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Resumo

FALSON, Caroline Farias Soares. Termotolerancia na raga Angus. 2023. 64f.
Dissertacdo (Mestrado em Ciéncias) - Programa de Pos-Graduagédo em Veterinaria,
Faculdade de Veterinaria, Universidade Federal de Pelotas, Pelotas, 2023.

Embora o consumo interno de carne tenha diminuido no Brasil, as exportacbes
alcangaram niveis recordes nos ultimos anos. Os estados do sudeste, centro oeste e
norte representam a maior parcela de produgcao e o clima tropical limita o uso da
raca Angus, cuja criagdo poderia contribuir com o aumento das qualidades
sensoriais da carne. O objetivo deste estudo foi avaliar a associagdo da pelagem
(preta ou vermelha) e do pelame (classificado de 1 a 3, de acordo com as
caracteristicas de comprimento e espessura do pelo) no desempenho produtivo e
reprodutivo de novilhas angus. Os animais foram avaliados em 3 momentos, com
intervalo de 45 dias, sendo a terceira realizada em janeiro de 2022, quando as
novilhas tinham 18 meses de idade. Nas trés avaliagdes os animais foram pesados e
classificados quanto ao Escore de Condi¢do Corporal (ECC) e Escore de Trato
Reprodutivo (ETR) e na avaliacédo de janeiro, além das ja citadas, foram feitas
coletas de temperatura interna (Tl - termdmetro intravaginal), temperatura superficial
(TS - Termografia infravermelha), taxa de sudacdo e coletas de sangue para
avaliagdo de cortisol sérico, além da mensuracdo do indice de Temperatura e
Umidade (THI), para melhor compreensao dos resultados. Os resultados indicaram
que a cor da pelagem esta relacionada com ETR e Tl, sendo que os animais de
pelagem preta tiveram um maior indice de ciclicidade, menor Tl e também passaram
menos tempo em hipertermia. O pelame, por sua vez, esteve relacionado com peso,
ECC e TI, sendo que os animais com pelames maiores, principalmente o 3, tinham
menor peso, menor ECC e passaram mais tempo em hipertermia em relacdo aos
com pelames menores. A taxa de sudacdo e a TS nao foram diferentes entre os
diferentes fendtipos. Os dados de THI foram divididos em quartis, visando avaliar
sua influéncia na Tl dos animais. De uma maneira geral, animais vermelhos e de
pelame 3 tiveram maior Tl e passaram mais tempo em hipertermia em relagcéo aos
demais, em todos os quartis. Os animais vermelhos também apresentaram niveis
mais altos de cortisol sérico em relacdo aos pretos. Contudo, outros estudos
precisam ser realizados para aumentar o tamanho da amostra e a acuracia das
avaliagdes, que servirdo de base para a selegcao de animais termotolerantes.

Palavras-chave: adaptabilidade; termorregulacéo; hipertermia; bovinos de corte;
clima tropical



Abstract

FALSON, Caroline Farias Soares. Thermotolerance in Angus breed. 2023. 64f.
Dissertation (Master degree in Sciences) - Programa de Pds-Graduagao em
Veterinaria, Faculdade de Veterinaria, Universidade Federal de Pelotas, Pelotas,
2023.

Although meat consumption has decreased in Brazil, exports reached record levels
last year. The southeast, central-west, and north states are responsible for the
largest volume of production, and the tropical climate limits the use of the Angus
breed. The breed could contribute to increasing the sensory qualities of meat. The
aim of this study was to evaluate the association of coat color (black or red) and hair
coat (classified from 1 to 3, according to the length and thickness of the hair) on the
productive and reproductive performance of Angus heifers. The animals were
evaluated three times every 45-days, with the third evaluation taking place in January
2022 when the heifers were 18 months old. During all three evaluations, the animals
were weighed and classified according to Body Condition Score (BCS) and
Reproductive Tract Score (RTS), and in January, in addition to the above, data was
collected on internal temperature (IT - intravaginal thermometer), surface
temperature (ST - Infrared thermography), sweating rate, and blood samples were
collected for serum cortisol evaluation, as well as measurement of the Temperature
and Humidity Index (THI) to better understand the results. The results indicated that
coat color is related to RTS and IT, with black-coated animals having a higher index
of cyclicity, lower IT, and remaining less time in hyperthermia. Hair coat, in turn, was
related to weight, BCS, and IT, with animals with thicker coats, particularly coat 3,
having lower weight, lower BCS, and spending more time in hyperthermia compared
to those with thinner coats. Sweating rate and ST were not different between the
different phenotypes. THI data was divided into quartiles to evaluate its influence on
animal IT. In general, red and coat 3 animals had higher IT and spent more time in
hyperthermia compared to others in all quartiles. Red animals also had higher serum
cortisol levels compared to black ones. However, further studies need to be
conducted to increase the sample size and accuracy of evaluations, which will serve
as a basis for selecting thermotolerant animals.

Keywords: adaptability; thermoregulation; hyperthermia; beef cattle; tropical weather
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1 Introdugao

O Brasil atualmente possui 0 maior rebanho bovino do mundo, com 238
milhdes de cabecas (IBGE, 2023) e figura também como segundo maior produtor de
carne bovina, atras apenas dos Estados Unidos (USDA, 2022). Embora o consumo
per capita de carne bovina tenha caido em nosso pais, as exportacdes cresceram e
hoje aproximadamente 35% do produto nacional é exportado para outros paises,
como China (45,2%), Egito (13%) e EUA (4,9%) (IBGE, 2022).

Dentro do pais, a maior produgao de carne bovina vem dos estados do centro
oeste e sudeste (IBGE, 2023), regides de clima tropical, onde a maioria do gado é
de origem zebuina, devido a sua melhor adaptagéo aos climas quentes. Contudo, ha
um grande apelo comercial pela melhora das caracteristicas organolépticas da
carne, principalmente relacionadas com grau de marmoreio € maciez nos cortes,
que séo encontrados predominantemente nas ragas europeias, como o Angus e o
Hereford.

A demanda da expansdo das ragas europeias para o restante do Brasil
esbarra nas condigdes climaticas e na adaptabilidade dos animais e hoje vem sendo
feita em cruzamentos industriais por meio do uso da inseminacao artificial (1A),
produzindo animais meio sangue que conseguem se desenvolver em um clima mais
quente e agregar caracteristicas desejaveis de carcaga. O uso das ragas puras
ainda esbarra nas dificuldades de adaptagao, tