes tratamentos. Houve efeito da
raca sobre a producdo, gordura, proteina, sélidos totais e CCS. Os resultados permitem
concluir que os tratamentos de aspersao + sombrite e chuveiros + sombrite
proporcionaram melhores parametros de frequéncia respiratoria e temperatura de pelame,
porém, todos os sistemas foram eficientes na manutencao da temperatura retal, e que, a
utilizacdo desses recursos associados a producdo in vitro de embriGes € uma estratégia a
ser considerada para maior sucesso do setor. O artigo 11 testou a influéncia dos sistemas
redutores de estresse térmico a pasto sobre biomarcadores hormonais (T3, T4 e cortisol),
minerais (Na* K*, CI"), sanguineos e lipidicos. Em todos os periodos experimentais foram
realizadas coletas de sangue, por puncdo da veia coccigea para as futuras analises. Os
tratamentos e o grupo etério influenciaram nos teores de T3 Houve interacéo significativa
dos sistemas para a raga e grupo etario sobre os teores de T3, Os tratamentos, a raca, o
grupo etério e as interacGes tratamento X raca e tratamento X grupo etario nédo
influenciaram nos teores hormonais de T4 e cortisol. Ndo houve efeito dos tratamentos,
grupos etarios e interagdes, sobre os teores de Na*, K e CI. Houve efeito da raca sobre os
niveis de Na* e K*. Os aspectos sanguineos analisados ndo foram influenciados pelo
grupo etario e pela interacdo tratamento x raca. Houve efeito da raca sobre os teores de

hemoglobina, hematocrito e volume corpuscular médio. Os niveis de glicose, colesterol
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total, HDL, TG e ureia ndo foram alterados em funcéo dos tratamentos. O grupo etério
influenciou nos valores de glicose, colesterol, HDL, triglicerideos e ureia. Houve
interacdo significativa dos sistemas para a raca sobre os teores de ureia. Conclui-se assim,
que os diferentes sistemas redutores de estresse térmico testados nédo influenciaram os
biomarcadores séricos analisados. As variacGes ocorridas foram resultantes do padrdo
racial e dos grupos etérios analisados Como concluséo geral, observou-se que a maior
parte dos resultados séo ineditos, e mostram que a utilizagdo de meios que mitiguem o
estrese téermico de animais criados a pasto em paises de clima tropical e subtropical €
necessaria. Sendo a utilizagdo de chuveiros e aspersores 0s sistemas que proporcionaram

os melhores pardmetros fisioldgicos, comportamentais e reprodutivos.

Palavras-chave: estresse térmico, producdo de leite, reproducédo, sistema extensivo,

pasto
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ABSTRACT

In this work, the main objective was to evaluate in a tropical environmental the
effects of three systems destined to promote the thermal stress reduction of lactating cows
and pubescent heifers from different breeds raised on pasture, on physiological,
behavioral, blood, hormonal, reproductive and metabolic parameters. The experiment
was carried out at the Iguatemi Experimental Farm (FEI/UEM) during October and
November 2018. Twelve animals were used, 3 Holstein, 3 heifers Holstein, 3 Jersey cows
and 3 heifers jersey. The animals were distributed in four 3 x 3 Latin squares ina 3 x 2 x
2 factorial arrangement. The treatments were sprinkler system + artificial shade, shower
system + artificial shade, and artificial shade. The objective of article | was to evaluate
the systems influence designed to promote the thermal stress reduction on preferential,
physiological, and behavioral parameters of animals. For this, the following were
evaluated: respiratory rate; hair coat surface temperature; frequency and duration of
systems use; behavior (lying idle, standing idle, rumination, grooming and grazing); and
climatic data (air temperature, relative humidity, and temperature and humidity index).
The behavioral parameters of standing idle and grazing were influenced by the treatments.
The racial pattern influenced the behavior of lying idle, ruminating, and grooming. The
systems use time and frequency were affected by treatment and age group. The regression
analyzes showed a positive and significant correlations for respiratory frequency and hair
coat surface temperature in relation to the THI on treatments. The results of this study
indicate that age and racial variables can influence the analyzed variables and systems
that used water (sprinkler and shower) provided better behavioral and physiological
parameters to animals than just using the artificial shade. In article 11, the objective of the
study was to analyze the influence of heat stress-reducing systems on physiological,
productive, and reproductive parameters of animals. For this, climatic data (air
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temperature, relative humidity, solar radiation, wind speed, and globe temperature and
HLI) were evaluated; physiological parameters (respiratory rate, hair coat surface
temperature to rectal temperature); reproductive parameters (oocyte number and
embryonic production) and milk parameters (production, fat, protein, lactose, total solids
and somatic cell count (SCC). The period (morning and afternoon) influenced the values
of respiratory rate, hair coat surface temperature and rectal temperature. Breeds, age
group and interactions analyzed did not influence respiratory rate and hair coat surface
temperature. The treatments influenced respiratory rate and hair coat surface temperature
values. The rectal temperature was different between cows and heifers. There was a
treatment effect on the aspirated and viable oocytes number. No significant differences
were found for breed, age group and the interaction between treatment x age group on the
reproductive aspects analyzed. There was interaction between systems for breeds on
hatching. There was no effect of treatment x breed interaction on milk yield. No
significance was found for milk yield, its components and SCC for treatments. There was
a breed effect on production, fat, protein, total solids, and somatic cell score. The results
allow us to conclude that the sprinkler + artificial shade and showers + artificial shade
treatments provided better parameters of respiratory frequency and hair coat surface
temperature, however, all systems were efficient in maintaining the rectal temperature,
and that the use of these resources associated with in vitro production of embryos is a
strategy to be considered for the sector's greatest success. Article 111 tested the influence
of pasture-reducing stress systems on hormonal biomarkers (T3, T4 and cortisol), minerals
(Na*, K*, CI"), blood and lipids. Blood samples were collected at all experimental periods
by puncture of coccygeal vein. The treatments and age group influenced the Ts levels,
There was a significant systems interaction for breed and age group on the Tz levels.
Treatments, breed, age group, and treatment x breed and treatment x age group
interactions did not influence the T4 and cortisol hormonal levels. There was no effect of
treatments, age groups and interactions on Na*, K* and CI" levels. There was a breed effect
on Na" and K* levels. The blood aspects analyzed were not influenced by the age group
and the interaction between treatment and breed. There was a breed effect on the
hemoglobin, hematocrit and mean corpuscular volume levels. Glucose, total cholesterol,
HDL, TG, and urea levels were not affected by treatments. The age group influenced the
glucose, cholesterol, HDL, TG, and urea levels. There was a significant system
interaction for breed on the urea levels. It was concluded that the different heat stress

reducing systems tested did not influence serum biomarkers. The variations that occurred
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were due to the breed patterns and the age groups analyzed. As a general conclusion, it
was observed that most of the results are unpublished and show that the use of systems
that mitigate the thermal stress of animals raised on pasture in countries with tropical and
subtropical climate is necessary. The showers and sprinklers use are the systems that

provided the best physiological, behavioral, and reproductive parameters.

Keyword: thermal stress, milk production, reproduction, extensive system, pasture
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.  INTRODUCAO

A maior parte do territdrio brasileiro esta situada entre os tropicos de Céancer e
Capricornio, e o clima é caracterizado por altas temperaturas anuais e alto indice de
radiacdo solar (Dikmen and Hansen, 2009), sendo estes fatores climaticos de efeito
marcante sobre o conforto e bem-estar animal, principalmente para bovinos provenientes
de paises europeus criados a pasto (Facanha et al., 2013).

Grande parte da producdo leiteira do pais origina-se de pequenas e médias
propriedade rurais, as quais mantém seus animais a pasto sob grande interferéncia do
clima, sendo esse cenario de desafio quanto a adaptabilidade de bovinos (Silva et al.,
2002). Mesmo nesse cendrio o pais se posiciona em lugar de destaque na producdo leiteira
mundial, sendo o quarto maior produtor de leite com 33,8 bilhdes de litros produzidos em
2018 (IBGE, 2020).

Bovinos leiteiros possuem uma faixa de termoneutralidade que conseguem
expressar melhor seu potencial produtivo, denominada, zona de conforto térmico, que
variando de acordo com a racga, idade, sexo, condicao fisiologica (Ferro et al., 2010). Néo
ha concordancia entre os limiares superior e inferior dessa zona de conforto, porém,
acredita-se que valores acima de 21 °C dependendo da umidade ja afetam o bem-estar de
vacas da raca Holandés lactantes (Martello et al., 2004). Por esse motivo, indices para se
averiguar o conforto desses animais sdo necessarios, sendo os mais utilizados: o indice
de temperatura e umidade (ITU), que relaciona a temperatura de bulbo seco com a
temperatura do pondo de orvalho (El-Tarabany et al., 2017); e o indice de temperatura de
globo negro e umidade (ITGU), que associa a temperatura de globo negro com a
temperatura do ponto de orvalho (Buffington et al.,, 1981). Ambos expressando

numericamente o grau de conforto dos animais.
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Animais estressados termicamente alteram padrdes normais comportamentais e
fisiologicos visando diminuicdo dos estimulos estressantes. Alteracdes na frequéncia e
quantidade da ingestdo de alimentos visam diminuicdo do calor enddgeno causado pelo
processo de digestdo. O aumento da ingestdo de agua e a procura por lugares mais frescos
nas horas mais quentes do dia também sdo frequentemente observados (Wankar and
Yadav, 2018). Porém, muitas vezes essas alteragdes sdo insuficientes, ndo havendo
liberacdo satisfatdria de calor do animal, podendo levar a reducdo da producao leiteira
(podendo ser diminuida em até 40%) (Staples and Thatcher, 2011) afetando também a
hemodinamica (Souza et al., 2011) processos hormonais (Silva, 2016) e reprodutivos
(Wolfenson and Roth, 2018).

A dissipacdo insuficiente de calor altera os valores referéncia de temperatura retal
(entre 38,1 e 39,1 °C) (Ferreira et al., 2006) de frequéncia respiratéria (média de 50
mov.min-t) (Silva et al., 2012), frequéncia cardiaca (entre 60 e 70 bat.min-*) (Rossarolla,
2007) e de temperatura de pelame (entre 31,6 e 34,7 °C) (Martello et al., 2004), porém,
muitas vezes a alteracdo de apenas um desses parametros ndo designa a instalacdo do
estresse térmico aos animais (Rossarolla, 2007).

AlteracgBes significativas também ocorrem no eixo hipotdlamo-hipofise-adrenal
(HHA) (Silva, 2016), os quais levam a modificacbes no eixo hipotadlamo-hipdfise-
gonodal (HHG) (Ferro et al., 2010). A ativacdo do eixo HHA ocasiona aumento dos niveis
de cortisol e catecolaminas, levando a alteraces no eixo HHT e diminui a producéo dos
horménios tireoidianos (T3 e Ts), gonadais e afeta o sistema imune (Mukherjee et al.,
2011). Ainda, em se tratando de bovinos de leite, a principal alteracdo percebida é a queda
na producdo e qualidade do leite, fato esse resultante da reducdo do consumo e maiores
niveis dos hormonios adrenérgicos (Cowley et al., 2015). Por conseguinte, a utilizacéo de
mecanismos que visem minimizar os danos causados pelo estresse térmico sobre 0s
animais, no caso vacas leiteiras, se tornam essenciais para melhor manutengéo e éxito da
atividade (Bernabucci et al., 2014).

Como estratégias de diminuicdo do estresse térmico tem-se: a utilizacdo de
sombreamentos (Barbosa et al., 2004), sejam eles naturais, realizados por arvores (Alves
et al., 2015), ou artificiais, realizados por diferentes materiais como, telas, telhas,
fibrocimento, entre outros (Souza et al., 2010); estratégias de manejo nutricional, como o
aumento da oferta de concentrados (Simodes, 2014), e a inclusdo de minerais,
principalmente os perdidos pelo processo de suor como o sodio, magnésio, calcio, cloro

e potassio (Pires, 2013); o cruzamento de racas, que consiste em cruzar animais mais
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adaptados fisiologicamente e anatomicamente com 0s animais menos adaptados
buscando animais com caracteristicas mais favoraveis ao ambiente tropical (Facanha et
al., 2013); a utilizacdo de métodos reprodutivos como a inseminacdo artificial em tempo
fixo (sincronizando o estro) e a producdo in vitro de embrides (transferéncia de embrides
que ja passaram da fase critica de sensibilizacdo térmica); e por fim, a utilizacdo de
mecanismos adiabaticos evaporativos, que tem como fundamento a utilizacdo da agua
para umidificar o ambiente ou o animal, resultando em maior conforto aos animais
(Wolfenson and Roth, 2018).

O investimento em Sistema de Resfriamento Adiabatico Evaporativo (SRAE) é
uma alternativa viavel, com retorno financeiro garantido e que proporciona bem-estar aos
animais (Martello et al., 2004). Inimeros trabalhos utilizando SRAE e analisando sua
influéncia sobre parametros fisioldgicos, reprodutivos e de bem-estar ja foram realizados,
principalmente em sistemas intensivos de criagdo como free-stall ou em sala de espera
pré ou pés-ordenha e, em sua grande maioria mostram resultados satisfatorios (Barbosa
et al., 2004; Lagana et al., 2005; Legrand et al., 2011, 2009; Spiers et al., 2018), porém,
pesquisas e resultados sobre a utilizacao desses sistemas a pasto ainda sdo escassos, 0 que
seria de extrema valia principalmente para produtores que ndo possuem condi¢cOes de
grandes investimentos em galpdes e climatizaces.

Diante do exposto o objetivou-se com este trabalho estudar a eficiéncia de
diferentes sistemas redutores de estresse térmico a pasto e a associacdo destes sobre
caracteristicas fisiolégicas, comportamentais, produtivas, hormonais e reprodutivas de

vacas lactantes e novilhas puberes das racas Holandés e Jersey.

Il.  REVISAO DE LITERATURA

1. Variaveis meteoroldgicas
Animais criados em paises de clima tropical e a pasto estdo mais expostos a
condig@es climaticas adversas do que animais criados em sistemas de confinamentos,
tornando-o0s mais susceptiveis ao estresse térmico (Berman, 2011).
A combinacdo da temperatura do ar, umidade relativa do ar, chuva, vento e
radiacdo solar compde o clima, o qual interfere no desempenho animal, podendo afetar

fatores produtivos, fisiologicos e reprodutivos, sendo assim, é fator importante de
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restricdo da eficiéncia animal, principalmente em sistemas extensivos de criagdo (Tucker
et al., 2008; West, 2003).

A temperatura do ar é o fator climatico que quantifica a agitacdo de moléculas do
ar quando a radiacdo solar atinge a superficie terrestre. E a caracteristica do clima mais
sentida de modo direto e pode ser influenciada pela latitude, gases e caracteristicas fisicas
do ambiente. A associacdo de alta temperatura e alta umidade do ar, causam problemas
na termdlise (Ynoue et al., 2017).

A umidade relativa do ar é o elemento atmosférico dado pela razéo entre a pressédo
parcial de vapor exercida pelas moléculas de agua que pairam no ar e a pressdo de
saturacdo. A umidade é de grande importancia para o conforto animal pois, a alta
saturacdo do ar inibe o0 processo evaporativo da agua pela pele e pelo sistema respiratorio,
prejudicando a homeostase do corpo, ja a baixa saturacdo pode provocar desidratacao e
irritacdo da mucosas (Ferro et al., 2010).

A radiacdo solar é a designacgdo dada pela transferéncia de energia térmica através
de ondas eletromagnéticas emitidas pelo sol, sendo diretamente responsavel pela
transferéncia de calor do ambiente para o animal (Sparrow, 2018).

O vento é a movimentacdo do ar na atmosfera proveniente de diferentes pressoes
atmosféricas. A utilizacdo de vento, seja ele de forma natural ou artificial, através de
ventiladores, é de grande importancia para o conforto dos animais pois, auxiliam na
remocao do vapor de agua proveniente da transpiracdo, desde que a temperatura do ar

seja menor que a temperatura corporal do animal (Baéta and Souza, 2010).

2. Vias de dissipacao de calor dos animais ao ambiente
O ambiente exerce influéncia na regulacdo térmica entre o animal e 0 meio
através de mecanismos de transferéncia de calor. A dissipagdo de calor de um corpo para
0 ambiente se d& por quatro formas: conducao, conveccéo, radiacéo (ndo evaporativos) e
evaporacéo (ofego e suor) (West, 2003).

As trés primeiras vias de dissipacdo necessitam de gradiente térmico, e séo a cerca
de 75% das perdas de calor, nela o calor corporal excedido é transferido para o ambiente
mais frio. Os outros 25% sao representados pela evaporacao e séo realizados quando 0s
mecanismos nao evaporativos ndo sdo mais eficientes e a temperatura se encontra acima
da zona de conforto térmico dos animais, sendo o Gltimo meio de defesa do organismo

em relacdo a temperatura ambiental (Collier et al., 2006).
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A conducéo € o mecanismo de transferéncia de calor dado por contato direto entre
um corpo mais quente para um mais frio, ou seja, quando a temperatura da pele do animal
estiver mais elevada que a do ambiente, ele perdera calor para as moléculas de ar (Ferro
et al., 2010). A perca de calor do animal por conducdo também é dependente de
caracteristicas do animal, como, a espessura do pelo e a quantidade de gordura, fatores
esses que podem dificultar este processo, sendo o mecanismo de dissipagdo de calor
menos efetivo por necessitar de contato com superficie mais fria (Baéta and Souza, 2010).

A conveccdo € a forma de dissipacdo de calor caracterizada pelo movimento de
um fluido pela sua diferenca de densidade, ou seja, é a perda de calor em que liquidos ou
gases entram em contato com um corpo mais quente. Ela pode ocorrer de maneira forgada,
pelo uso de ventiladores, ou de forma natural, pela diferenca de densidade (Cattelam and
Vale, 2013).

A radiacdo € caracterizada pela transferéncia de calor através de ondas
eletromagnéticas (raios cosmicos, gama, X, ultravioleta, luz visivel, infravermelho, ondas
hertzianas) que vao desde o final da faixa de luz visivel até o inicio da faixa de micro-
ondas (Sparrow, 2018).

E a evaporacdo é o processo que consiste na passagem gradual do estado liquido
para 0 estado gasoso, pelo aumento da temperatura. Quando a temperatura ambiente
excede a zona de conforto térmico dos animais os mecanismos de dissipacdo de calor ndo
sdo mais efetivos, entdo, os animais utilizam mecanismo evaporativos para manterem sua

temperatura em equilibrio, via evapora¢do do suor e da respiracdo (Maia et al., 2009).

3. Zona de conforto térmico

Os bovinos, como todos os mamiferos, mantém sua temperatura corporal
relativamente constante, independente das variagOes de temperatura do ambiente, sendo
assim, denominados, animais homeotérmicos. Para manterem a temperatura corporal, 0s
animais lancam méo de mecanismos fisioldgicos e comportamentais (Ferro et al., 2010).

Dentro de uma faixa de temperatura, os animais mobilizam minimamente
mecanismos para a sua termorregulagdo, essa faixa é determinada de zona de conforto
térmico ou termoneutralidade, sendo limitada pela temperatura critica superior e
temperatura critica inferior (Ferro et al., 2010).

Na literatura ndo ha concordancia entre os limites da zona de conforto térmico
pois, esta pode variar com as variaveis climaticas, raca, nivel de producédo, nutri¢do e

estadio fisiologico. Segundo Pereira (2005) essa faixa varia de 0 a 16 °C para animais de
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origem europeia (Bos taurus taurus) e de 10 a 27 °C para animais de origem indiana (Bos
taurus indicus). Para Martello et al. (2004), vacas em lactagdo estdo em conforto térmico
quando a temperatura esta entre 4 a 24 °C, porém essa faixa pode variar de acordo com a
umidade o ar podendo ser de 7 a 21 °C. Para Nascimento et al. (2013), a zona de conforto

térmico para animais leiteiros varia de 10 a 20 °C.

4. Indices de conforto térmico
Sé&o dois os indices mais utilizados para verificagdo do conforto térmico, sendo
eles, o indice de Temperatura e Umidade (ITU) e o indice de Temperatura de Globo
Negro e Umidade (ITGU) (Faganha et al., 2013).

4.1 indice de Temperatura e Umidade (ITU)

O Indice de Temperatura e Umidade (ITU) é o indice mais utilizado entre os
pesquisadores é de facil obtencdo e associa a temperatura do ar com a temperatura do
ponto de orvalho (El-Tarabany et al., 2017). InUmeras propostas foram realizadas para a
afericdo do ITU, porém, a mais utilizada € a proposta por Thom (1959) que estimava a
sensacao de conforto térmico em humanos, e posteriormente adaptada para bovinos por
Du Preez et al. (1990).

A equacdo do calculo é dada por:

ITU = Tbs + 0,36 Tpo + 41,2

Em que: Tbs: Temperatura do termdmetro de bulbo seco, C°; Tpo: Temperatura do ponto
de orvalho, C°.

Deste modo, se o animal estiver dentro de uma faixa de ITU adequada, ele ira
desempenhar bem suas fungdes produtivas. De acordo com Du Preez et al. (1990) essas
classes séo divididas em: normal, em valores de ITU menores que 70; alerta, em valores
de ITU situados entre 70 a 72; alerta e acima do indice critico para perdas na producéo
de leite, em valores de ITU situados entre 73 a 78; perigo, em valores de ITU situados
entre 79 a 82; e emergéncia, em valores de ITU situados acima de 82. Porém, pesquisas
mais recentes mostram que valores de ITU de 68 ja sdo considerados prejudiciais aos
animais, principalmente vacas de alta producdo, podendo ocorrer perca de 2,2 kg/leite por
dia (Zimbelman et al., 2009); Entretanto, essa faixa de valores pode variar de acordo com

a idade, estadio fisioldgico e raca do animal.
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Sendo assim, a aplicagdo do ITU por produtores de leite € uma ferramenta para
tomadas de decisdo quanto ao a adogao de estratégias para reducdo do estresse térmico, e
assim diminuir perdas econdmicas que estes possam vir a ter (Bertocchi et al., 2014).
Cerutti et al. (2013) em pesquisa com vacas da raca Holandés, avaliaram a aspersao
associada a sombra na sala de espera e a ndo climatizacdo da sala de espera. Os autores
observaram que o ITU para o grupo das vacas submetidas a sala climatizada apresentou
valor de 71,34, caracterizado como valor normal, ja o valor obtido para as vacas do
tratamento sem climatizacgéo foi 79,76, considerado de perigo aos animas, 0 que levou a
uma diminuicéo da producgéo de leite, mostrando assim, a importancia de um ambiente
climatizado para um melhor bem-estar aos animais.

Em animais mestigos de Holandés x Zebu, gerando vacas 'z sangue, % e 7 HZ
foram observados valores de ITU de 80, 77 e 75, respectivamente, e estes ndo afetaram a
temperatura retal dos animais. O estudo concluiu que, as vacas % sangue HZ possuiam
maior tolerancia ao calor que as 7% HZ. Em vista disso, o intervalo de grau de sangue entra
como alternativa para a definicdo do cruzamento que gere maior rentabilidade na
producdo. Porém, mais estudos ainda sdo necessarios para a determinacdo adequada de

ITU para animais mesticos (Azevedo et al., 2005).

4.2 indice de Temperatura de Globo Negro e Umidade (ITGU)

O indice de Temperatura de Globo Negro e Umidade (ITGU) foi criado por
Buffington et al. (1981) e associa a temperatura de globo negro e a temperatura de ponto
de orvalho. O termdmetro de globo negro quantifica a carga térmica radiante, que é a
quantidade total de energia térmica que um individuo troca com o ambiente (Buffington
etal., 1981)

A equacdo do calculo é dada por:

ITGU = TGn + 0,36 Tpo + 41,5

Em que: TGn: Temperatura do globo negro, °C; Tpo = Temperatura do ponto de orvalho,
°C.

De acordo com Baéta e Souza (2010) valores de ITGU até 74 pontos denominam
conforto aos animais; valores entre 75 e 78, situacdo de alerta; valores entre 79 e 84,

perigo; e valores acima de 85 emergéncia, e cuidados devem ser tomados imediatamente.
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Entretanto, assim como o ITU, essa faixa de valores pode variar de acordo com a idade,
estadio fisiologico e raga do animal.

Em estudo realizado por Souza et al. (2010) em vacas mesticas (Holandés/Jersey),
submetidas a tratamento com sombra ou ndo, os autores relataram que 0 uso de sombra
proporcionou um ITGU meédio de 74, considerado situacdo de conforto aos animais (e
menores valores de temperatura retal e de frequéncia respiratdria), e que o grupo de vacas
sem sombra possuiram um ITGU de 78 considerado situacdo de alerta.

Ja para Martello et al. (2004), a influéncia do ITGU em vacas da raca Holandés
em trés ambientes (controle; sombrite; e asperséo + ventilagéo), constataram que a menor
média de ITGU foi para o ambiente climatizado (75), porém, esse valor ndo refletiu em
maior consumo de alimentos e de producdo de leite, e esse valor ndo foi associado a algum
tipo de estresse, mostrando que mais estudos devem ser realizados acerca dos valores

criticos de ITGU para os animais.

5. Parametros comportamentais

Para manterem a temperatura corpérea, quando em estresse térmico, 0s animais
alteram padrdes fisiologicos e de comportamento como tentativa de diminuir ou de se
libertarem dos estimulos que causam esse estresse. Uma das principais e mais visiveis
mudancgas comportamentais é a diminuicdo da ingestdo de matéria seca, que leva ao
menor tempo de ruminagdo e maior tempo em GOcio e, consequentemente a diminuicdo na
quantidade de calor despendida nessa agdo (Wankar and Yadav, 2018). A menor ingestéo
de alimentos leva também a menor disponibilidade de energia para a producéo leiteira,
que pode ser diminuida de 25 a 40% (Staples and Thatcher, 2011).

O padréo de alimentagcdo também sofre alteracfes. Os animais se alimentam mais
vezes, porém em porc¢des menores, tendo preferéncia por se alimentarem e pastejaram nas
horas mais frescas do dia. H& também a preferéncia por alimentos concentrados em
relacdo a forragem, assim, tém-se menor gasto energético no processo de digestao, pois a
digestdo da fibra gera alto esforco muscular (Malafaia et al., 2011). Observa-se também
0 aumento na ingestdo de agua (Wankar and Yadav, 2018).

Animais submetidos em altas temperaturas também podem apresentar respiragdo
ofegante, salivacdo aumentada, inquietagdes como chutes e abano de caudas, podendo
apresentar muco as narinas e maior quantidade de lagrimas nos olhos (Wankar and Yadav,
2018).
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Lagana et al. (2005) avaliaram o comportamento de vacas da raca Holandés em
sistema de free-stall, recebendo aspersdo com &gua ou ndo (controle), constataram que o
consumo de agua foi maior e mais frequente no grupo controle, e que estes procuraram
com maior frequéncia a alimentacéo levando para maior quantidade de fezes e urina.

Para Wankar e Yadav. (2018) em estudo em que os animais foram submetidos a
crescentes temperaturas (25, 30, 35 e 40 °C), os animais apresentaram principalmente nas
temperaturas mais elevadas, todos os sinais anémalos de desconforto, como: perca de
peso, resultado de ingestdo menor de alimentos; suor; ofego; salivacdo excessiva,

diminuicdo da ruminacdo; e aumento da ingestdo de agua.

6. Parametros fisioldgicos
6.1. Frequéncia respiratoria

O aumento da frequéncia respiratoria é o primeiro sinal visivel de animais em
estresse térmico, e se mostra como método eficiente de perda de calor do animal para o
ambiente, porém, se exigido por grande periodo de tempo, pode interferir na ingestéo de
alimentos, ruminacao, provocar calor enddgeno e desviar energia que seria utilizada para
outros processos (Silva et al., 2012).

A frequéncia respiratoria alterada por longos periodos pode causar alcalose
respiratoria. A alcalose se instala devido ao aumento da taxa respiratdria, ocasiona maior
eliminacdo de CO2 dos pulmdes, levando a queda de CO2 sanguineo, sendo assim, 0s rins
aumentam a excregdo de HCOz pela urina, para que a relagcdo de CO2/ HCOs seja mantida,
tornando assim o pH do sangue mais alcalino (Das et al., 2016).

Hahn et al. (1997) relataram que valores de FR em até 60 movimentos por minutos
indicam auséncia de estresse térmico, valores situados acima de 120 mov.min-t indicam
carga excessiva de calor, e valores acima de 160 mov.min-t sdo classificados como
estresse severo, e medidas emergenciais devem ser tomadas.

Segundo Silva et al. (2012) a FR de bovinos nunca sera maior do que 50 mov.min-
1 enquanto a temperatura ambiental for abaixo de 26 °C, e que, para vacas da raga
Holandés, a frequéncia respiratdria comeca a aumentar com a temperatura ambiente em
cerca de 18 °C e para vacas Jersey essa temperatura € de 21 °C.

Naas et al. (2001) avaliaram trés métodos de reducdo de estresse térmico para
vacas leiteiras a pasto durante o periodo do outono no estado de S&o Paulo, Brasil. Os
tratamentos foram: sombreamento artificial (S), sombreamento mais ventilagdo (SV) e

sombreamento associado a ventilacdo e aspersdo (SVA). Os autores constataram que a
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frequéncia respiratoria foi semelhante em todos os mecanismos utilizados para redugdo
do estresse térmico (34,8 para S, 32,56 para SV e 34,76 para SVA) ficando assim evidente
que o0 uso de sistemas para reducdo do estresse térmico sejam eles sombreamento ou
sistemas adiabaticos evaporativos sdo benéficos para os animais.

Resultados semelhantes foram encontrados por Avendafio-Reyes et al. (2010), os
autores testaram diferentes horarios de resfriamento em vacas da raca Holandés (somente
antes da ordenha; antes da ordenha e as 11 horas; as 23 horas e antes da ordenha; e &s 11
e &s 23 horas), e concluiram que os animais que foram submetidos ao resfriamento por
maior tempo obtiveram melhores valores de frequéncia respiratdria e temperatura retal, o

que influenciou em melhores parametros produtivos leiteiros.

6.2 Temperatura retal

A temperatura retal (TR) € um dos principais indices de avaliacdo para a
adaptabilidade fisiol6gica dos animais em ambientes quentes. Deve-se ter um equilibrio
entre o calor que o corpo ganha e perde, pois, 0 aumento de apenas 1 °C na temperatura
retal mostra que os mecanismos para dissipacao do calor foram insuficientes e que, a
homeotermia ndo esti mantida, instalando assim o estresse térmico (Silva et al., 2012).

A temperatura retal normal média para bovinos é de 38,3 °C, podendo variar de
acordo com a raga, estadio fisiologico, idade, nivel nutricional e horario do dia em que se
afere. Na literatura existem variacdes dessa medida: para Ferreira et al. (2006) varia de
38,1 a 39,1 °C e para Du Preez (1990) de 38 a 39,5 °C.

Ferreira et al. (2006) avaliaram a TR de bovinos no periodo manha e tarde durante
as épocas de verdo e inverno e constataram que os valores se apresentaram normais no
periodo da manhd em ambas as épocas (média de 38,02 °C), porém os valores da tarde
foram superiores em ambas as épocas (média de 40,59 °C para inverno e 41,14 °C no
verdo), evidenciando que 0s animais ndo conseguiram manter a homeotermia e que a TR
pode sofrer variacdo de acordo com a hora do dia, apresentando ritmo circadiano.

Cerutti et al. (2013) avaliaram a influéncia do uso de climatizagcdo (sombreamento
associado a aspersdo) ou ndo na sala da espera, e obtiveram resultados mais favoraveis de
temperatura retal para os animais que receberam a climatizacdo (38,8 °C) aos animais que
ndo desfrutaram da climatizacdo (39,4 °C) ressaltando a importancia do uso de medidas

que visem diminuir o estresse térmico dos animais.

6.3 Frequéncia cardiaca
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A frequéncia cardiaca (FC) pode variar por fatores intrinsecos e extrinsecos, sendo
esses, as variaveis climaticas e ambientais, e aqueles, dependentes de respostas fisicas
como exercicios, producdo de leite e medo (Ferreira et al., 2006). O grau de
adaptabilidade dos animais a intensidade do estresse térmico também causam variagdes
na frequéncia cardiaca (Cerutti et al., 2013).

Valores normais de frequéncia cardiaca, para bovinos adultos, situam entre 60 a
70 batimentos por minuto, porém valores acima de 70 batimentos por minuto,
isoladamente, ndo caracterizam a instalacdo do estresse térmico no animal, como ja
mencionado a frequéncia cardiaca pode variar por outros fatores (Rossarolla, 2007).

Segundo valores encontrados por Cerutti et al. (2013), a frequéncia cardiaca de
vacas da raca Holandés, submetidas a tratamento com ou sem climatizacdo (aspersao) na
sala de espera, foi menor a cerca de 12 batimentos por minuto, quando comparadas aos
animais do tratamento controle (54 e 67 bat./min-1), mostrando novamente a importancia

de sistemas que visem diminuir o estresse térmico dos animais.

6.4 Temperatura de pelame

O pelame é um dos principais protetores térmicos dos animais, tanto para o frio
quanto para o calor. Sua temperatura pode variar de acordo com a temperatura ambiental,
umidade do ar, incidéncia de radiacdo solar, velocidade do vento (Nascimento et al.,
2013) e cor (Martello et al., 2004).

Em ambiente tropical, o ideal para bovinos seria uma capa de pelame claro, com
pelos assentados, curtos, grossos, e epiderme pigmentada (Martello et al., 2004). O
pelame de cor branca tem maior capacidade de reflexdo dos raios solares que o atingem
e 0 de cores pigmentadas maior capacidade de absorg¢do da radicacéo solar.

Maia et al. (2009), em estudo sobre o pelame de vacas da raca Holandés em
ambiente tropical, perceberam que a pelagem branca era mais densa, com pelos mais
compridos e possuia condutividade térmica maior do que o pelame preto (53.15 mW.m-
1 K-t versus 49.25 mW.m-1.K-1), sendo assim, animais com maior quantidade de malha
branca sofreriam menos com o estresse térmico.

Para a adequada afericdo da temperatura superficial do pelame (TP) € necessario
a retirada afericdo por meio de cdmeras termogréaficas ou infravermelhas, em diversas
regides do corpo do animal, como: a cabeca, pescogo, garupa, flanco, cernelha e barriga.
A aferigdo de temperatura em diversas regides se justifica porque o corpo do animal
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possui diferentes temperaturas devido pelas atividades metabdlicas que exercem, e
podem variar de 31,6 °C a 34,7 °C (Martello et al., 2004).

7. Parametros hematologicos

O sangue e seus componentes estdo envolvidos com a regulagdo térmica dos
animais. Deste modo, um hemograma entra como parametro para avaliar o estresse
térmico em animais e sua adaptacdo. Porém, valores de referéncia podem mudar de
acordo com o sexo, idade, raca, estadio fisiologicos, hora do dia e clima (Souza et al.,
2011).

O estresse calorico faz com que os animais utilizem de mecanismos para maior
dissipacdo de calor, como 0 aumento da frequéncia respiratéria, suor, vasodilatacédo e
ofego. Assim, o animal perde maior quantidade de liquido, levando a redu¢éo do volume
plasmaético, fazendo com que haja aumento no hematdcrito (Souza et al., 2011).

VariagBes nas células sanguineas interferem nos valores do hematocrito
(porcentagem do volume de hemacias pelo volume total de sangue), na quantidade de
leucdcitos, de eritrocitos e consequentemente o teor de hemoglobina no eritrocito
(Iriadam, 2007)

Ferreira et al. (2009) analisaram o efeito do estresse calérico no periodo da manha
e tarde, sobre parametros sanguineos de bovinos, e encontraram valores mais elevados de
hemaécias, hemoglobina e de hematdcrito no periodo da tarde. Concluindo assim, que nas
horas mais quentes do dia os valores sanguineos sdao mais elevados, causado pela
hemoconcentracao por perda de liquidos do corpo.

Dalcin et al. (2016) analisaram paramentos hematol6gicos em vacas leiteiras
Holandés (HO) e Girolando (*2 e ¥ HO) e constataram que 0s maiores valores de
hemaécias, hematocrito e hemoglobina foram encontrados para o grupo %2 HO de animais,
e que tal fato pode estar relacionado a diferencas genéticas, manejo ou nutri¢éo.

Por outro lado, Nasr e El-tarabany. (2017) estudaram a influéncia do estresse
térmico sobre cabras leiteiras e observaram que o teor de leucdcitos diminuiu com o
aumento do indice de temperatura e umidade, fato atribuido para a maior concentracéo
de cortisol, resultante de estresse agudo nos animais, o qual pode afetar o sistema imune

celular.

8. Parametros minerais



35

Os minerais possuem funcdo importante no organismo, sendo fundamentais na
formagé&o de ossos, dentes, coagulagéo do sangue, funcionamento do sistema nervoso, na
regulacdo da pressdo osmotica e do equilibrio acido-basico dos fluidos do corpo. O
aumento na temperatura do ambiente altera a concentracdo dos minerais podendo estes
variar de acordo com a duracéo e intensidade calérica em que 0s animais estdo submetidos
(Wankar and Yadav, 2018).

O K* é o principal cation intracelular, enquanto o Na* e o ClI" séo os principais
fons extracelulares. Animais em estresse severo apresentam grandes perdas de K*, sendo
este o principal ion eliminado pelos ruminantes pelo suor. Temperaturas elevadas
diminuem a concentragdo de K* e Na*, consequéncia da eliminacgdo de sais como o cloreto
de potéssio (KCI), bicarbonato de potéssio (KHCO3) e bicarbonato de sddio (NaHCO3)
pelo suor e pela urina, enquanto o CI- aumenta, provocando reducdo na excrecdo de H e
na reabsorcdo de HCOs pelos rins (Marai and Haeeb, 2010).

Em estudo realizado em animais submetidos a diferentes temperaturas (25, 30, 35
e 40 °C), os niveis séricos de Na*, K* diminuiram com o aumento da temperatura,
resultado de maior aumento da excrecdo desses ions, causando balango mineral negativo.
J& o nivel sérico de Cl-aumentou com o aumento das temperaturas, em decorréncia da
excrecdo renal da base, sendo as alteracbes na concentracdo de CI° geralmente
proporcionais a concentracdo de sodio, da agua corporal e do volume plasmatico e
inversamente proporcionais ao bicarbonato plasmatico (Wankar and Yadav, 2018).

Por outro lado Ferreira et al. (2009a) encontraram aumento dos ions de sddio e
potéssio em animais submetidos ao estresse caldrico agudo, no periodo da tarde, resultado
de maior producdo de mineralocorticoides maior reabsorcdo tubular de soédio e do
aumento da transferéncia de potassio do liquido intracelular para o liquido extracelular,

advindos da desidratacdo observada.

9. AlteracOes de hormonais

As variagdes nas concentracGes de alguns horménios servem como respostas
enddcrinas ao estresse térmico. Sendo assim, o estudo do efeito do estresse calorico sobre
alteracdes hormonais € de suma importancia. Sao exemplos desses hormonios, o cortisol,

hormdnios tireoidianos (Ts e T4), a insulina e hormdnios gonadotroficos (LH e FSH).

9.1 Cortisol
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Uma das maneiras que o organismo animal responde ao estresse térmico é pela
variacdo da secrecdo de horménios do sistema neuroenddcrino, atraves da ativacdo do
eixo hipotalamo-hipofise-adrenal (HHA) (Dalcin et al., 2016).

A ativacdo do eixo HHA se da quando o estimulo estressante por meio de impulsos
nervosos chega ao sistema nervoso central atuando sobre as células paraventriculares do
hipotalamo que secretam o hormdnio liberador de corticotrofina (CRH). O CRH por vias
capilares ¢ transportado do hipotdlamo para a hipdéfise, promovendo maior producéo e
secre¢cdo do ACTH (hormonio adrenocorticotréfico). O ACTH ¢é transportado pela
circulacdo até a medula adrenal, e esta, aumenta a secre¢do do cortisol. (Encarnacao,
1986).

O cortisol é denominado hormdnio glicocorticoide, sintetizado do colesterol, e é
a resposta mais relevante para as condicdes de estresse do eixo HHA. Possui efeito
catabdlico, ocasionando a degradacdo de tecidos musculares e de gordura,
disponibilizando glicose na circulagdo (em situacéo de perigo a glicose é utilizada como
fonte de energia rapida) (Dalcin et al., 2016).

Em trabalho realizado por Ferreira et al. (2009a) em bovinos submetidos a
condicGes de termoneutralidade (22 °C a 70% de umidade) e ao estresse calorico (42 °C
e 60% de umidade), nas estacOes de verdo e inverno, nos periodos da manha e da tarde,
foi concluido que houve maior concentracdo de cortisol no verdo, principalmente no
periodo da tarde, quando a temperatura se encontrava mais elevada, resultando em
estresse caldrico agudo aos animais.

De acordo com Veissier et al. (2018) vacas leiteiras submetidas a pastagem sem
sombra e com sombra de arvores e telas, o grupo de animais que tiveram acesso a sombra
possuiram menores taxas de respiragdo, de temperatura retal e de concentracdo de
cortisol. Os autores ressaltam que em paises de clima temperado o uso de mecanismos

que proporcionam maior bem-estar aos animais € essencial.

9.2 Horménios tireoidianos (T3 e Ta)

Os hormonios produzidos pela tireoide estdo associados a termogénese, pois
aumentam a taxa metabdlica, por mecanismos como, a elevacdo do consumo de oxigénio
dos tecidos; pela maior disponibilizacdo de glicose; e estimulacdo da sintese de proteina
(Horowitz, 2002).

O processo de adaptacdo ao calor diminui os niveis enddgenos de triiodotironina

(Ts) e tiroxina (T4), ou seja, animais submetidos a ambientes em que a zona de conforto
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destes seja excedida, possuem menores niveis desses hormonios, e consequentemente
menor producdo de calor metabolico (Wankar and Yadav, 2018).

O T4 € o produto da glandula tireoide, sendo sua produgéo regulada pelo eixo
HHT. O hormoénio liberador de tireotrofina (TRH), regula a liberacdo do horménio
estimulador da tireoide (TSH) pela hipd6fise anterior, e este atua na tireoide promovendo
a sintese de seus hormonios (T3 e T4). O T3 € a forma ativa do horménio, resultante da
deiodagéo enzimética do T4 (Todini et al., 2007).

Animais em estresse térmico necessitam diminuir o metabolismo, com esse
proposito ha menor deiodacao do T4 em T3, sendo assim menores niveis de triiodotironina
serdo encontrados em ambientes quentes (Todini et al., 2007).

Em trabalho realizado por Morais et al. (2008), os autores avaliaram
caracteristicas termorreguladoras em 200 vacas leiteiras e concluiram que o grupo animal
que obteve maiores valores de frequéncia respiratoria e temperatura retal, foram
resultantes de épocas de maior carga térmica radiante e maior indice de temperatura e que
estes refletiram em menores concentracGes plasmaticas de hormonios tireoidianos.

Nascimento et al. (2013) estudaram o perfil dos hormdnios tireoidianos em vacas
das racas Guzera e Holandés em ambiente tropical e relataram que a concentracéo de Ta
varia de acordo com a composicao genética, sendo encontrado niveis menores em animais
da raca Guzera (75,17 ng/mL, contra 82,27 ng/mL) mostrando assim que ra¢as zebuinas
sdo mais adaptadas a ambientes quentes.

Ja Avendafo-Reyes et al. (2010) testaram sistemas de climatizagdo em que 0s
animais foram resfriados: Somente antes da ordenha; antes da ordenha e as 11 horas; as
23 horas e antes da ordenha; e as 11 e as 23 horas, e a influéncia destes sobre aspectos
fisiolégicos. Os autores concluiram que, os niveis de hormonios da tireoide foram
estatisticamente semelhantes mostrando que, para que se tenham resultados satisfatérios
a constancia e a frequéncia no resfriamento dos animais sdo necessarias para que 0

estresse termico seja reduzido efetivamente, principalmente na época do verao.

9.4 Insulina
A insulina € um hormonio anabodlico, produzido pelas células B-pancreaticas e esta
envolvida na regulacdo do metabolismo de carboidratos, lipideos e proteinas. N&o se sabe
ao certo 0s mecanismos, porém, animais estressados termicamente possuem maiores

niveis de insulina no sangue (Baumgard and Rhoads, 2012).
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Animais em estresse térmico tendem a diminuir a ingestdo de alimentos. Essa
diminuicdo faz com que o animal entre em balancgo energético negativo (BEN), se ndo
forem tomadas medidas necessarias (Bernabucci et al., 2010). Vacas em homeotermia no
inicio da lactacdo, geralmente se encontram em BEN, e como consequéncia possuem
aumento de &cidos graxos nao esterificados (AGNE) no sangue. Esse aumento se d& pela
mobilizacdo de gordura corporal com finalidade de acrescer a demanda energética que
estd em falta para o animal.

Vacas termicamente estressadas possuem menores niveis de AGNE no sangue,
resultantes de maior teor de insulina sanguinea, que causam menor intensidade na
mobilizacdo de reservas corporais. Sendo assim, a glicose utilizada pelos tecidos
aumenta, porém, os motivos para tal fato ainda ndo sdo claramente elucidados.
(Bernabucci et al., 2010)

O aumento do uso de glicose por outros tecidos, principalmente o tecido muscular
esquelético, diminui a demanda de glicose para a glandula mamaéria, prejudicando a
sintese da lactose, causando queda na producdo e na qualidade leiteira (Baumgard and
Rhoads, 2012).

941LHeFSH

Como ja visto, em decorréncia do calor excessivo, alteracbes significativas
acontecem nos eixos HHA e HHT que resultam em alteracdes no eixo HHG, ou seja,
afetam o eixo hipotdlamo-hipofise-gonadal (HHG) (Ferro et al., 2010).

Um desses hormdnios é o GnRH (hormonio liberador de gonadotrofinas), que €
inibido pelo CRH, e consequentemente ha a diminuicdo da liberacdo do horménio
luteinizante (LH) e do hormdnio foliculo estimulante (FSH), prejudicando, o ciclo de
reproducdo dos animais (Rocha et al., 2012). Porém, inumeros estudos realizados sobre
0 comportamento e variacdes desses hormonios durante o estresse térmico mostram
resultados inconsistentes, muitas vezes sendo aumentados, diminuidos ou inalterados
(Rensis and Scaramuzzi, 2003).

O LH possui a¢éo nos ovarios e tém a fungdo de promover o crescimento final do
foliculo e a formacgdo do corpo luteo (produz progesterona). O FSH possui fungéo
principal no desenvolvimento dos foliculos e consequentemente na producdo de
horménios foliculares (estrogeno e inibina), podendo assim, ser visto que, esses
hormdnios possuem aces interligadas (Wolfenson et al., 2000). Sendo assim, alteracGes

na producdo do LH e FSH acarretam inUmeros problemas na reproducdo dos animais,
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como: na diminuicdo da deteccdo do estro, qualidade e quantidade de odcitos, na
implantacéo e fertilizagdo (Ozawa et al., 2002).

O estresse caldrico, principalmente o estresse cronico, leva a diminuic¢éo do LH,
que prejudica a fase pré-ovulatdria, resultando em foliculos menores, que podem se
desenvolver parcialmente (causando atraso na onda folicular) ou podendo néo eleger um
foliculo dominante com ovdcitos de qualidade inferior, diminuindo assim o estro
(Wolfenson and Roth, 2018).

A diminuicdo da intensidade do estro também pode ser decorrente do aumento dos
niveis de cortisol, (Das et al., 2016) e da diminuicdo da aromatase, que resulta na
diminuicdo do estrégeno (hormonios com acdo na ovulagdo e no desenvolvimento de
caracteristicas femininas) (Wolfenson and Roth, 2018). A aromatase é a enzima chave
para a sintese de estrogénio pois, um dos seus sitios de ligacdo, o esteroidal, liga-se ao
androgénio para que o estrogénio seja produzido, sendo assim, sua reducdo diminui a
secrecdo de estradiol, diminuindo os sinais do estro, a ovulacdo e a fertilizacdo
(Wolfenson and Roth, 2018)

A diminuicdo da aromatase foi observada por Guzeloglu et al. (2001), em vacas
leiteiras ndo lactantes, alocadas em cameras bioclimaticas com temperaturas elevadas.
Segundo os autores, observou-se diminuicdo do estradiol e aumento da progesterona,
resultantes da menor atividade de aromatase.

Roth et al. (2005) estudaram o efeito do estresse calorico sobre a producédo de
esteroides. Os autores relataram que a producéo de estradiol no fluido folicular diminuiu,
resultado de menor desenvolvimento dos foliculos, que prejudica também a producéo de
horménios envolvidos na maturacdo dos o6citos.

Wolfenson et al. (2001) analisaram as diferengas sazonais na producdo de
progesterona in vitro, constataram que houve diminuicdo de progesterona no veréo (a
cerca de 3 vezes menos, 100 versus 324 ng), fato relacionado a danos aos foliculos e ao
pequeno corpo luteo formado. Os autores ainda enfatizaram que algum modo de
resfriamento deve ser tomado como medida de mitigacao do estresse térmico para que 0s

animais ndo tenham maiores problemas com a fertilidade

9.4.1 Produgcdo in vitro de embrides
A producdo in vitro de embrides (PIVE) é uma ferramenta de biotecnologia
reprodutiva que permite o encontro entre odcito e espermatozoide em laboratorio, fora do

sistema reprodutor da fémea (Varago et al., 2008). Trés etapas compreendem a PIVE,
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sendo elas a maturacao oocitaria, a fecundagéo oocitéria e o cultivo embrionério in vitro.

A maturacdo in vitro (MIV) consiste na capacitacdo do odcito para futura
fecundacdo (Palma, 2001). Essa capacitacdo ocorre no nucleo através da condensacéo da
cromatina e dissolucdo da membrana nuclear pela quebra da vesicula germinativa. Na
fecundacdo in vitro (FIV) o sémen, j& capacitado é depositado em gotas nos odcitos, e
ficardo de 18 a 24 horas em estufa por 38,5 °C, atmosfera controlada com 5% de CO: ¢
umidade saturada (Goncalves et al., 2007). E, por fim o cultivo in vitro (CIV), etapa que
consiste no desenvolvimento do embrido atravées de sucessivas clivagens. Sete dias apds
a FIV os embriGes estardo em estagio de blastocisto, fase que serdo transferidos para as
doadoras, congelados ou vitrificados (Reis Silva et al., 2017).

Porém, a PIVE como qualquer outra ferramenta possui vantagens e desvantagens.
Como desvantagens tem-se: A dificuldade de criopreservacdo embrionaria, o alto custo
estrutural e dos equipamentos (Gongalves et al., 2007) o cultivo dos embrides durante o
transporte (Cavalieri et al., 2015), a padronizacdo dos meios de cultivo utilizados (Peixer
et al., 2018), a habilidade dos técnicos e também fatores inerentes aos equipamentos
utilizados para a aspiracdo dos foliculos como o transdutor, o tamanho, largura e calibre
da agulha e a pressdo de véacuo (Carneiro et al., 2019). J& como vantagens tem-se:
Melhores resultados em relacdo a outras técnicas reprodutivas, aumento do melhoramento
genético animal, diminuicdo do intervalo entre partos (aumentando o nimero de crias),
otimizacdo do uso do sémen e a utilizacdo de animais de diversas idades (bezerras pré
pUberes, vacas lactantes ou mesmo mortas) sem que parametros fisioldgicos dos animais

sejam prejudicados (Martins, 2010).

9.4.2 O estresse térmico e a producgdo in vitro de embrides leiteiros

Uma das principais consequéncias do estresse térmico sobre a dinamica folicular
é 0 aumento da quantidade de foliculos pequenos e meédios, resultantes da diminuigéo da
inibina e do FSH (Hansen, 2009). De acordo com Wolfenson e Roth (2018), temperaturas
corporais maiores do que 40 °C, tornam os foliculos inviaveis, podendo afetar toda a onda
folicular. O estresse térmico ndo afeta somente os foliculos emergentes, mas também os
foliculos antrais, com aproximadamente 0,5 a 1,0 mm de didmetro, mostrando assim que,
os efeitos deletérios do estresse térmico podem perpetuar por varias ondas foliculares
(Roth et al., 2001).

O aumento da temperatura corporal acima de 40 °C também impede o

desenvolvimento embrionario pois, causa menor fluxo sanguineo para o Utero, e
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consequentemente menor aporte e nutrientes para o embrido (Ferro et al., 2010;
Wolfenson and Roth, 2018), causando também diminuicdo da glutationa peroxidase
(Ozawa et al., 2002) e aumento na quantidade de radicais livres que se ligam a outras
moléculas, ocasionando danos que diminuem o desenvolvimento dos embries (Hansen,
2009).

Devido a esses motivos a producéo in vitro de embrides entra como ferramenta
biotécnica para que nao haja tamanha interferéncia do estresse térmico sobre a reproducao
das fémeas leiteiras, minimizando a perda embrionaria, pelo fato de que o cultivo, a
maturacdo dos o0citos e a fertilizagdo sdo realizadas em ambiente propicio para o melhor
desenvolvimento do embrido, e que a transferéncia para a fémea receptora é realizada
apenas com 7-8 dias, fase em que o embrido é menos susceptivel ao estresse térmico
(Ferro et al., 2010; Fialho et al., 2018).

Em experimento realizado por Al- Katani et al. (2002) os autores observaram que
a produgéo in vitro com a posterior transferéncia de embrides melhorou a fertilidade das
vacas leiteiras em estresse térmico quando comparadas com vacas submetidas a
inseminacdo artificial. Mostrando que, os melhores resultados foram decorrentes das
condigdes adequadas que a producdo in vitro proporciona de ambiente, temperatura e
meios e que a transferéncia s6 ocorre quando os embrides ja se encontram mais resistentes
ao estresse térmico.

Carneiro et al. (2019) avaliaram o efeito da estacdo do ano (verdo/inverno) na
Bahia, sobre a qualidade oocitéria de bovinos e constataram que 0s oécitos dos animais
analisados no verdo foram menos vidveis (10,2% vs. 42,8%) e tiveram maior
porcentagem de odcitos desnudos e de grau Il (indesejavel para producgdo in vitro).
Resultados estes devido ao ambiente em que os animais foram submetidos, pois
ambientes quentes alteram propriedades bioldgicas e quimicas dos odcitos interferindo
na organizacao dos microtubulos, proteinas e do fuso meiotico, modificacdes estas que
podem interferir nas taxas reprodutivas durante a fecundacgéo in vitro. Sendo assim os
autores concluem que a implementar a PIVE em localidades de clima quente pode trazer

maiores taxas de sucesso nas demais etapas da PIVE.

10. Parametros bioquimicos

10.1 Ureia
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A ureia é uma substancia sintetizada no figado resultante do catabolismo de
aminoacidos e no caso de ruminantes também da reciclagem de aménia do figado
(Wankar and Yadav, 2018).

A concentracdo de ureia no sangue pode aumentar por diversos fatores, como:
dieta com excesso de proteina ou de fontes de nitrogénio proteico; deficiéncia de energia
resultante de diminuigdo da utilizacdo de nitrogénio pelo rimen; e pela maior perda de
agua, resultante muitas vezes das elevadas temperaturas em que 0s animais estdo
submetidos, podendo ser utilizada como parametro de desidratacdo (Marai and Haeeb,
2010)

Vacas em estresse térmico, como ja explicado anteriormente podem entrar em
BEN, e pode ocasionar maior catabolismo de proteinas enddgenas para que a lactacéo
seja mantida, fazendo com que as concentragdes de ureia e creatinina, albumina e proteina
sanguinea aumentem. O aumento desses componentes é geralmente acompanhado de
elevacdo nos valores de hematocrito (Ferreira et al., 2009)

A diminuicdo da ingestdo de matéria seca durante o estresse térmico, diminui
também o tempo de ruminacdo e consequentemente a motilidade e a taxa de passagem
dos alimentos, sendo assim os alimentos ficam mais tempo no trato gastrointestinal o que
possibilita maior degradacdo da proteina (Wankar and Yadav, 2018).

Em pesquisa realizada por O’Brien et al. (2010), sobre os efeitos do estresse
térmico em bezerros, 0s autores submeteram os animais a dois tipos de ambiente:
termoneutro com temperatura variando de 18 a 20 °C e ambiente com temperaturas
variando de 29,4 a 40 °C. O grupo de animais estressados apresentou reducédo de 12% do
consumo médio diario quando comparados ao grupo controle e tiveram aumento
significativo de 75% dos niveis de ureia no sangue, explicado como ineficiéncia de
incorporar o nitrogénio microbiano do ramen, pois o estresse térmico pode alterar 0s
padrdes de fermentagédo ruminal.

Por outro lado, nenhum resultado significativo foi encontrado para valores
sanguineos de ureia, albumina e creatinina, em animais Angus e Romosinuano no periodo
em que foram submetidos ao estresse térmico por 14 dias em ambiente variando de 26 a
36 °C. De acordo com os autores, uma das causas do aumento dos niveis sérios de ureia
é a desidratacédo, que no caso, ndo aconteceu, pois, ndo houve restri¢do hidrica durante o
estudo (Scharf et al., 2010).

11. Triglicerideos, colesterol e HDL
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O colesterol advém de duas fontes: a exdgena proveniente da alimentacdo, e a
endodgena, advindo principalmente do figado, a partir do acetil-CoA, e do intestino. Seu
funcionamento é comedido por dois hormonios glicocorticoides, a insulina e o glucagon.
Possui a funcdo de compor as membranas celulares e precursdao de horménios esteroides
e sexuais (Kaneko et al., 1997). Suas concentracGes séricas podem variar de acordo com
a idade, producado leiteira, estresse térmico e lactacdo (Uribe-Velasquez et al., 1998).

A lipoproteina de alta densidade (HDL) em bovinos, corresponde a 80% do total
das lipoproteinas do plasma, sendo sintetizada no figado e intestino (Kaneko et al., 2008).
Os triglicerideos sdo a principal reserva de gordura dos animais. A maior parte da sua
sintese é realizada pelo figado, porém pode ser gerado pela glandula maméria, intestino,
pelo préprio tecido adiposo e pelos rins. Assim, como o colesterol, os triglicerideos sao
regulados pela insulina e glucagon (Kaneko et al., 2008).

As concentracdes sanguineas de colesterol, HDL e de triglicerideos sdo menores
em animais estressados termicamente. Essa diminui¢do pode ser decorrente de menor
concentracdo de acetato (precursor da sintese de colesterol); pelo aumento da insulina,
pois esta dificulta a mobilizacdo de tecido adiposo; ou por maior liberacdo de cortisol,
pois o cortisol utiliza o colesterol como precursor (Marai and Haeeb, 2010).

Em estudo realizado sobre a influéncia do estresse térmico em ovelhas, os autores
relataram que, 0s animais submetidos ao maior estresse (ITU>84) apresentaram valores
mais baixos de colesterol e triglicerideos, quando comparados aos animais submetidos a
menores indices de temperatura e umidade (ITU<65). Essa reducdo foi resultante de
menor consumo alimentar, pela diminui¢do dos horménios tireoidianos e do aumento do
cortisol (Singh et al., 2016).

Scharf et al. (2010) compararam duas ragas de bovinos, Angus (AG) e
Romosinuano (RO), sobre ambiente termoneutro (18 a 21 °C) e ambientes com altas
temperaturas (26 a 36 °C) e concluiram que os animais ndo possuiram diferencas
significativas de colesterol (AG 64,11 e RO 58,01 mg/dL) e triglicerideos (G 15,22 e RO
15,64 mg/dL), quando em ambiente termoneutro, porém, em ambiente quente os animais
da raca Romosinuano apresentaram valores mais baixos de colesterol (RO 64,88 vs. AG
91,55), mostrando que o colesterol € influenciado pelo grau de estresse térmico, e que
estes ndo sofreram estresse como a outra raga, mostrando também que algumas ragas séo

mais termotolerantes que outras.
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12. Efeitos do estresse térmico sobre parametros de producdo e composi¢ao do
leite
12.1 Produtivos

Vacas leiteiras, principalmente as de alta producdo, expressam melhor seu
potencial produtivo se estiverem dentro de sua zona de conforto térmico. O aumento de
apenas 1 °C acima da sua temperatura critica superior, acarreta uma série de mecanismos
que tem como uma das consequéncias a reducdo da producdo leiteira (Staples and
Thatcher, 2011). Sendo o estresse térmico responsavel por 35% da producéo leiteira
(Baumgard and Rhoads, 2012).

Segundo Cowley et al. (2015) a diminuicéo da producéo leiteira acontece por dois
motivos: a diminuicdo do consumo de rac¢do ou por mecanismos fisioldgicos de adaptacao
do organismo. Segundo 0s mesmos autores, em estudo com vacas climatizadas
progressivamente, estes encontraram queda na producdo leiteira de 20% nos animais
estressados, porém, este resultado ndo se deu somente sobre efeito da ingestdo de
alimentos, mas também pelo desvio de nutrientes para outros tecidos e menos para a
glandula mamaria, como mecanismo de regulacéo e adaptacdo do organismo ao estresse
térmico.

Sendo assim, 0 uso de mecanismos que minimizem o estresse térmico e ndo
comprometa a producdo leiteira se torna essencial para a atividade (Bernabucci et al.,
2014). Em estudo com vacas da raca Holandés, submetidas ao estresse térmico em
cameras bioclimaticas associadas a ventiladores (ventilacdo continua; por 8 horas das 11
as 19 h; e por 8 h durante a madrugada, das 23 as 7 h), constou-se que 0 grupo de animais
submetidos a ventilacdo continua tiveram maior producdo de leite. Mostrando-se assim
mais uma vez o beneficio de sistemas que reduzam o estresse térmico dos animas (Spiers
etal., 2018).

12.2 Composicéo do leite
A diminuigdo nos teores dos componentes do leite como a gordura, proteina e
solidos totais também € observada em animais em estresse térmico, causadas
principalmente pela redugdo da ingestédo de alimentos.
Uma das provaveis causas da reducdo da concentracao de gordura € consequéncia
da variacdo da ingestdo de volumosos, o que modifica a relagcdo de acetato/propionato,
alterando a composicao leiteira (Cowley et al., 2015). Porém, segundo Staples e Tratcher

(2011) a diminuicéo dos teores de gordura no leite pode ser evitada se os animais forem
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alimentados com dieta contendo 65% de forragem, caso contrario, pode ocorrer a
modificacdo do perfil de &cidos graxos de leite, sendo os &cidos graxos de cadeia longa
aumentados e os de cadeia curta diminuidos. A reducdo na ingestdo de alimentos também
estd associada com a diminuicdo na concentracdo de proteina no leite, em consequéncia
de um menor consumo de proteinas, e leva a diminui¢do na sintese de proteina microbiana
no rimen (Staples and Thatcher, 2011), porém, uma desidratacdo leve pode aumentar 0s
niveis de proteina e albumina (Garcia et al., 2015). Por outro lado, 0 aumento da ingestao
de &gua por animais estressados termicamente traz como consequéncia maior diluicdo
dos solidos totais do leite (Ricci et al., 2013).

O estresse térmico também pode causar maior vulnerabilidade no sistema
imunoldgico dos animais, tendo como uma das consequéncias maior incidéncia de
mastite, que estd associado a elevacdo na contagem de CCS, pois altas temperaturas e
umidade aumentam a proliferacdo de microrganismos e assim ha maior vulnerabilidade
para infeccBes. A lactose é o componente do leite que sofre poucas alteragGes, porém,
vacas com CCS alto reduzem a concentracdo de lactose, pois, sua sintese é diminuida
pelas glandulas mamarias, levando a menor producao leiteira dado que a lactose atua
como regulador osmético do volume do leite (Ludovico et al., 2015).

Diminuicdo nos niveis de célcio e potassio também podem ser observadas, sendo
0 potassio um ion com perda exponencial, por ser o principal eletrélito perdido pelo
ruminantes atraves do suor (Cerutti et al., 2013).

Bernabucci et al. (2014) analisaram aproximadamente 1,5 milh&o de registros de
composicdo do leite proveniente de mais de 191 mil animais, de 484 fazendas na Italia,
durante 35 estacdes meteoroldgicas e relataram que durante o periodo de verdo os valores
de gorduras, proteinas, sélidos totais e de fragdes da caseina foram menores quando
comparados ao inverno, fatos que também resultaram em piora na coagulacdo do leite
prejudicando a fabricacdo queijeira.

Ja Cerutti et al. (2013) relataram que ndo houve diferenca para nenhum dos
componentes do leite entre os grupos de animais submetidos ao uso de sombreamento e
aspersdo antes da ordenha ou ndo, fato justificado pelo pouco tempo de climatizagéo
recebida pelos animais. Porém, mesmo assim nos animais que tiveram acesso a sombra e

aspersdo apresentaram melhores parametros de frequéncia cardiaca, retal e respiratoria.

13. Estratégias para amenizar os efeitos do estresse térmico em bovinos leiteiros
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Entre as principais estratégias para melhor controle do estresse térmico podem-se
citar o manejo nutricional, cruzamentos, protocolos reprodutivos como ja visto e
mecanismos de resfriamento, sendo, sombreamento natural e/ou artificial, uso de agua e
ventilacdo, Porém, para que seja tomada a melhor escolha para uma propriedade, deve-se
levar em conta as necessidades dos animais, o gerenciamento dos proprietarios, do capital
a ser investido e da regiéo a ser aplicada.

13.1 Mecanismos diminuidores de estresse térmico
13.1.1 Sombreamento

O uso de sombreamento, seja ele natural ou artificial, entra como alternativa de
controle para reduzir os efeitos nocivos que o estresse térmico possa causar, sejam eles
na reproducdo, producéo, ou na satde dos animais, e deveriam ser 0 primeiro passo a ser
realizado pelos produtores (Barbosa et al., 2004).

Barbosa et al. (2004) avaliaram os efeitos da sombra natural e artificial e asperséo,
sobre as respostas fisioldgicas e produtivas de vacas leiteiras da raca Holandés, no verao,
e concluiram que a utilizacao de diferentes tipos de sombra para 0s animais € um meio
eficiente de se aumentar o conforto térmico dos animais. Eigenberg et al. (2010)
estudaram diferentes tipos de materiais de sombreamento e concluiram que todos os
materiais testados propiciaram melhores condicdes de bem-estar aos animais em
comparacdo a nenhuma disponibilidade de sombra.

Sendo assim, 0 uso de sombreamento, seja ele natural ou artificial, oferecem boas
condigOes para a criagcdo de animais leiteiros, principalmente nas horas mais quentes do
dia (Rodrigues et al., 2010).

13.1.2 Sombreamento natural

Sombras naturais, realizadas por arvores, favorecem oOtimo microclima e
conseguem diminuir a incidéncia de radiacdo solar em até 30% dependendo da espécie,
podendo diminuir em ambientes tropicais sob sua copa cerca de 4 °C e, em contrapartida
ao sombreamento artificial, proporcionam maior umidade de ar favorecendo o bem-estar
aos animais (Alves et al., 2015).

Arvores destinadas ao sombreamento devem possuir determinadas caracteristicas,
como: resiliéncia, fornecimento de sombra de qualidade, qualidade de copa, tamanho
minimo para boa projecdo de sua sombra, folhas perenes, tempo de crescimento rapido e
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ndo devem possuir frutos grandes que possam ser engolidos pelos animais e assim
engasga-los (Souza et al., 2010).

Gurguel et al. (2012) testaram diferentes exemplares arboreas (pau-de-terra-da-
areia, chico-pires e copaiba) sobre indices de conforto térmico, ITU, ITGU, e CTR. A
selecdo das espécies foi de acordo com a sombra, altura da copa, idade, tamanho de frutos,
folhas, cascas e raizes. Os autores concluiram, que a &rvore de copaiba foi superior nos
testes realizados nos diferentes indices de conforto, retendo cerca de 26% da radiacéo,
mostrando-se uma 6tima opc¢do para diminuicdo dos efeitos do estresse térmico nos
animais.

Ferreira et al. (2014) analisaram respostas fisiolgicas e comportamentais de
vacas em relacdo a diferentes disponibilidades de sombreamento, sendo os tratamentos:
sem sombra; sombra Unica; bosque; e arvores dispersas. Os autores relatam que 0s
tratamentos bosque e arvores dispersas apresentaram melhores valores para o pastejo,
ruminacdo, consumo de agua e menores valores de temperatura retal e frequéncia
respiratoria. Mostrando, assim, que a inclusdo de sombreamento natural na pastagem para
0s animais diminui o estresse calorico trazendo beneficios ao animal e economicamente
ao produtor.

Resultados positivos também foram encontrados por Veissier et al. (2018) sobre
os beneficios do sombreamento em pastagens. Os autores relataram que o uso de arvores
associadas a telas, proporcionou maior conforto aos animais quando comparadas ao grupo
controle proporcionando menores valores de frequéncia respiratoria, temperatura retal e

concentracgéo de cortisol no leite.

13.1.3 Sombreamento artificial

O sombreamento artificial a pasto entra como medida principalmente para animais
especializados, podendo ser utilizado em piquetes, ser fixo ou modvel, estar em salas de
espera pre e pos ordenha (Cerultti et al., 2013)

As estruturas a serem utilizadas para a construgdo do sombreamento artificial
podem advir de diferentes materiais, como, telas de polipropileno, pilares de eucalipto,
palhas, fibrocimento, telhas galvanizadas e de ferro (Souza et al., 2010). Ainda ha poucas
informagdes sobre qual o valor de area minima de sombra ideal para bovinos, porém, essa
pode variar de acordo com as diferentes racas, sexo e idade. De acordo com Alves et al.
(2015) um bovino deitado ocupa uma area de cerca de 1,8 m2, e que sombras proximas a

esse tamanho sdo insuficientes, principalmente em ambientes tropicais, ja sombras que
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variam de 5,6 e 9,6 m?2 seriam suficientes para que 0s animais possuissem ao seu redor
cerda de 0,5 a 1 m, o que ja seria suficiente para que ndo houvesse competicdo e
dominéncia pelos animais.

O material mais utilizado para sombreamento artificial € o sombrite (tela de
polietileno) este possui baixo custo e diferentes potenciais de retencdo de radiagéo, sendo
a malha com 80% de protecéo a mais utilizada (Conceicéo et al., 2008).

A utilizacdo de instalacdes, seja ela de diferentes materiais proporciona melhorias
nas respostas fisioldgicas dos animais, principalmente animais de alta producdo e em
ambientes tropicais. Conceigdo (2008), em estudo sobre sombreamento de novilhas,
utilizando telhas galvanizadas, fibrocimento e tela de polipropileno, sobre os aspectos
fisioldgicos dos animais, concluiu todas diminuiram o estresse térmico dos animais,
porém a telha de fibrocimento apresentou melhores resultados.

Schutz etal. (2011) avaliaram a preferéncia de vacas da raca Holandés por sombra,
aspersdo e condi¢des ambientais. Os autores constataram que apesar dos parametros
fisioldgicos dos animais serem menores durante a aspersdo, a preferéncia de uso pelos

animais foi significantemente maior pela sombra (62 versus 38%).

13.1.4 Ventilacéo
A ventilacdo, sendo ela natural ou artificial (realizada por ventiladores), é de
grande importancia, pois, promove a remoc¢ao da umidade, dispersdo de gases, renova o
ar e ajuda na dispersdo do excesso de calor, fato este que influencia na diminuicéo do
estresse térmico, principalmente nas horas mais quentes do dia. O uso da ventilacdo
forcada geralmente estd associada com algum sistema de resfriamento adiabatico

evaporativo (Pinheiro, 2012).

13.1.5 Sistema de resfriamento adiabatico evaporativo (SRAE)

O uso de sistemas de resfriamento animal utilizando agua é relativamente novo.
Estratégias com o uso de sistemas bloqueadores de radiacdo como telas e telhas e 0 uso
de ventiladores muitas vezes se mostravam ineficientes no controle da homeotermia, o
que levou a necessidade de criacdo de mecanismos que utilizassem agua, muitas vezes
com associacdo de ventiladores para melhor ambiente e conforto animal fossem
realizados (Wolfenson and Roth, 2018).

Os sistemas de resfriamento adiabaticos evaporativos (SRAE) sdo mecanismos

artificiais e ttm como objetivo umidificar ou molhar o ambiente em que o animal esta
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inserido (pasto ou confinamento) ou o proprio animal, resultando assim em melhora no
ambiente, e consequentemente trazendo maior sensagdo de conforto e bem-estar aos
animais (Wolfenson and Roth, 2018).

O SRAE pode ser classificado em trés tipos, baseados na pressao e no tamanho de
suas gotas. Sendo eles: “MIST” nebulizagdo de baixa e média pressdo; “FOG”
nebulizacdo de alta pressao; e “SPRINKLING” sistema de aspersdo. Os sistemas também
podem ser associados ao uso de ventilacdo forcada (Pinheiro, 2012).

O sistema de “MIST” e “FOG” diminuem a temperatura do ar através de
minusculas gotas de &gua que pairam sobre a superficie do ar. Em sistemas de criacdo a
pasto e em ambientes de clima quente esses sistemas nao séo eficientes, pois, as goticulas
evaporam antes mesmo de melhorarem o microclima ou os animais, sendo recomendado
para ambientes fechados, ja sdo utilizados em grande namero (Perissinotto et al., 2003).

Por outro lado, o sistema de “SPRINKLING” ou aspersdo, por ter maior tamanho
de gotas de agua, molha mais eficientemente a pelagem dos animais, propiciando em
maior rapidez a perda de calor do animal para o ambiente (Pinheiro, 2012). O uso de
aspersores para animais também traz beneficios quanto a diminuicdo do numero de
insetos nos animais e diminuicdo do ato de tremores e de abano de cauda (Schiitz et al.,
2011).

De um modo geral, a utilizacdo de algum desses tipos de resfriamento, nao so
melhora aspectos fisioldgicos e produtivos, mas também reprodutivos, sendo estratégicos
para diminuir o estresse térmico de vacas, podendo aumentar a taxa de gestacao, devendo
ser utilizado em todo estagio gestacional (Hansen, 2009; Wolfenson and Roth, 2018).

O estudo da eficiéncia de diferentes sistemas adiabaticos evaporativos sobre
parametros produtivos fisiologicos e reprodutivos dos animais é estudado de longa data.
Igono et al. (1988) estudaram a utilizacdo de asperséo e ventilacao na area de alimentacéao
de vacas leiteiras sobre parametros produtivos e fisiologicos. Os resultados mostraram
que, a temperatura retal dos animais que estavam sobre aspersao e ventilagdo foi menor
do que os animais que estavam somente na sombra, e estes também produziram a cerca
de 2 kg a mais de leite por vaca ao dia, sugerindo assim que a utilizacdo de aspersdo ¢ um
meio lucrativo ao produtor e favorece maior conforto aos animais.

Perissinotto et al. (2003) estudaram a eficiéncia do sistema de asperséo e de
nebulizacdo associados com a ventilagdo em um estabulo e concluiram que, ambos os
sistemas mantiveram o ambiente em condi¢des ideais para 0s animais, porém, o sistema

de aspersdo aumentou a producdo de leite em 8% em comparagdo ao sistema de
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nebulizacdo (21,1 litros/vaca versus 19,5 litros/vaca), resultado obtido porque o sistema
de aspersédo tem a finalidade de molhar o animal, enquanto o de nebulizacdo acaba
atuando mais sobre o0 ambiente, sendo que o sistema de asperséo oferece melhor sensagédo
de bem-estar.

Tao et al. (2011) encontraram valores menores de temperatura retal (39 vs. 39,4
°C), frequéncia respiratoria (45,6 vs. 78,4 mov./min-1), maior de producéo de leite (33,9
vs. 28,9 kg/dia) e menor quantidade de células somaticas (2,94 vs.3,35) no grupo de vacas
submetidos a aspersdo e ventilagdo quando comparadas ao grupo controle. Os animais
resfriados ndo diminuiram a ingestdo de matéria seca e tiveram maior proliferacdo de
células mamérias (3,3 vs. 1%), mostrando que sistemas de resfriamento adiabaticos
promovem maior desenvolvimento da glandula mamaria e de conforto e bem-estar para
vacas leiteiras durante o periodo seco.

Em contrapartida, em estudo realizado por Schutz et al. (2011) sobre a preferéncia
de vacas entre, aspersdo, sombra e o ambiente (controle), os animais mostraram
preferéncia de utilizacdo da sombra sobre os outros ambientes testados, porém, os

melhores parametros fisiol6gicos encontrados foram no sistema de aspersao.
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1. OBJETIVO GERAL

O objetivo geral deste trabalho foi estudar e avaliar a influéncia de diferentes
sistemas destinados a promocdo da reducdo do estresse térmico sobre parametros
metabdlicos, fisioldgicos, sanguineos, hormonais, reprodutivos e comportamentais de
vacas lactantes e novilhas puberes das racas Holandés e Jersey criadas a pasto, em

ambiente tropical.

OBJETIVOS ESPECIFICOS
Artigo I:

Avaliar os efeitos da utilizacdo de sistemas destinados a promocao da reducéo de
estresse térmico a pasto sobre vacas lactantes e novilhas puberes de diferentes racas sobre
parametros climaticos, fisiologicos (frequéncia respiratoria e temperatura de pelame)
retal) e comportamentais (utilizacdo, preferéncia e procura dos sistemas)

Artigo 11:

Avaliar os efeitos da utilizacdo de sistemas destinados a promocao da reducéo de
estresse térmico a pasto sobre vacas lactantes e novilhas puberes de diferentes ragas sobre
parametros climaticos, fisiologicos (frequéncia respiratoria, temperatura de pelame e

temperatura retal), leiteiros (qualidade e producdo de leite), e producdo in vitro.

Artigo I11I:
Avaliar os efeitos da utilizacéo de sistemas destinados a promocao da reducéo de
estresse térmico a pasto sobre vacas lactantes e novilhas paberes de diferentes ragas sobre

pardmetros sanguineos (hormonais, minerais, sanguineos, lipidicos e metabdlicos).
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I.  Influence of different heat-stress-reducing systems on physiological, behavioral
responses and social dominance of Holstein and Jersey cows and heifers on pasture

(Applied Animal Behaviour Science)

Abstract

The influence of different heat-stress-reducing systems on the physiological, behavioral, and
preferential responses of Holstein and Jersey cows and heifers on pasture was evaluated. Twelve
animals were used and distributed in four 3x3 Latin squares (Holstein cows; Jersey cows; Holstein
heifers; Jersey heifers) all run in the same time, in a 3x2x2 factorial arrangement comprising
three treatments (sprinklers + artificial shade (Tspr); showers + artificial shade (Tsho); and
artificial shade (Tas)); two breeds (Holstein and Jersey); and two physiological stages (lactating
cows and pubertal heifers). The following parameters were evaluated: respiratory rate; coat
surface temperature; frequency and duration of use of the systems; behavior (lying idle, standing
idle, rumination, grooming, and grazing); and climatic data (air temperature, air humidity and
temperature-humidity index (THI)). The behavioral parameters ‘standing idle’ and ‘grazing’ were
influenced by the treatment. Breed patterns influenced lying idle, rumination and grooming
behaviors. The frequency and duration of use of the systems were affected by treatment and age
group, being higher for the sprinkler and shower systems (184 and 178 min, respectively)
compared to the artificial shade (control) (68 min) and for cows (205 and 7 visits respectively)
compared to heifers (82 and 3 visits, respectively). The regression analyses showed a positive and
significant correlation between respiratory rate and coat surface temperature in relation to the THI
of the treatments. The results of this study indicate that age and breed may influence the analyzed
variables and that the systems that used water (sprinkler and shower) promoted better behavioral
and physiological parameters in animals than the use of artificial shade only, as a consequence of
greater mitigation of the deleterious climate effects, and are thus recommended for use in warm
climate environments.

Keywords: behavior, cow, pasture, physiological thermal stress.
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1. Introduction

The weather affects the behavior, physiology, and welfare of animals, especially in
tropical countries during the summer (Legrand et al., 2011). The excess heat increases body
temperature (Kaufman et al., 2018) and respiratory rate (Nascimento et al., 2019) and reduces
food intake (Staples and Thatcher, 2011), milk production (Bernabucci et al., 2014), and
reproductive parameters, and may in extreme cases lead to death (Wolfenson and Roth, 2018)

To reduce overheating, mitigation measures can be taken, one of which is allowing access
to shade (Legrand et al., 2011). Shade can be created using a variety of materials and has the
purpose of reducing direct solar radiation, favoring a better microclimate (Kamal et al., 2018). An
increase in air temperature motivates animals to use and compete for shaded places and such
behavior is considered a valuable mechanism for reducing body temperature (Schitz et al., 2011,
Tucker et al., 2008), but is often inefficient at reducing excess heat. The use of water to cool the
animals is more efficient at reducing heat than shade (Schitz et al., 2011) because water has a
high latent heat of evaporation and when evaporating it takes with it a large amount of heat
(National Research Council — NRC, 2010). The outcomes following cooling with water include
an increase in feed intake and milk yield (Chen et al., 2016), and a reduction in respiratory rate,
body temperature, the number of insects and the number of movements of hooves and tails
(Schiitz et al., 2011).

The study of systems that use water to reduce thermal stress experienced by animals is
long-standing, mainly in feedlot systems, where water is frequently used in the trough line. For
example, Igono et al. (1988) studied the use of sprinklers plus ventilation in the trough line on
physiological and productive responses and concluded that animals that were sprinkled with more
ventilation had better rectal temperatures and produced 2 kg more milk per day when compared
with animals with access to shade only. Tao et al. (2011) tested the combination of spraying and
ventilation versus no air conditioning and found a better rectal temperature (39 vs. 39.4 °C),
respiratory rate (45.6 vs. 78.4 mov/min) and milk production (33.9 vs. 28.9 kg/day) for the group
of cows subjected to spraying and ventilation. However, Schutz et al. (2011) studied the

behavioral preference of cows for sprinklers, shade, and the control environment (no shade or
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sprinklers) and found a preference for shade over sprinklers and the control environment;
however, the authors reported that the best physiological parameters were found in the sprinkler
system.

The use of water on animals on pasture is relatively new (Wolfenson and Roth, 2018) and
data are scarce. Therefore, our objectives were to examine the influence of different thermal stress
reduction systems on pasture (sprinklers, showers, artificial shading and their combinations)
during the hot season, in a tropical country, and to evaluate the preference for and behavior of
animals in these systems. We predicted that sprinklers and showers would be more efficient at
reducing the thermal load and consequently would improve physiological, comfort, and welfare
results and that lactating, and Holstein animals would have a greater need to use the systems with

water.

2. Material and Methods
Local and duration

The experiment was carried out from October to November 2018 (Southern Hemisphere
spring) at Fazenda Experimental de Iguatemi (FEI), a property belonging to the State University
of Maringa (UEM).
Weather

According to the Kdppen classification, the climate is humid subtropical mesothermal
(Cfa) with hot summers and centralized rains. During the experimental period there was no rain

and the average temperature was 26 ° C.

Animals, handling and feeding

Twelve animals were selected for this study: three Holstein multiparous cows (600+30
kg, 53£11 months of age, and average milk yield of 27+3.5 kg of milk/day between the third and
fourth month of lactation), three multiparous Jersey cows (370+11 kg, 40+6 months of age, and

average milk yield 11+1.5 kg of milk/day between the fifth and seventh month of lactation), three
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Holstein heifers (325125 kg, 16+0.6 months of age) and three Jersey heifers (25025 kg and
13+0.6 months of age). The animals were previously identified using necklaces and earrings to
facilitate observation from a distance and data collection. However, as in each paddock there was
only one animal from each Latin square (Holstein cows; Jersey cows; Holstein heifers; and Jersey
heifers), identification by the difference in sizes was easily accomplished.

The animals were kept in paddocks of Cynodon plectostachyus pasture (17% protein and
53% neutral detergent fiber) of similar areas (approximately 2780 m?), where the systems to be
tested were installed. The lactating cows were milked twice daily, at approximately 6 am and 3
pm, then fed with silage (8% crude protein and 50% neutral detergent fiber) and concentrate (26%
crude protein and 10% neutral detergent fiber) and released back into the paddocks. The heifers
were fed on pasture with silage (8% crude protein and 50% neutral detergent fiber) and total
concentrate (25% crude protein and 15% neutral detergent fiber) while the cows were milked, so

that they did not interfere with the heifers’ feed intake.

Design and experimental treatments

The experimental design consisted of four (3x3) Latin squares (the Latin square referring
to Holstein cows, Jersey cows, Holstein heifers and Jersey heifers) all run in the same time, in a
3x2x2 factorial arrangement comprising three treatments (sprinklers + artificial shade; showers +
artificial shade; and artificial shade); two breeds (Holstein and Jersey); and two physiological
stages (lactating cows and puberty heifers) with three experimental periods of 14 days (11 days
for adaptation and 3 days for measurement of environmental conditions, physiological and
behavioral parameters, and the frequency of use of the cooling systems).

The systems were (Figure 1): treatment with sprinklers + artificial shade (Tspr), in
paddock 1; treatment with showers + artificial shade (Tsho), in paddock 2; and treatment with
artificial shade (Tas), in paddock 3. All paddocks had the same artificial shading system at one
end, comprising eucalyptus beams in which iron-based structures were fixed (3.5 m tall in total)
with synthetic fabric (artificial shade) providing 80% solar retention, which guaranteed a shaded

area of 16 m2 (4x4). The sprinkler systems and showers were installed in two of the paddocks on
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iron structures of 8 m2 (4x2 m) on a cement base. Access to sprinklers and showers was possible
freely on all four sides of the structure. Both systems were powered by a 10,000-liter water tank
and a 2.5 horsepower electric water pump. When the animals passed or positioned themselves
under the systems, Intelbras presence sensors (model VP 3000 PET) sent information to a relay
(electromechanical switch) that opened the valves, releasing water to the sprinklers and showers.
The sprinkler system had six volcano sprinklers with a flow rate of 8 liters/minute. The shower
system had 6 simple showers with a flow rate of 12 liters/minute. When the animals left the

sensors’ range, the relays closed the water valves, ceasing the release of water into the systems.

Environmental conditions

Table 1 summarizes the environmental conditions collected during the experiment. We
measured: air temperature (T; °C), relative humidity (RH; %) and solar radiation (R; W/m?) by a
digital Thermo hygrometer with an anemometer and in the FEI weather station, every half hour
during the collection days. With the data obtained, the Temperature and Humidity index (THI)
was calculated:

THI =T+ 036xTdp +41.2

where: T is the air temperature (°C) and Tdp the dew point temperature (°C) (Thom, 1959).

Physiological parameters

Physiological parameters such as respiratory rate (RR; breaths/min) and coat surface
temperature (CS; °C) were measured every half hour on the sample collection days from 9 am to
6:30 pm, except at the time of milking, in all animals. The RR was obtained by counting the flank
movements for one minute, and the coat surface temperature (CS; °C) was measured using a
thermal camera (Fluke Til00 Infrared Thermal Imaging Camera), taking a measurement

approximately one meter away from the animals.

Behavior
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The behavioral patterns of each animal were analyzed every half hour on the sample
collection days from 9 am to 6:30 pm, except at the time of milking, in all animals by trained
observers who took notes on specific worksheets. Behaviors were classified as: grazing (Gra) (the
animals were considered to be eating if feed grass was being ingested or could be seen in the
mouth); ruminating (Rumi) (defined as chewing movements without fresh feed in the mouth,
regurgitation of feed or both); standing idle (SI) (the animals were considered to be standing idle
if standing without performing other activities); lying idle (LI) (the animals were considered to
be lying idle if their flank was in contact with the ground); and grooming (Groo) (characterized

by intentional contact by the animal with objects, itself or another animal).

Duration and frequency of use

The frequency and duration of use of the systems were recorded continuously 24 h/day
for 3 days in each period using video cameras (HDCVI Intelbras 720p) installed in each paddock.
All cameras were connected to a digital video recorder with surveillance software (Intelbras®
DVR 3016).

The frequency of use of sprinkler and shower systems was defined as the number of visits
to the systems and consequently, activation of these systems in response to the animal being
positioned with the range of the sensors for more than 1 second. The frequency of use of artificial
shading was determined visually by trained evaluators during filming and required the animal to
be in the shaded area for more than 1 second. The duration of use of the systems was measured
by trained evaluators as the difference between entry to and exit from the systems, be they
sprinklers, showers, or artificial shading.

The data obtained were analyzed in the following ways:

— Systems: use of sprinkler + artificial shading, in paddock 1; shower + artificial shading, in
paddock 2; and only artificial shading, in paddock 3.

— Comparison between the structures of the same paddock: sprinkling vs. artificial shading, in
paddock 1; shower vs. artificial shading, in paddock 2; artificial shading in paddock 3.

— Time of day: 9am to 11 am; 12 pm to 3 pm; and 4 pm to 6 pm.
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Statistical analysis
The data were analyzed using the MIXED procedure of the SAS (Statistical Analysis
System, 9.3) and when there were interactions between the factors, Fisher's least significant
difference test (LSD) was used to identify the interaction.
Behavior, duration of use and frequency of use were used in model 1:
Yijklmn= p + Si+ Aj:i+Pk+ Tl4+ BRm + AGn+ T X BRIm + T X AGIn

+ eijklmn

where pc = N (0, 62), a =~ N (0, 62) and eju ~ N (0, 62), and where Yija is the observed value; p
is the general mean; Si is the fixed effect of animal within a square; Aj: i is the random effect of
the animal within each latin square; Pk is the experimental period fixed effect; T, is the treatment
(I=1 and 3) fixed effect; BRm is the breed effect (m=1 and 2); AG, is the age group (n=1 and 2)
fixed effect; TxBRIm is the interaction between treatment and breed fixed effect; TxAGIn is the
interaction between treatment and age group fixed effect; eijklmn is the residual error; N indicates
a normal distribution; and ozz,, o2 and o2 are the variances associated with random effects
associated with period and animal, and residual variance, respectively.
The duration of use and frequency of use data were used in model 2:

Yijklmn = u + Si+Aj:i+Pk+ Tl+ Hm + T X Hlm + eijklm

where p« ~ N (0, 63), ar = N (0, 62) and ejju ~ N (0, 62), and Yij is the observed value; p is the
general mean; Si is the animal fixed effect within a square; Aj: i is the random effect of the animal
within each latin square; Pk is the experimental period fixed effect; T, is the treatment (I=1 and
3) fixed effect; Hj is the hours (n =1 from 9 am to 11 am, n = 2 from 12 to 3 pm, n = 3 from 4
pm to 6 pm) fixed effect; T x Hj is the hours x treatment interaction; Py, is the period (I=1 and 2)
fixed effect; a, is the animal fixed effect; ejum is the residual error; N indicates a normal
distribution; and crg, o2 and a2 are the variances associated with random effects associated with

period and animal, and residual variance, respectively.
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Comparisons between THI, respiratory rate and coat temperature were made through
linear regression adjustment and Pearson's correlation coefficient (r). The adjustment adequacy
was evaluated by the determination coefficient (R2). The level of significance adopted was 5%

(P< 0.05).

3. Results
Environmental conditions
The environmental conditions analyzed during the experimental period are shown in
Table 1. The mean air temperature was 26 °C. The RH during the experimental period was 74%;

the average radiation was 338.2 (W/m?2) and the THI was 73.4.

Behavior

The treatments affected standing idle and grazing behaviors (P<0.05). Animals with
access to water treatments (sprinklers and showers) spent more time standing idle than the animals
provided with artificial shade (184, 188, and 156 min, respectively). Animals with access to
showers spent more time grazing when compared to those with access to sprinklers and artificial
shade (118, 109, and 108 min, respectively) (Table 2).

There was a breed effect on the behavioral activities of lying idle, ruminating, and
grooming (P<0.05) (Table 2). Jersey cows spent more time lying idle (64 vs. 53 min) and
ruminating (111 vs. 109 min) during the hours observed than Holstein cows whereas the latter
spent more time grooming than Jersey cows (28 vs. 23 min, respectively).

The age group and the interactions between treatment x breed and treatment x age group

did not influence the behavioral patterns analyzed (P>0.05).

Duration and frequency of use
Significant differences were found concerning the frequency and duration of use of the
systems by the animals (P<0.05) (Table 3). The animals with access to sprinklers and showers

spent more time using these systems than the animals in the artificial shade group (184, 178m and
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68 min, respectively), and consequently, the frequency of use of these resources was also higher
(7, 7, and 1 visits, respectively).

The duration and frequency of use of the systems were affected by the age group
(P<0.05). Cows used (205 min) and sought out (7 visits) the systems considerably more than the
heifers (82 min and 3 visits).

Significant effects were found for the interaction between the treatment and age group on
the duration of use (P<0.0001). Cows used the sprinkler (270 min) and shower systems (268 min)
for similar amounts of time, and for longer than heifers used the same systems (97 and 89 min,
respectively).

There was an interaction between treatment and age group on the frequency of use of the
systems (P<0.0001). Cows sought out the sprinklers (9 visits) and showers (10 visits) more times
than heifers for the same systems (5 and 4 visits, respectively) and showed a lower frequency of
demand for shading, and this did not differ between breeds (1 visit for cows and 1 visit for heifers).

The time of day influenced the duration of use of the systems during the morning (9 to 11
am), afternoon (12 to 3 pm) and late afternoon (4 to 6 pm) (P<0.05) (Figure 3). The animals used
for the shade system (59 min) for a longer period than the sprinkler system (35 min) and showers
(21 min) during the morning; however, the frequency of use in the morning did not differ between
treatments (P>0.005) (Figure 3). During the afternoon, the animals used and sought out the
sprinkler system (41 min and 2 visits, respectively) and showers (51 min and 2 visits, respectively)
substantially more than the shade system (6 min and 0.2 visits, respectively). During the late
afternoon, the animals used the sprinkler (37 min) and shower systems (32 min) more than the
shade system (2 min); however, the time of day did not influence the frequency of use the systems,
being influenced only by treatments, since the sprinkler (2 visits) and shower (2 visits) treatments
were sought out more often than the artificial shade system (0.1 visit).

Physiological parameters

RR and CS showed a high and significant correlation coefficient (P<0.05) with the THI

(Figure 4) in all treatments. The linear correlation coefficient between the THI and CS for

artificial shading, sprinklers, and showers was R? = 0.8572, Rz = 0.7886, and R? = 0.6672,
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respectively. The linear correlation coefficient between THI and the RR was R2 = 0.7902 for

artificial shading, R? = 0.6286 for showers, and R? = 0.6822 for sprinklers.

4. Discussion
Environmental conditions

The average air temperature was 26 °C, a value considered above the thermal comfort
zone for Holstein dairy cattle, which is 24 °C (Martello et al., 2004), but below the critical limit
of Jersey cows (28 °C) (Nascimento et al., 2019). The RH was 74%, a value considered above the
desired 60 to 70% at which evaporative thermolysis between the animal and the environment is
not harmed (Ferro et al., 2010). Due to the high air temperature and the relative humidity of the
air, the THI values were high (73.4) and considered dangerous to animals, especially for high-

yielding cows, with significant milk losses occurring (Zimbelman et al., 2009).

Behavioural parameters

Standing idle was the activity in which the animals spent most of their time (Table 2).
The treatments that used water (sprinklers and showers) recorded the highest values of standing
idle, a circumstance clarified by the fact that the animals were idle when using the systems in
most cases.

The rumination and lying idle behaviors in the present experiment lasted longest in Jersey
cows. One of the factors that may be related to the longer ruminating time is the fact that these
animals have a smaller mouth than Holsteins, so they spend longer grazing and consequently
ruminating (Aikman et al., 2008). The increase in ruminating time and lying idle is also due to
the greater adaptability of these animals to tropical climates, mainly due to their skin
pigmentation, the size and density of their hair and their higher sweating capacity, which gives
them higher tolerance to heat (Nascimento et al., 2019). Similarly, Aikman et al. (2008) reported
that Jersey cows spent more time grazing and ruminating than Holstein cows because they have

smaller mouths, so they require a larger number of mouthfuls to ingest an equal volume of feed.
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Grazing was the second most common activity. The animals exposed to the shower
system spent the most time grazing. This may have been influenced by the benefits provided by
the showers, including higher heat dissipation and a reduction in the coat surface temperature and
respiratory rate (Figures 4a and 4b), bringing greater comfort to the animals and thus allowing
them to graze for longer.

Grooming was the behavior performed the least frequently by animals and is
characterized by contact, which can be coordinated or not, of short or long duration, initiated by
the animal with objects, itself (the act of licking) or another animal (Alfredo et al., 2013). Holstein
cows performed grooming more frequently than Jersey cows, a fact that can be explained by the
greater tendency to use the systems by the Holstein cows (P = 0.0876) (Table 3), since we
observed that the behavior was mostly carried out on the iron structures where the systems were

installed, showing that the systems also functioned as a form of environmental enrichment.

Duration and frequency of the systems use
When we analyzed the duration and frequency of use of the systems (systems + artificial
shade) we found that the animals spent more time using and seeking out the sprinkler + artificial
shade system (184 min) or the shower + artificial shade system (178 min) than the artificial shade
system (68 min). This preference can be attributed to the greater efficiency in the dissipation of
heat by evaporation, improving the welfare of the animals, especially those raised on pastures.
Figure 2 shows the comparison between the structures within the same paddock
(sprinkling vs. artificial shading, in paddock 1; shower vs. artificial shading, in paddock 2;
artificial shading in paddock 3). It is possible to perceive the preference for systems with water
over artificial shade in the same paddock. This leads us to understand and respect the behavior
and the expression of free choice of animals for systems that provide them with the most comfort
and consequently best welfare. However, these behaviors varied according to the time of day
(Figure 3). The animals started using the systems at 9 am (25 °C and 78% humidity) with the
frequency of use for sprinkler, shower, and artificial shade systems being similar, but with a

longer duration of use of the artificial shade system until 11 am (28.7 °C and 70.76% humidity)
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when the temperature was cooler. After 11 am, the frequency and duration of use was higher for
sprinkler and shower systems than for artificial shade, and this behavior continued until 4 pm (32
°C and 61% humidity). It was also noticed that, from 2 pm to 3 pm, the animals did not seek out
the artificial shade system. This shows us the animals' preference for systems that use water at
times when the air temperature is higher. After 5 pm (32.04 °C and 61% humidity), there was a
decrease in the duration of use of the sprinkler and shower systems, but use remained higher than
that of the artificial shade system. The demand for the systems ceased after 6 pm and there was
no use overnight.

The positioning of the animals in the systems presented specific characteristics. In the
sprinkler system, the animals positioned themselves so that the droplets fell on most of their body,
preferably on the back. In the shower system, the animals positioned themselves so that the water
flow reached the flanks and pelvic region, with a preference for the left side, where the rumen is
located, and where there would consequently be greater heat generation. In the artificial shade
system, the animals presented stereotyped movements, stamping their hooves and moving their
tails repeatedly in response to the water released by the sensors, so the use of artificial shade was
also influenced as a false idea to trigger them.

There was also variation in the duration and frequency of use of treatments according to
age group, since cows used the systems for longer and sought them out more times than heifers.
We believe there are two possible explanations for this. The first assumes that cows were
dominant over heifers (submissive). Dominance in many cases is established by the competition
for resources, often being the product of aggression among animals, and thus determining which
animals will have access to the resource (Val-Laillet et al., 2008). The second possibility comes
from the fact that cows are more sensitive to heat than heifers since milk production increases

metabolic heat (Azevédo and Alves, 2009).

Physiological parameters
There was an increase in the coat surface temperature and respiratory rate with the THI

in all treatments (Figures 4a and 4b). However, although increased, the coat surface temperature
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and respiratory rate in the sprinkler and shower treatments increased the least and were within the
normal range. This shows that even though the THI was high and considered harmful for animals,
the systems mitigated the adverse effects of the climate and the stress conditions, illustrating the
benefits that the water systems brought to animal comfort and welfare (Chen et al., 2016, 2015),
as water has a high caloric capacity and high latent heat of vaporization, thus decreasing elevated
temperatures efficiently and favoring greater exchange of heat between the skin and the

environment (National Research Council — NRC, 2010).

Conclusion

In conclusion, dairy cows preferred to use sprinklers or showers over artificial shade in
ambient conditions. These systems were more efficient at reducing the heat load and led to better
behavioral and physiological parameters. The preference for shade over sprinklers or showers
was more marked during the morning (9 am to 11 am), but as temperature and humidity increased
the preference for systems that use water was higher and almost exclusive, especially in the case

of lactating and Holstein cows because they are more thermosensitive animals.
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Tables

Table 1- Meteorological data collected during the experimental period

76

Variables Mean
Air Temperature (°C) 26
Relative Humidity (%) 74.07
Radiation (W/m?) 338.22
THI? 73.40

1 temperature and humidity index

Table 2- Duration (minutes) of behavioral activities in relation to different pasture heat stress

reduction systems.

Treatments Breed Age group

Sprinkler Shower Ast Holstein Cows? Heifers3 SEM
Standing idle 183.75* 187.92% 156.12° 190.83 176.39 177.22 0.096
Lying idle 48.74 59.17 67.94  53.06" 32.77 83.89 0537
Grazing 108.74> 117.50* 107.92° 99.72 106.66 116.11 0.736
Ruminating 119.16 92.50 118.33 108.88° 14777 72.22  0.089
Grooming 19.71 2541 3042  27.50° 16.55 33.89 0.344

P value
P Treatment P Breed P Age group P Treat* Breed P Treat®
Age group

Standing idle 0.0364 0.8845 0.1992 0.7009 0.9453
Lying idle 0.4256 0.0006 0.9968 0.9441 0.1581
Grazing 0.0435 0.4022 0.3989 0.3259 0.9145
Ruminating  0.7979 <0.0001 0.2037 0.3596 0.9451
Grooming 0.4341 0.0006 0.1829 0.6617 0.9123

tartificial shade; 2lactating cows; 3pubescent heifers. Means followed by the same letter on the

line do not differ from each other by the Tukey test, P <0.05
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Table 3- Duration (minutes) and frequency of use of pasture heat stress reduction systems.

Treatments Breed Age group SEM

Sprinkler Shower Ast Holstein Jersey Cows? Heifers?
Duration 183.50° 178.25* 67.5° 160.00 121.33 204.67*% 81.67° 11.062
Frequency of use 6.57*% 7.0 1.17° 556 439 657° 337° 0.280

P value

P Treatment P Breed P Age group P Treat* Br* P Treat* Ag®
Duration <0.0001 0.0876 0.0004 0.1849 <0.0001
Frequency of use <0.0001 0.290 0.013 0.0566 <0.0001

tartificial shade; 2lactating cows; 3pubescent heifers; “Breed; *Age group. Means followed by the
same letter on the line do not differ from each other by the Tukey test, P <0.05

Table 4- Treatment x breed and treatment x age interactions on duration (minutes) and frequency
of system use.

Age group

Pubescent heifers Lactating cows

Sprinkler Shower Atrtificial shade Sprinkler Shower  Artificial

shade
Duration 97° 89P 59° 2702 2682 76°
Frequency of use 5.08  3.948C 1.17¢ 8.50*  10.06* 1.17°

Means followed by the same letter on the line do not differ from each other by the Tukey test, P
<0.05. Upper case letters for treatment x age group interaction line, and lowercase letters for
treatment x age interaction line.

Table 5- Respiratory rate (mov.min-t) and coat surface temperature (°C) evaluated in different
treatments.

Treatments Breed Age group
Heifers S.E.M

Sprinkler Shower As! Holstein Jersey Cows?

Respiratory rate  64.83% 66.14%° 7522 6570 7162 66.11 7150 1.0873
Hair coat surface® 34.85% 34.62° 35.48" 34.67 3526 3450 3552 0.1499

P value
P Treatment P Breed P Age group P Treat* Br* P Treat* Ag®
Respiratory rate  <0.0001 0.0528 0.0732 0.1483 0.6363
Hair coat surface® <0.0001 0.1150 0.0537 0.1074 0.0843

tartificial shade; 2lactating cows; 3pubescent heifers; “Breed; SAge group; ®Hair coat surface
temperature. Means followed by the same letter on the line do not differ from each other by the
Tukey test, P <0.05
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Figures captions

Figure 1- (a) Sprinkling + natural shade; (b) showers + natural shade; and (c) artificial shade

Figure 2- (a) Duration in minutes of using the systems in isolation and the artificial shade in each

system; (b) Frequency of using the systems in isolation and the artificial shade in each system

Figure 3- (a) Influence of duration (minutes) of use of sprinkler, shower, and artificial shade
systems; (b) Influence of frequency of use of sprinkler, shower, and artificial shade systems

Figure 4- (a) Regression analysis of hair coat surface temperature (°C) of animals subjected to
THI sprinkler + artificial shade, shower + artificial shade and artificial shade systems; (b)
Regression analysis of respiratory rate (mov. Min-1) of animals subjected to THI sprinkler +

artificial shade, shower + artificial shade and artificial shade systems

Figures

Figure 1(a) Sprinkling + natural shad; (b) Showers + natural shade; nd (c) Atificial shade )
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Highlights
1- Thermal stress can influence the physiological and behavioral parameters of animals, inferring
their behavior and welfare.
2- We aimed to develop thermal stress mitigation systems for animals raised on pasture.
3- The animals sought and used the water systems (sprinkler and shower) more often than the
artificial shade system, presenting better behavioral and physiological parameters.

4- Temperature and humidity influenced the demand for systems.
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Summary

Thermal stress of animals raised on pasture

Yamada.

Abstract- Thermal stress is intense among the tropics and affects the physiological,
productive, and reproductive parameters of animals. Therefore, we created devices to
reduce thermal stress in pastures, with the hypothesis that the systems would improve the
physiological, productive, and reproductive parameters of animals, providing more

comfort and welfare to the animals and greater profitability for the producer.

Il.  In-vitro production of dairy cow and heifer embryos is influenced by
pasture heat-stress-reduction systems

(Journal of dairy science)

ABSTRACT

We evaluated the influences of three pasture heat-stress-reducing systems on in-vitro
parameters of Holstein and Jersey cows and heifers. The experiment was conducted at the
Iguatemi Experimental Farm from October to November 2018. Twelve animals were
used, three Holstein cows (600 £ 30 kg of body weight and average milk yield 27 + 3.5
kg day™ in lactation stage between the third and fourth month), three Jersey cows (370 +
11 kg of body weight and average milk yield 11 + 1.5 kg day™ in lactation stage between
the fifth and seventh month), three heifers Holstein (325 + 25 kg of body weight and 16
+ 0.6 months of age) and three Jersey heifers (250 + 25 kg of body weight and 13 + 0.6
months of age), distributed in four 3 x 3 Latin squares in a 3 x 2 x 2 factorial arrangement
with three treatments (artificial shade + sprinkler system; artificial shade + shower
system; and artificial shade (control)), two breeds (Holstein and Jersey), and two

physiological stages (cows and heifers). We determined climatic data (air temperature,
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relative humidity, solar radiation, wind speed, globe temperature, and Heat Load Index
(HLI)), physiological parameters (respiratory rate, coat surface temperature, and rectal
temperature), and in-vitro parameters (oocyte and embryonic aspects). The results allow
us to conclude that the sprinkler + artificial shade and showers + artificial shade
treatments provided better values for respiration rate and coat surface temperature, but all
systems were efficient in maintaining rectal temperature. Sprinkler systems and showers
had a higher positive impact on the number of total oocytes and viable oocytes. It is
evident that the use of these resources associated with in-vitro embryo production is a

strategy to be considered for greater success in this sector.

Keywords: Cattle; Thermal stress; Production; Reproduction; In-vitro production

INTRODUCTION

The combination of high air temperature with high humidity is one of the main
causes of the deleterious effects of thermal stress on the productive and reproductive
indices of dairy cows. This occurs especially in those with high yields (Dash et al., 2016;
Dikmen and Hansen, 2009; Wolfenson and Roth, 2018) and raised in tropical countries
(Liuetal., 2017).

The inability to dissipate excess body heat results in decreased food intake (which
can be reduced by up to 40%) (Staples and Thatcher, 2011), rumination and consequently
in absorption and nutrients, causing hormonal changes that lead to decreased milk
production and quality (Bernabucci et al., 2014).

The reproductive aspects are affected at all levels of the process due to the
decrease of specific hormones. There is a decrease in GnRH, gonadotropin-releasing

hormone, which influences the release of luteinizing hormone (LH) and follicle-
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stimulating hormone (FSH), which have a close correlation, resulting in smaller follicles,
often infertile due to nuclear and cytoplasmic changes, affecting the organization of the
cytoskeleton and microtubulins and preventing the progression of the metaphase Il phase.
This results in reduced maturation and can affect numerous follicular waves (Wolfenson
and Roth, 2018).

Thermal stress also decreases embryonic development as it diverts blood flow
from the uterus to the periphery of the body, also diverting nutrients intended for the
embryo (Wolfenson and Roth, 2018). The early embryonic phases (morula-blastula) are
more sensitive to thermal stress, since the morula-stage embryo does not yet have its
genome activated and does not produce HSP70, the protein responsible for providing
resistance of the embryo to thermal stress (Ferro et al., 2010).

In this context, an important aspect to be analyzed is the need for new
technologies, concerning environmental, genetic, and embryonic reproduction programs
with the aim at minimizing the effects of thermal stress on animals.

Thus, the objective of this study was to analyze the influence of heat stress-reducing
systems on in vitro parameters of dairy cows and heifers of different breeds (Holstein and
Jersey) as well as on physiological stages (lactating cows and puberty heifers). We tested
the hypothesis that thermal stress-reducing systems increase animal welfare, resulting in

benefits in reproductive aspects.

MATERIAL AND METHODS

Locality and duration
The experiment was carried out from October to November 2018, spring in the
southern hemisphere, at the Iguatemi Experimental Farm (FEI) of the State University of

Maringa (UEM). Maturation, fertilization, and cultivation of embryos were performed at
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the Reproduction Biotechnology Center - BIOTEC at the UNICESUMAR Farm (Maringa

Higher Education Center), Maringa, PR.

Climate

The weather of the region is classified as subtropical humid mesothermal (Cfa),
according to the Koppen classification, with hot summers and centralized rainfall in this
period. The average temperature during the experimental period was 26 °C and no rain

was observed.

Animals and management

Twelve animals were used and distributed to a pasture of Cynodon plectostachyus
in three experimental paddocks with 2,780 m2. Of these animals, six were lactating cows,
three Holstein cows (600 + 30 kg of body weight, 53 + 11 months of age, and average
milk production of 27 * 3.5 kg day™ in the lactation stage between the third and fourth
month), and three Jersey cows (370 £ 11 kg of body weight, 40 £ 6 months of age, and
average milk production of 11 £+ 1.5 kg day™ in the lactation stage between the fifth and
seventh month). There were also six pubescent heifers: three Holstein heifers (325 + 25
kg of body weight and 16 + 0.6 months of age) and three Jersey heifers (250 * 25 kg of
body weight and 13 + 0.6 months of age).

The cows were milked twice a day, at 6 a.m. and 3 p.m., soon after being fed, and
then released at the appropriate paddocks. The heifers were fed on pasture during this
period. The feeding of the animals (cows and heifers) was the same as that usually
provided in the FEI throughout the experiment (Table 1), but the diets met the nutritional
requirements of each animal category and the physiological stage in which they were

found.
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Treatments and experimental design

The animals were distributed in four 3 x 3 Latin squares, in a 3 x 2 x 2 factorial
arrangement, with three types of treatments (sprinkling + artificial shade, shower +
artificial shade, and artificial shade), two breeds (Holstein and Jersey), and two
physiological stages (lactating cows and pubescent heifers). Each experimental period
lasted for 14 days (long), of which 11 days were for adaptation and 3 days for milk
collection and the collection of climatic and reproductive data (follicular aspiration on the
last day).

The experiment tested the influence of three different thermal stress-reducing
systems (Figures 1, 2 and 3) and their association on the production and reproduction of
animals, being them: sprinkling + artificial shade (Tspr); showers + artificial shade
(Tsho); and artificial shade (Tas).

The experiment tested the influences of three different thermal stress-reducing
systems (Figs. 1, 2 and 3) and their association with the production and reproduction of
animals, namely: sprinkling + artificial shade (Tspr); showers + artificial shade (Tsho);
and artificial shade (Tas). The systems were fed by a 10,000-L water tank and a 2.5-hp
irrigation bomb, which sent water to the systems through the polyethylene pipes that were
fixed to the iron structures. The systems were activated when the animals passed through

the presence sensors attached to the iron structures

Environmental Measurements
Meteorological data included ambient air temperature (T; °C), relative humidity
(RH; %), black globe temperature (BGT; °C), solar radiation (R; W m?), and wind speed

(WS; m s1). The data were measured by a digital thermo hygrometer with an anemometer
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and by the FEI weather station at 30-min intervals during the collection days. Based on

the obtained data, the Heat Load Index (HLI) was determined:

HLI = 8.62 + (0.38RH) + (1.55BGT) — (0.5WS) + [e>*"WS ],
where RH = relative humidity (%), BGT = black globe temperature (°C), and WS = wind

speed (m s?) (Gaughan et al., 2008).

Quality and milk yield data

The daily milk yield (MY, kg) was measured in the morning and afternoon, for 4
days (8 consecutive milking sessions), in the milk collecting system, and fat corrected
milk (kg/day) was calculated according to the NRC (2001) using the equation:

FCM4% = (0.4xMY,kg) + (15xF, kg)

Fat (F), total solids (TS), protein (PROT), lactose (LAC), and somatic cell count
(SCC) [which was transformed into somatic cell score (SCE) on a logarithmic scale
because it does not follow a normal curve] were measured at the Mesorregional Center
of Excellence in Milk Technology of the FEI, using EKOMILK® equipment and Somatic

Cells Analyzerekomilkscan®.

Physiological parameters

The rectal temperature (RT; °C) was recorded manually between 9 a.m. and 3
p.m., using a digital thermometer inserted into the rectum of the animals. The respiratory
rate (RR; breaths/min) was measured every 30 minutes from 9 a.m. to 6:30 p.m., except
at the time of milking, and was obtained by counting the movements of the flank for 1

minute. The temperature of the coat surface (CS; °C) was determined using a thermal
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camera (Fluke Ti100 Infrared Thermal Imaging Camera) and measured approximately 1

meter away from the animals every 30 minutes from 9 a.m. to 6:30 p.m.

In-vitro production
None of the experimental animals was submitted to hormonal induction for
estrous synchronization or superovulation. Follicular aspiration was performed on

random days of the estrous cycle.

Follicular aspiration

The animals received caudal epidural anesthesia (4 mL of 2% lidocaine
hydrochloride). After anesthesia, the transducer (5 MHz UST 974-5 micro convex
transducer) was inserted into the vaginal sac of the animals, and the ovaries were
visualized using an ultrasound scanner (Aloka SSD-500). Then, the visible follicles were
aspirated by 18G needles (Cook VBOAS 1855) and a suction line (Cook VBOA 18 L)
for 50-mL falcon tubes. A solution with 2% fetal bovine serum, 98.0% DMPBS-FLUSH
(Nutricell), and 25 1U/mL sodium heparin were used to wash materials such as needles

and Falcon tubes.

Washing and selection of oocytes

The aspirated follicles were washed (embryo collection filter (EmCom®)) with the
same washing solution as the materials. The precipitated oocytes were transferred to 100-
mm Petri dishes, where they were counted and classified. The oocytes were analyzed
morphologically and classified as viable according to the number of layers of cells of the
cumulus complex. They were classified as quality 1, 2, 3, oocytes without cumulus,

naked, expanded, degenerated, and atresia (Lonergan et al., 1994). Only grade 1, 2, or 3
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oocytes were classified as viable. Soon after, they were washed in MIV-T solution
(Nutricell) and transported to the commercial laboratory in cryotubes with maturation

solution at 35°C.

In-vitro maturation

In the laboratory, the viable oocytes were washed three times in TCM-199 with
Earles salts (Gibco®), glutamine (Sigma®), and NaHCO3 (Mallinckrodt®), supplemented
with 10% fetal bovine serum (SFB) (Cultilab®), 50 pug/mL of gentamicin (Sigma®), 22
ug/mL pyruvate (Biochemical®), 50 pg LH/mL (Bioniche®), 0.5 pg FSH/mL
(Bioniche®), and 1 g estradiol/mL (Sigma®), and placed in an oven for 24 h (in micro-

drops of mineral oil coated with maturation medium) at 38.5°C and 5% CO> atmosphere.

In-vitro fertilization

After 24 h, the mature oocytes were washed three times in 100 pl TALP medium
supplemented with 10 pg/mL heparin (Sigma®), 22 pl/mL pyruvate (Biochemical®), 50
ug/mL gentamicin (Sigma®), bovine serum albumin-BSA (without fatty acids) (Sigma®),
PHE solution (2 uM penicillin) (Sigma®), 1 uM hypotaurine (Sigma®), and 0.25 pM
epinephrine (Sigma®).

For the selection of the spermatozoa, the mobile fraction of the semen from the
departure of the same bull of the Holstein breed was thawed in a water bath at 35°C and
separated by a discontinuous gradient of Percoll at 45 and 90% for 4 min at 6,000 rpm.
Soon after, the spermatozoa were stored in micro-drops, where they remained for 30 min
until the transference of the oocytes (10 oocytes/drop), where they were kept for 22-24 h

at a constant temperature of 38.5°C and an atmosphere of 5% COz in air.
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In-vitro culture

After fertilization (18 h), the zygotes were cultivated in Synthetic Oviduct Fluid
(SOF) supplemented with 5% fetal bovine serum (Cultilab®) in a controlled atmosphere
with CO2/N2/O- gases. After 7 days (D7), the embryo production rate was analyzed, and
the embryos were returned to the greenhouse until day 10 (D10) for determination of the

hatching rate.

Statistical analysis
The data were analyzed using the MIXED procedure of SAS (Statistical Analysis
System, 9.3). When there were interactions between the factors, the statistical analysis
was performed using Fisher's least significant difference test (LSD) to disrupt the
interaction.
The physiological data were analyzed according to the following model:
Yijklmno = u + Si+ Aj:i+Pk+ Tl+ BRm + AGn+ SEo+ T X BRIm +

T X AGIn + eijklmno .

with px = N (0, 63), a = N (0, 62), and ejju = N (0, 62), where Yiju is the observed value,
u is the general mean, Si is the fixed effect of the animal within the square, Aj: i is the
random effect of the animal within each Latin square, Pk is the fixed effect of the
experimental period, T, is the fixed effect of the treatment (I = 1 and 3), BRm is the effect
of breed (m = 1 and 2), AGn is the fixed effect of the age group (n = 1 and 2), SEo is the
effect fixed of the season (0 = 1 and 2), T x BRIm is the fixed effect of the interaction
between treatment and breed, T x AGIm is the fixed effect of the interaction between

treatment and age group, eijklmno is the residual error, N indicates normal distribution,
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and 63, 6 e o are the variances associated with random effects associated with period
and animal and with residual variance, respectively
The reproduction data was according to the following model:
Yijklmno= u + Si+Aj:i+Pk+ Tl+ BRm + AG+ T X BRIm + T X AGIn

+ eijklmno

with px = N (0, 63), a =~ N (0, 63), and eiju = N (0, 62), where Yiju is the observed value,
u is the general mean, Si is the fixed effect of the animal within the square, Aj: i is the
random effect of the animal within each Latin square, Pk is the fixed effect of the
experimental period, T is the fixed effect of the treatment (I = 1 and 3), BRm is the effect
of breed (m =1 and 2), AGn is the fixed effect of the age group (n=14and 2), T x BRIm
is the fixed effect of the interaction between treatment and breed, T x AGIm is the fixed
effect of the interaction between treatment and age group, eijklmno is the residual error,
N indicates normal distribution, and o3, 63 € 62 are the variances associated with random

effects associated with period and animal and with residual variance, respectively.

The productive and qualitative data was according to the following model:

Yijklmno = u + Si+ Aj:i+ Pk + Tl+ BRm + T X BRlm + eijklmno

With px = N (0, 63), ar = N (0, 62) e eiju = N (0, 62), where Yiju is the observed value; p
is the general mean; Si fixed effect of animal within in square; Aj:i random effect of the
animal within each latin square; Pk fixed effect of experimental period; T, is the fixed
effect of Treatment (I= 1 and 3); BRm is the effect of Breed (m=1 and 2); TxBRIm is the

fixed effect of the interaction between treatment and breed; eijklmno is the residual error;
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N indicates normal distribution; and 63, 62 e o7 are the variances associated with random
effects associated with period and animal, and residual variance, respectively.

The graphics were made using the GraphPad PRISM 8.0 software. The data were
submitted to linear regression and Pearson's correlation coefficient (r) analysis. The
adequacy of the adjustment was assessed by the coefficient of determination (R2). The

level of significance adopted was 5%.

RESULTS

Meteorological parameters

The air temperature and, consequently, the incidence of solar radiation during the
night (22°C and 12.1 W/mg2, respectively) and the morning (27.4°C and 587.1 W/m2) were
lower than the values found for these climatic variables in the afternoon (31.5°C and
870.5 W/m?). Air humidity was higher in the nocturnal (79.8%) and diurnal (73.8%)
periods than in the afternoon (62.5%) periods. Wind speed was higher in the morning
(1.46 m/s-1) when compared to the afternoon (1.15 m/s™?) and night (1.18 m/s). Due to
the high incidence of solar radiation and, consequently, air temperature associated with
low air movement, the values for temperature of the black globe and HLI were high, with

39.6°C and 98.24 in the afternoon and 37.6°C and 97.69 in the morning (Table 2).

Physiological parameters

The period influenced the values of RR, CS, and RT (P < 0.05), with lower values
found in the morning (66.19 breaths min; 34.55°C and 38.27°C respectively) and higher
values in the afternoon (71.28 breaths min; 35.42°C and 39.01°C, respectively).

Breed, age group, and interactions analyzed did not influence RR and CS values

(P >0.05). The treatments influenced RR and CS values (P < 0.05); RR values were lower
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and similar for sprinkler and shower values (64.83 and 66.1 breaths min™ respectively)
when compared to artificial shade (75.22 breaths min). These patterns were also found
for CS, where sprinkler and shower treatments had lower and similar values (34.86 and
34.62°C, respectively) when compared to artificial shade treatment (35.48°C).

The RT affected the age group (P < 0.05), with heifers (38.66°C) presenting higher
means than cows (38.45°C). No significant RT values were found for treatment, breed,
and interactions (P > 0.05).

The parameters RR, CS, and RT presented positive and significant correlation
coefficients (P < 0.0001) with the Heat Load Index (HLI) (Figs. 4, 5, and 6) across all
treatments. The correlation between HLI and RT for sprinkler and shower treatments was
low and not significant (P > 0.0001). The linear correlation coefficients between HLI and
CS for artificial shading, sprinkling, and showers were R? = 0.5428, 0. 4344, and 0.4684,
respectively. The linear correlation coefficients between HLI and RR were R? = 0.5613
for artificial shading, R? = 0.6120 for showers, and R2 = 0.3803 for sprinkling. The linear
correlation coefficients between HLI and RT were R? = 0.9393 for artificial shade, R? =

0.1872 for showers, and R2 = 0.0657 for sprinkling.

In-vitro production parameters

There was an effect of the treatments on the number of aspirated oocytes and the
number of viable oocytes (P < 0.05). The animals submitted to sprinkler and shower
treatments presented a higher number of oocytes (16.0 and 15.08, respectively) and of
viable oocytes (12.50 and 12.92, respectively) compared to animals subjected to artificial
shadow (10.75 and 9.0 oocytes, respectively). No significant differences (P > 0.05) were
found for the breed, age group, and the interaction between treatment x age group on the

reproductive aspects analyzed.
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There was a significant interaction of the systems for the breeds on hatching (P =
0.024). The Holstein animals submitted to the sprinkler (1.50) and shower (1.17) systems
presented higher values, which did not differ from the hatching values for the Jersey
animals' artificial shade system (1.0). These results differed from the shade systems of
the Holstein (0.67) and the sprinkler (0.50) and shower (0.67) systems for the Jersey

animals.

Quality and milk yield

There were no differences in milk yield, its components or SCE in the different
treatments (P>0.05), and no effect was found for treatment x breed interaction on milk
yield (P>0.05).

There was an effect of the breed on the overall yield, F, PROT, and TS (P<0.05). The
Holstein cows produced more milk (23.94 kg day-?), a higher FCM4% (20.39 kg day-?)
and a higher somatic cell score (5.64) than the Jersey cows (12.04 kg day-1, 13.12 kg day-
1 and 4.52 respectively). Jersey cows presented higher values of F (4.65%), PROT

(3.99%) and TS (14.25%) than Holstein cows (3.03, 3.25 and 11.68%, respectively).

DISCUSSION

Physiological parameters

The RR, CS, and RT values were lower in the morning compared to the afternoon
period (Table 3), which was due to the milder air temperature and radiation in the night
and morning periods (Table 2). This favored heat dissipation of the animals (Chen et al.,
2015; Spiers et al., 2018), providing more comfort.

It was noticed that RR and CS increased with the increase in HLI (Figs. 4 and 5),

showing high correlations, with HLI being responsible for 56.13% of the increase in RR
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for the treatment with artificial shade, 61.20% for showers, and 38.03% for sprinkling.
The correlation occurred in HLI with CS, in which the meteorological variations of this
index influenced 54.28% for the increase of CS in the artificial shade system, 46.84% for
showers, and 43.44% for sprinklers. However, (despite the high correlation between HLI,
RR, and CS), sprinkler and shower systems showed lower and similar values for RR
(64.83 and 66.14 breaths min-%, respectively) and CS (34.85 and 34.62°C) in relation to
artificial shade (75.22 breaths min™ and 35.48°C) (Table 3). The treatment with artificial
shade resulted in values above the average reference values for RR of 60 breaths min™,
and for CS from 31.6 to 34.7°C (Martello et al., 2004), indicating that the sprinkler
systems and showers were more efficient in maintaining the homeothermy of the animals
due to greater thermolysis.

On the other hand, the use of such systems did not result in significant differences
in RT, although there was aa high correlation of the HLI with the RT for the artificial
shade system (93.93%) and low correlations with the animals submitted to the shower
systems (18.72%) and sprinkler (6.57%), showing that all treatments obtained values
within the reference range (between 38.1 and 39.1°C) (West et al., 2003). This fact may
be the result of the greater heat dissipation of the animals (Veissier et al., 2018; Wankar
and Yadav, 2018) through the increase in RR, showing that all systems contributed to the
maintenance of rectal temperature, with RT being one of the main indices for assessing
the adaptability of animals (Silva et al., 2012).

The RT in the group of heifers was higher (38.82°C) than that in the group of cows
(38.45°C), albeit within the normal reference values. The rectal temperature can vary due
to breed, physiological stage, age, and time of day when the temperature is measured. We
assume that in our experiment, the highest temperature found for the group of heifers was

due to a shorter time and frequency of use of the systems. This also justifies the trends
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obtained in the age group analyses for RR (P = 0.051) and CS (P = 0.089), because under
normal conditions, the group of cows would present higher RT values due to the greater

metabolism, generating greater endogenous heat (Azevédo and Alves, 2009).

In-vitro production

The total number of oocytes recovered in the sprinkler and shower treatments was
greater than the number of oocytes collected from the animals subjected to the artificial
shade treatment. This leads us to infer that the animals in the latter group were more
thermally stressed. Thermal stress affects the follicular cell function, reducing the quality
and quantity of oocytes due to changes in the follicular wave, harming antral and
subsequent follicles (Rocha et al., 2012). Thus, the results obtained demonstrate that the
use of systems that minimize thermal stress increases the quantity and quality of oocytes.

The number of viable oocytes showed the same behavior, namely oocytes from
the spray and shower treatments showed greater viability when compared to those of the
artificial shade treatment. These findings reflect that the thermoregulatory mechanisms
(CS and RR) acted as a barrier against the deleterious impact of thermal stress on oocyte
parameters in sprinkler and shower treatments. In such systems, thermoregulation of the
animals was improved, and there was no interference in quantity and viability of oocytes,
which can have an impact on the number of embryos produced. However, when analyzing
the percentage of oocyte viability found in previous studies, the values were above the
expected average (> 60%) (Carneiro et al., 2019) in all tested systems.

The number of embryos and the hatching rate were not affected by the treatments.
This result is due to the increase in RR and decrease in CS, which enabled the
maintenance of RT and the use of in-vitro reproduction. In-vitro reproduction decreases

embryonic loss because the cultivation, maturation, and fertilization of oocytes are carried
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out in a controlled environment. Thus, it confers greater embryonic development
(Hansen, 2007). It can be concluded that the use of sprinkler and showers systems,
associated with artificial shade, in tropical pasture environments is a good alternative
when used prior to reproductive protocols, as these conferred greater oocyte quantity and
viability; in addition, in-vitro production grants a more suitable environment in the later
phases, thereby increasing the success of the technique.

We found an interaction between treatments X breed on hatching. The Holstein
animals showed higher and similar hatching values for the spray (1.50) and shower (1.17)
treatments compared to the artificial shade treatment (0.67). As a result, employing water
systems facilitates embryonic hatching, and this approach, in conjunction with in-vitro
production for less heat-resistant animals (Holstein animals), is a good alternative for
greater success of the technique. These results did not differ from those of the group of
Jersey cows subjected to artificial shade (1.00), which differed from the spray (0.50) and
shower (0.67) results from the Jersey group of animals and were similar to those obtained
for the Holstein cows in the shade system (0.67). The superiority of the Jersey animals in
the artificial shade system (1.00) can be explained by the lower tendency of these animals
to use these systems, showing greater endurance and tolerance to thermal stress.
Consequently, we assume that the use of the artificial shade system alone, for Jersey
animals, would be sufficient to minimize the deleterious effects of thermal stress on the

reproductive parameters of this breed.

Dairy parameters
Fluctuations in the levels of protein, fat, lactose, and, consequently, total solids
during heat stress are in most cases due to the variation in food intake (Staples et al., 2011;

Cowley et al., 2015), and there was no evidence of this during the experiment. It thus
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appears that the three systems analyzed provided thermal comfort to the animals, resulting
in the maintenance of milk production and composition.

MY and FCM4% were higher in Holstein cows, whereas the percentage of fat,
protein and total solids was higher in Jersey cows. Such results are inherent to the breeds
themselves. Holstein cows produce more milk than Jersey cows and Jersey cows produce
milk with a higher fat and protein content, and, consequently, total solids when compared
to Holstein cows, as they present higher feed conversion, use diets with high fiber and
protein in a more efficient way, and also have high heritability for these characteristics

(Aikman et al., 2008).

CONCLUSION

The animals submitted to sprinkler + artificial shade and shower + artificial shade
treatments presented lower values of respiratory rate and hair coat surface temperature,
demonstrating that these treatments were efficient strategies in reducing thermal stress,
resulting in greater comfort for the animals. However, all treatments were efficient in
maintaining homeostasis because there was no increase in rectal temperature, an
important parameter in maintaining homeothermy. As a result, there was the maintenance
of milk yield and quality in all treatments analyzed, the only statistically significant
results being consequences of the racial standards analyzed.

The oocyte parameters presented better results for the sprinkling systems +
artificial shade and shower + artificial shade, showing that, in tropical environments, they
are good alternatives to pasture and that the association of these with the in-vitro
production of embryos is a strategy to be considered for providing a better environment

in all phases of the reproductive process.
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TABLES

Table 1- Average dry matter (DM), mineral matter (MM), organic matter (OM), crude
protein (CP), neutral detergent fiber (NDF) and ether extract (EE) of pasture, feed and
silage supplied to lactating cows and pubescent heifers.

Ingredients Pasture! Ration Silage
DM (%) 20.65 89.39 30.33
MM (%) 9.12 10.30 4.30
Lactating cows OM (%) 90.88 89.70 95.7
CP (%) 17.68 26.19 8.07
NDF (%) 53.77 10.30 50.38
EE (%) 3.50 2.79 3.00
DM (%) 20.65 89.48 30.33
Pubescent heifers MM (%) o1z 10.63 43
OM (%) 90.88 89.37 95.7
CP (%) 17.68 25.73 8.07
NDF (%) 53.77 15.86 50.38
EE (%) 3.50 2.93 3.00

Ipasture of Cynodon plectostachyus
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Table 2- Meteorological data collected during the experimental period.

Variable Morning  Afternoon Night Mean
Air Temperature (°C) 27.4 31.5 22.2 26

Relative humidity (%) 73.8 62.5 79.8 74.1
Radiation (W/m?) 587.1 870.5 12.1 338.2
Wind speed (m/s-1) 1.46 1.15 1.18 1.21
Black globe temperature (°C) 37.6 39.6 - 39.0
Heat load index (HLI) 97.69 98.24 - 98.31

Table 3- Respiratory rate (RR; movements/min-1), hair coat surface temperature (CS; °C)
and rectal temperature (RT; °C) evaluated in different treatments.

Period Treatments Breed Age group S.E.M2

Mor? Aftz Spr*  Sho* As® Hol® Jer’ Co® He?®

RR 66.19° 71.28° 64.83% 66.14* 7522 65.70 7162 66.11 7150 0.149
CS 34,55 35.42% 34.85° 34.62° 35.48° 34.67 3526 3450 3552 0.149
RT 38.27° 39.01*° 38,59 3861 38.71 38.62 38.66 38.45° 38.82° 0.065
P value
RR CS (°C) RT (°C)
P Perl? <0.001 <0.001 <0.001
P Treat!! <0.001 <0.001 0.289
P Br? 0.110 0.054 0.794
P Ag 0.051 0.089 0.049
P Treat*Br 0.072 0.114 0.565
P Treat*Ag 0.098 0.532 0.401
P Pe*Treat*br 0.445 0.934 0.448
P Pe*Treat*Ag 0.633 0.246 0.763

!morning; 2afternoon; 3sprinkler+artificial shadow; “shower+artificial shade; Sartificial
shadow; SHolsteins; Jersey; ®'lactaitng cows; °pubescent heifers;'%period; ‘treatment;
2hreed;*®mean standard error Means followed by the same letter on the line do not differ
from each other by the Tukey test, P <0.05
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Table 4- Average total oocyte, viable oocytes, embryos and hatching in different

treatments, breed, and age group.

Treatments Breed Age group
S.E.M!?

Sprz. Sho® As* Hol Jer Cow’ Hei®
Total oocytes 16.00° 15.08% 10.75° 19.56 8.33 12.94 1494 2.009
Viable oocytes  12.50° 12.92% 9.00° 16.11 6.83 10.94 12.00 1.710
% 78.1 85.64 83.7 8272 820 845 803
Embryo 1.75 158 1.08 1.78 117 178 1.17 0.202
% 14.0 12.26 12.04 11.03 17.07 16.24 9.72
Hatching 1.00 092 0.83 111 0.72 106 0.78 0.164
% 57.14 5789 76.92 6250 61.90 59.38 66.67

P value
Total oocytes  Viable oocytes Embryo Hatching

P Treat 0.027 0.045 0.096 0.750
P Br 0.181 0.191 0.183 0.505
P Ag® 0.802 0.876 0.470 0.632
P Treat*brl? 0.104 0.058 0.219 0.024
P Treat*Ag 0.254 0.635 0.230 0.519

Imean standard error; 2Sprinkler+artificial shadow; 3shower+artificial shade; “artificial
shadow; °Holsteins; %Jersey; ’lactating cows; 8pubescent heifers; ®age group; °breed.
Means followed by the same letter on the line do not differ from each other by the Tukey

test, P <0.05

Table 5- Developments of interactions treatment x breed over the hatching.

Treatments Hatching
Sprinkler 1.502
Holstein Shower 1.178
Avrtificial shade 0.67°
Breed
Sprinkler 0.50°
Jersey Shower 0.67°
Artificial shade 1.002

Means followed by the same letter in the column do not differ from each other by the Tukey test,

P <0.05.
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Table 6- Milk Yield (kg/day) and milk composition (%) of Holstein and Jersey cows
submitted to sprinkler, showers, and artificial shadow systems.

Treataments Breed SEM P value
Sprt Sho? As® Hol* Jer P Treat P Br’ P Treat*Br
Milk Yield 18.50 18.14 17.32 23.94% 12.04® 0.605 0.173 0.004  0.664
FCM (4%)® 17.36 16.77 16.15 20.39% 13.12° 0.412 0.156 0.009  0.432
Fat 387 376 382 303" 4.60° 0.141 0.801 0.002 0.446
Protein 362 365 359 325% 399" 0278 0.635 0.001 0.531
Lactose 467 467 470 467 469 0199 0790 0.639 0.636
Total Solids 13.05 12.88 12.97 11.68" 14.25% 0.133 0.778 0.001  0.638
SCE® 524 468 532 5642 452° 0.266 0.258 0.251  0.249

1Sprinkler+artificial shadow; 2shower+artificial shade; ‘artificial shadow; “Holsteins;
SJersey; ®mean standard error; “breed; ®fat corrected milk (kg/day); ®somatic cell score.
Means followed by the same letter on the line do not differ from each other by the Tukey
test, P <0.05
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Figure 1- Sprinkler system + artificial shade (The
sprinkler system was provided by an 8m?2 area
structure and was composed of volcano sprinklers and
had a flow rate of 8 liters / minute. The artificial shade
system was provided by a structure of 3.5 meters high
and an area of 16m?, covered by artificial shading
with 80% solar energy



Figure 2- Shower system + artificial shade (the
shower system was provided by a structure of 8 m2 in
area and consisted of showers with a flow rate of 12
liters/minute. The artificial sprinkler system was
provided by a structure of 3.5 meters high and an area

Figure 3- Artificial shade system (provided by 3.5
meters high structure and area of 16m?, covered by
artificial shade with 80% solar
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Figure 4- Regression analysis of the hair coat
surface temperature (CS) animals subjected to spray
systems, shower, and shading in relation to Heat
Load Index.
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Figure 5- Regression analysis of the respiratory
frequency (RR) animals subjected to spray systems,
shower, and shading in relation to Heat Load Index.



106

40.0
o
‘: 39.54 R2=0,9393%**
g Y=0,04235%X + 34,86
£ n 7y
53901 = R?=0,1872
2 S m Y=0,01085*X + 3731
£385{ o ] B TTne ey R=00657
= hd . Y=-0,02628%X + 41,15
< u
£ 38.0- -
WU
~

37.5 r y T

95 100 105
HLI

-®- Sprinkler -m- Shower -+ Artificial shade

Figure 6- Regression analysis of the rectal
temperature (RT) animals subjected to spray
systems, shower, and shading in relation to Heat
Load Index.



107

I11.  Influence of three heat stress reducing systems of animals grazing
on hormonal, mineral, blood, and lipid biomarkers

(Journal of animal physiology and animal nutrition)

Acknowledgements
The authors would like to thank the Department of Animal Science and the
Postgraduate Program in Animal Science of the Maringa State University for technical

support.

Abstract

The objective of this study was to evaluate the influence of different heat stress
reducing systems namely: sprinkler + artificial shade, shower + artificial shade, and artificial
shade, on the serum mineral (Na*, K*, CI"), hormonal (T3, T4, and cortisol), hematological,
metabolite profiles, and milk production in lactating cows and pubertal heifers of Holstein
and Jersey breeds. Concerning the animals, six were lactating cows: three Holstein cows with
an average weight of 600 + 30 kg, 53+11 months of age, and average milk yield of 27 + 3.5
kg day-* in lactation stage between the third and fourth months; and three Jersey cows with
an average weight of 370 + 11 kg, 40+6 months of age, and average milk production of 11 +
1.5 kg day-! in lactation stage between the fifth and seventh months. A further six animals
were pubertal heifers: three Holstein heifers (325 + 25 kg and 16 + 0.6 months of age) and
three Jersey heifers (250 + 25kg and 13 *+ 0.6 months of age). These were distributed in four
Latin squares 3 x 3, in a 3 x 2 x 2 factorial arrangement, being three treatments, two breeds,
and two physiological stages. Blood samples were collected in all experimental periods by
puncture of the coccygeal vein. The daily milk yield (MY, kg) was measured in the morning
and afternoon, for 4 days (8 consecutive milking), in the milk collecting system. Treatments
and age group influenced T3 levels (P<0.05). Na*, K*, hemoglobin, hematocrit, M.C.V, fat,
protein, and total solids were influenced by breed (P<0.05). Total cholesterol, HDL,

triglycerides, glucose, and urea were influenced by age group (P<0.05). The variations that
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occurred were due to the breed patterns and the age groups analyzed and the results were
within the normal range for dairy cattle.

Keywords: blood tests, cattle, heat stress, physiological marker

1. INTRODUCTION

Heat stress is one of the main problems in dairy cattle raised in a tropical environment,
mainly on pasture where they may be exposed to adverse climatic conditions, and such stress
can cause physiological (Kamal et al., 2018), milk quality and production (Bernabucci et al.,
2014), mineral (Wankar et al., 2018), hormonal (Kamal et al., 2016; Carabafio et al., 2017)
and blood changes (Dalcin et al., 2016).

Such changes can be used as biomarkers, i.e. biological indicators of the organism, as
they may change in response to certain situations, in this case, to an adverse condition such
as heat stress (Carabafio et al., 2017). Therefore, the study of heat stress biomarkers is of
great importance for understanding the homeothermic process (Starling et al., 2005) and the
development of mechanisms that may mitigate the deleterious effects of heat stress on
animals.

One of the most efficient ways of reducing heat stress to animals is the use of water
(Legrand et al., 2011) because it has high heat capacity and a high latent heat of vaporization
(National Research Council — NRC, 2010). The use of evaporative adiabatic cooling systems
(SARS) in facilities improves the welfare and comfort of the animals which leads to better
physiological, behavioral and reproductive parameters (Wolfenson et al., 2018). The use of
systems aimed at reducing thermal stress in intensive dairy systems, or in the milking parlor,
has already been extensively studied and proved to be largely satisfactory (Legrand et al.,
2009, 2011; Spiers et al., 2018). However, information on the use of evaporative adiabatic
cooling systems on pasture remains scarce and would be of great importance for farmers,
especially small farmers, who are not able to invest in intensive systems, and would improve
knowledge of these new technologies and their influences on animals.

The objective of this work was to verify the influence of three heat-stress—reducing
systems on hormonal, mineral, blood, and lipid biomarkers and the milk yield of cows and
heifers of the Holstein and Jersey breeds raised on pasture in a tropical environment.
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2. MATERIAL AND METHODS
2.1  Location and climate

The experiment was conducted from October to November 2018, spring in the
southern hemisphere, at the Fazenda Experimental de Iguatemi (FEI) of the State University
of Maringd (UEM), located at latitude 23° 25' S, longitude 51° 57° W, and 550 meters of
altitude. The climate according to the Koppen classification is Cfa, subtropical humid
mesothermal with hot summers and rainfall mainly in the summer months. During the

experimental period there was no rain and the average temperature was 26 °C.

2.2  Animals

Twelve animals were used in this experiment: three Holstein dairy cows with an
average weight of 600 + 30 kg, 53 + 11 months of age, and an average milk yield of 27 + 3.5
kg day-! between the third and fourth month of lactation, three Jersey dairy cows with an
average weight of 370 + 11 kg, 40 + 6 months of age, and an average milk yield of 11 + 1.5
kg day-* between the fifth and seventh month of lactation, three Holstein heifers with an
average weight of 325 + 25 kg and 16 + 0.6 months of age and three Jersey heifers with an

average weight of 250 + 25 kg and 13 £ 0.6 months of age.

2.3 Animal management and feeding

The animals were distributed among three different treatments in paddocks of
Cynodon plectostachyus pasture with an average area of 2,780 m2. The lactating cows were
milked twice a day, at 6 a.m. and 3 p.m., in a 4 x 1 herringbone milking parlor using a
mechanical milking machine, then fed and released to the appropriate experimental
paddocks. The heifers were fed at the time the cows were milked so that they had enough

time to feed before the cows were returned to pasture (Table 1).

2.4 Treatments, experimental design, and installations

We adopted 4 Latin squares 3 x 3, in factorial arrangement 3 x 2 x 2, being three
treatments (sprinkler + artificial shade, shower + artificial shade, and artificial shade); two
breeds (Holstein and Jersey), and two physiological stages (lactating cows and pubertal

heifers).
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The different heat-stress-reducing systems were (Figure 1):
1. Sprinkler + artificial shade system.
2. Shower + artificial shade system.
3. Atrtificial shade.

The systems were activated when an animal passed through the presence sensors,
which were connected to a relay that sent information to a water pump that pumped water to
the systems. The systems consisted of a 10,000 L water tank, a 2.5 hp irrigation pump,
polyethylene pipes to transport the water to each system and hydrometers to measure the flow
of each system. The pipe arrays were fixed to iron structures, to which the animals had access
from all sides.

To allow the animals to get used to the systems, a pre-adaptive phase was included in
which troughs with feed were placed in front of each system to guide the animals to them
and so encourage their usage. Each experimental period lasted 14 days. The 1st to the 11th
days were for adaptation of the animals to the systems and groups, and the 12th to the 14th
days were for sample collection

2.5  Weather parameters

Data on air temperature (Ta; °C), relative humidity (RH; %), black globe temperature
(Thg; °C) and wind speed (WS; m/s-1) were measured through the FEI weather station every
half hour on the sample collection days. With the data obtained, the Heat Load Index (HLI)
was determined:

HLI = 8.62 + (0.38RH) + (1.55Tbg) — (0.5WS) + [e**~W5 ]

where: Thg: black globe temperature °C; RH: relative humidity, %; WS: wind speed, m/s-t
(Gaughan et al., 2008). The results obtained through the HLI have been classified into the
following categories: precautionary up to 88; care from 89 to 91; extreme care from 92 to 95;

and extreme danger above 95 (Gaughan et al., 2008).

2.6 Serum parameters
Blood samples were taken from all animals by a puncture in the coccygeal vein, once

in each experimental period. The samples were stored in vacuolated tubes with the
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appropriate coagulants until they were taken to the commercial laboratory in which the
analyses were carried out. The hemogram was performed by the hemocytometer technique.
The hematocrit levels were determined using the microhematocrit method. The hemoglobin
levels were measured using acid hematin (Matos et al., 1995). The Na*, K" and ClI" ions were
measured using the automated selective ion methodology (ISELAB; Drake Eletronica e
Comeércio Ltda.- Brasil). Cortisol, Tzand T4 (8D15 ARCHITECT Cortisol Reagent Kit; 7K64
ARCHITECT Total T3 Reagent Kit; 7K66 ARCHITECT Total T4 Reagent Kit; Abbott
Ireland Diagnostics Division, Lisnamuck, Ireland) were measured by chemiluminescence.
Cholesterol, HDL, triglycerides, urea, and glucose (Slides CHOL VITROS; Slides dHDL
VITROS; Slides TRIG VITROS; Slides BUN/UREA VITROS; Slides GLU VITROS;
Ortho-Clinical Diagnostics, Rochester, USA) were measured by reflectance spectrometry.

2.7 Statistical analysis

The statistical analysis of the data was performed using the MIXED procedure of
the SAS (Statistical Analysis System, 9.3) were evaluated according to the following
model:

Yijklmn = pu + Si+ Aj:i+Pk+ Tl+BRm + AGn+ T X BRIlm + T X AGIn
+ eijklmn

with px = N (0, 63), a1~ N (0, 62) and ei = N (0, 62), where Yiju is the observed value; p is
the general mean; Si is the fixed effect of the animal within a square; Aj:i is the random
effect of the treatment (I = 1 and 3); BRm is the effect of breed (m = 1 and 2); AG; is the
fixed effect of the age group (n = 1 and 2); TxBRIm is the fixed effect of the interaction
between treatment and breed; TXAGIn is the fixed effect of the interaction between treatment

and age group; eijklmn is the residual error; N indicates a normal distribution; and c%,, ole

o2 are the variances associated with the random effects associated with period and animal,
and residual variance, respectively. When there were interactions between the factors, the
statistical analysis was performed using the Fisher's least significant difference test (LSD) to

disrupt the interaction.
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3. RESULTS
3.1  Climatic parameters

The climatic parameters analyzed during the experimental period are shown in Table
2. The average air temperature was 27.4 °C in the morning and 31.5 °C in the afternoon. Air
humidity averaged 73.8% in the morning and decreased during the afternoon to an average
of 62.5%. The wind speed was higher in the morning (1.46 m/s-*) when compared to the
afternoon (1.15 m/s-1). The average temperature of the black globe was 37.6 °C in the
morning and 39.6 °C in the afternoon. The thermal load index showed little amplitude (0.55)
between the two periods analyzed, with the morning values being 97.69 and the afternoon

values being 98.24.

3.2 Hormonal parameters

The treatments influenced the levels of T3 (P<0.05), with the shower and shade
systems showing higher and similar values (99.51 and 96.28 pg/dL, respectively) in relation
to the sprinkler treatment (89.20 pg/dL). The age group influenced the T3 values (P<0.05)
since heifers had higher levels (112.35 pg/dL) than cows (78.77 pg/dL). Breed did not
influence Tz levels (P>0.05).

There was a significant interaction (P=0.003) between the systems and breed
regarding T3 levels. Jersey cows had higher serum T3 levels in the artificial shade (103.64
pg/dL) and shower systems (109.52 pg/dL) compared to Jersey cows in the sprinkler system
(85.80 pg/dL), which in turn did not differ from the spray (91.16 pg/dL), shower (88.53
pg/dL) or artificial shade (88.37 pg/dL) systems for Holstein cows.

There was also a significant interaction between the systems and the age group
regarding T3 levels (P=0.050). The heifers had higher values of Tz in the shower (121.24
pg/dL) and artificial shade (112.70 pg/dL) systems compared to the group of heifers exposed
to the sprinkler system (103.12 pg/dL), which in turn differed from the sprinkler systems
(76.72 pg/dL), shower (78.76 pg/dL) and artificial shade (80.82 ug/dL) for the lactating
COWS.

Treatment, breed, age group, and treatment x breed and treatment x age group
interactions did not influence the hormonal levels of T4 or cortisol (P>0.05).
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3.3  Mineral parameters

There was no effect of treatments, age groups, and interactions on Na*, K*, and CI
levels (P>0.05). There was an effect of the breed on the levels of Na* and K* (P<0.05), as the
Holstein breed animals had lower levels of Na® and K* (101.6 and 4.14 ng/mL respectively)

than the Jersey animals (106.5 and 3.96 ng/mL, respectively).

3.4  Hematological parameters

The blood aspects analyzed were not influenced by the age group and the interaction
between treatment and breed (P>0.05). There was an effect of the breed on the hemoglobin,
hematocrit, and M.C.V levels (P<0.05), since the Jersey animals showed higher values (12.43
g/dL, 27.72%, and 46.29 um?3, respectively) than the Holstein animals (11.18 g/dL, 24.72%,
and 46.29 pm?®, respectively).

3.5  Metabolites

Glucose, total cholesterol, HDL, TG, and urea levels were not affected by treatments
(P>0.05). The age group influenced the values of glucose (P=0.012), cholesterol (P=0.0002),
HDL (P=0.001), TG (P=0.001), and urea (P=0.0001). It presented lower glucose and TG
values for cows (69.44 and 14.72 mg/dL, respectively) than for heifers (77.72 and 21.83
mg/dL, respectively), and higher values of total cholesterol, HDL, and urea for cows (94.06,
56.89, and 26.89 mg/dL, respectively) than heifers (56.89, 42.89, and 25.57 mg/dL,
respectively).

There was a significant interaction (P=0.021) between the systems and the breed
regarding the levels of urea. The Jersey animals submitted to the showers (25.60 mg/dL) and
artificial shade (29.78 mg/dL) systems showed higher values for urea levels in comparison
to the Jersey animals treated with the sprinkler system (24.28 mg/dL), which did not differ
from the urea levels of the sprinkler systems (20.42 mg/dL) and showers (20.38 mg/dL) of
the Holstein group of animals, the shower system (20.38 mg/dL) from the Holstein group

also being similar to the artificial shade system (17.72 ug/dL) of the animals in the same

group.

4. DISCUSSION



114

4.1  Climate parameters

The average air temperature was higher in the afternoon (31.5 °C) than in the morning
(27.4 °C) due to the higher incidence of solar radiation during the afternoon (Spiers et al.,
2018). However, in both periods analyzed the air temperature was above the critical upper
limit for Holstein cows (24 °C) (Martello et al., 2004) and Jersey cows (28 °C) (Nascimento
et al., 2019) during lactation (Table 2).

The relative humidity of the air was higher in the morning (73%) than in the afternoon
(62.5%). This was due to the lower incidence of solar radiation and, consequently, the lower
air temperature (Spiers et al., 2018). Wind speed in both analyzed periods was considered
below what is recommended as good for lactating cows (2.2 m/s), and would thus have
impaired heat exchange by convection and evaporation (Hahn, 1985).

The high air temperature associated with high relative humidity and low wind speed
caused the black globe temperature to be high both in the morning (37.6 °C) and in the
afternoon (39.6 °C). Therefore, it resulted in very high thermal load index values in both
periods of the day (97.69 in the morning and 98.24 in the afternoon), indicating that the

environment was characterized as stressful to the animals (Gaughan et al., 2008).

4.2  Hormonal

There was an interaction between treatment x breed on T3 levels. The highest levels
were found for the Jersey cows in the shower system (109.52 pg/dL) and artificial shadow
system (103.64 pg/dL) and lower levels for the Holstein cows, whose values were similar in
all tested systems. These results are due to the higher degree of adaptability of the Jersey
breed in comparison to the Holstein breed (Nascimento et al., 2019), as the latter decreases
the production of thyroid hormones as an alternative to decreasing the production of
endogenous heat as a mechanism for maintaining homeothermy (Morais et al., 2008). There
was also an interaction between treatment x age group on T3z such that heifers presented, in
all tested systems, higher levels of T3 than cows. These results can be attributed to two
hypotheses, namely: The decrease in thyroid hormones in more thermosensitive animals,
such as cows, can be attributed to the need to decrease the metabolic rate (Morais et al., 2008)
and the higher demands for T3 of heifers for their development, or the fact that heifers do not
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produce milk, since thyroid hormones are excreted by the mammary gland (Cisse et al.,
1991).

4.3  Mineral

The levels of Na™ and K* were influenced by the breed. Jersey animals had a higher
concentration of Na* and K* (106.5 and 4.29 ng/mL, respectively) than the Holstein animals
(101.06 and 3.96 ng/mL, respectively). Such results may be due to higher adaptability in
Jersey animals compared to Holstein animals, since animals less adapted to adverse climatic

conditions lose more electrolytes via sweat (West, 2003).

4.4  Blood

The hemoglobin, hematocrit and mean corpuscular volume (M.C.V.) values were
higher for Jersey cows than for Holstein cows. However, they were within the normal
reference range of the consulted literature for both breeds. The differences found are probably
related to the breed, which can be inferred in the variation of blood elements (Birgel et al.,
2001) and in the level of production, since the greater specialization of the animal is related
to lower erythrocyte levels and consequently to lower hematocrit levels (Campos et al.,
2008).

45  Metabolites

Cholesterol levels were higher in cows compared to heifers. Such results are due to
the increase in age, since cholesterol values gradually increase from 12 months of age and
reach maximum values at 48 months (Pogliani et al., 2007). This increase is related to the
higher nutritional demands of older animals, leading to greater lipid mobilization (Ruas et
al., 2000).

HDL concentrations behaved in a similar way to cholesterol, being higher for cows
compared to heifers. This is expected because HDL has a close connection with cholesterol
and is the most abundant lipoprotein in the blood responsible for cholesterol transport
(Pogliani et al., 2007). Triglyceride values were lower in cows than heifers, as a result of the
higher triglyceride requirements of heifers for their development (National Research Council
—NRC, 2010).
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Heifers had higher glucose values than cows. This is due to the more reactive behavior
of heifers when handling and collecting blood, which may have influenced the increase in
serum glucose (Ruas et al., 2000) due to the increase in plasma cortisol (Du Preez, 2000).

Urea levels were affected by the age group. Cows had higher levels than heifers as
there is a gradual increase in urea levels until 48 months when they stabilize (Gregory et al.,
2004). Interactions between the systems and breed on the urea levels were observed: Jersey
cows had higher serum levels in the shower and artificial shadow treatments and lower levels
in the sprinkler treatment. These values did not differ from the urea levels of Holstein cows
in the sprinkler and shower systems, and levels in the shower system did not differ from those
in the artificial shadow system (in Holstein cows). These results lead us to believe that they
are due to the protein level of the concentrate offered to the animals. So that there was no
additional effect on the animals' stress indicators, the food already provided on the farm was
not changed. As a result, Jersey cows were fed the same protein content as Holstein cows,
and Jersey heifers were fed the same amount as Holstein heifers. However, Jersey cows are
smaller and produce less milk than Holstein cows, so the protein requirement for them should

be less. This may have favored the increase in urea in Jersey cows over Holstein cows.

5. CONCLUSION

The variations that occurred were due to the breeds and the age groups analyzed and
the results were within the normal range for dairy cattle. Therefore, the three different
thermal-stress—reducing systems tested were able to maintain the analyzed serum

biomarkers.
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TABLES

Table 1- Average dry matter (DM), mineral matter (MM), organic matter (OM), crude protein
(CP), neutral detergent fiber (NDF) and ether extract (EE) of pasture, feed and silage supplied
to lactating cows and pubescent heifers.

Ingredients Pasture! Ration Silage

DM (%) 20.65 89.39 30.33

MM (%) 9.12 10.30 4.30

Lactating cows OM (%) 90.88 89.70 95.7
CP (%) 17.68 26.19 8.07

NDF (%) 53.77 10.30 50.38

EE (%) 3.50 2.79 3.00
DM (%) 20.65 89.48 30.33

Pubescent heifers MM (%) o1 10.63 43
OM (%) 90.88 89.37 95.7

CP (%) 17.68 25.73 8.07
NDF (%) 53.77 15.86 50.38

EE (%) 3.50 2.93 3.00

pasture of Cynodon plectostachyus.
Note: The bromatological analyses were performed at the Laboratory of Food Analysis and Animal
Nutrition (LANA)



Table 2- Climatic variables measured during the experimental periods.
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Variables Morning Afternoon Amplitude
Temperature (°C) 27.4 31.5 4.1
Humidity (%) 738 62.5 11.3
Wind speed (m/s-1) 1.46 1.15 0.31
Black globe temperature (°C) 37.6 39.6 2.0
Heat load index (HLI) 97.69 98.24 0.55
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Table 3- Average values of the concentrations of T3z (ug/dL), T4 (ug/dL), cortisol (ug/dL), Na*, K™ and CI" (ng/mL) in the different
treatments (Treat), breeds (Br) and age groups (Ag).

Treatments Breeds Age Group P value
] Artificial ) ] SEM P Breed PTreat* P Treat*
Sprinkler Shower Holstein Jersey Cows Heifers P Treat P Ag

Shade Br Ag
T3t (ug/dL) 89.20> 99512 96.38° 89.35 99.66 78.77° 112.35% 2641 .015 075 .001 .003 .050
T42 (ug/dL) 3.67 3.91 3.87 3.87 377 353 410 0.132 .380 .888  .240 338 515
Cortisol (ng/dL)  1.01 1.13 1.23 1.21 1.07 0.78 143 0.084 .449 860 .284 725 .783
Na* (ng/mL) 102.42 102.08 106.83 101.06° 106.50* 105.28 102.28 4.663 .100 009 131 610 201
K*(ng /mL) 4.16 4.06 4.14 3.96° 4290 418 406 0.054 .292 005 .071 733 376
Cl(ng/mL) 101.83 102.79 103.46 102.11 103.56 102.11 103.00 0.604 .712 061  .446 .600 976

total triiodothyronine, 2total thyroxine. Averages followed by the same letter on the line do not differ between each other by Tukey's test, P<0.05.
Note: Hormonal and mineral analyses were performed by the Teaching and Research Laboratory in Clinical Analysis, State University of Maringa.



Table 4- Breakdown of interaction between treatment x breed and treatment x age group for Ta.
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Treatment Ts(ug/dL)

Sprinkler 91.16°

Holstein Shower 88.53"

Breed Artificial Shade 88.37°
Sprinkler 85.80°

Jersey Shower 109.522

Artificial Shade 103.642

Sprinkler 76.73°

Cows Shower 78.76°

Artificial Shade 80.82°
Age group Sprinkler 103.12°
Heifers Shower 121.242
Artificial Shade 112.70%

Note: Averages followed by the same letters in the column do not differ between each other by Tukey's test, P<0.05.



Table 5- Average values of erythrogram and leukogram in different treatments (Treat), breeds (Br) and age groups (Ag)
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Treatment Breed Age Group
Sprinkler Shower Artificia Holstein Jersey Cows Heifers
Shade

Red blood cells (x10%/uL)  6.07 6.20 5.85 591 6.16 573 6.35
Hemoglobin (g/dL) 11.97 11.88 11.58 11.18> 12.43* 11.69 11.92
Hematocrit % 26.50 26.25 25.92 24.72° 27.72* 25.83 26.61
M.C.V? (ume) 44.32 44.02 44.53 42.28" 46.29° 45.75 42.83
MCHC (%) 2 45.08 45.28 44.68 4518 44.84 4518 44.84
Leukocytes® (mm3) 4.22 4.22 4.28 4.22 426 418 4.29
Lymphocytes% 55.00 59.50 59.00 56.72 58.94 56.89 58.78

SEM

0.113
0.154
0.356
0.380
0.328
0.347
1,124

P value

P PTreat* P Treat*
Ttreat P Breed Ag Br Ag
515 407 .059 1.000 397
430 .034 653 491 564
750  .018 472  .384 503
488  .020 .069  .951 341
126 518 518  .322 540
.381 611 205 .299 164
235 498 563 .633 211

IM.C.V = mean corpuscular volume, 2MCHC = mean corpuscular hemoglobin concentration, 3leukocytes were transformed on a logarithmic
basis. Averages followed by the same letter on the line do not differ between each other by Tukey's test, P <0.05.
Note: The erythogram and the leucogram were performed by the Laboratory Sdo Camilo veterinary unit.
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Table 6- Average levels of cholesterol, HDL, triglycerides, glucose, and urea (mg/dL) according to the different treatments (Treat),
breeds (Br) and age groups (Ag).

Treatment Breed Age Group P value
] Artificial ) ) SEM P Treat* P Treat *
Sprinkler  Shower Holstein Jersey Cows Heifers PTreat P Breed P Ag
Shade Br Ag
Total cholesterol 74.17 76.67 75.58 73.17 77.78 94.06*° 56.89° 1.815 .742 479 .0002  .256 915
HDL! 57.67 59.83 60.08 57.61 60.78 75.50° 42.89® 1.808 .632 .637  .001 460 945
TG? 16.83 18.67 19.33 16.83 19.72 14.72® 21.83* 0463 .051 .083  .001 .054 320
Glucose 73.42 73.92 71.92 76.17 70.00 68.44> 77.72° 0.892 .508 .065 .012 .355 .158
Urea 22.35 23.49 23.75 19.51° 26.89* 25.57° 20.82" 0.0001 .576 <.0001 .000 021 091

thigh density lipoprotein, 2triglycerides. Averages followed by the same letter on the line do not differ between each other by Tukey's test, P <0.05.
Note: The lipid metabolites, urea and glucose were performed by the Teaching and Research Laboratory in Clinical Analysis of the State University
of Maringa
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Table 7- Breakdown of treatment x breed interaction on urea in the blood.

Treatment Urea (mg/dL)
Sprinkler 20.42°
Holstein Shower 20.38%
Actificial Shade 17.72°
Breed
Sprinkler 24.28°
Jersey Shower 25.60?
Artificial Shade 29.782

Averages followed by the same letter in the column do not differ between each other by Tukey's
test, P<0.05.

FIGURE LEGENDS

Figure 2- Sprinkler + artificial shade system.
Figure 2- Shower + artificial shade system.
Figure 3- Artificial shade system.

FIGURE

Figure 1- Sprinkler + artificial shade system.
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Figure 3- Artificial shade system



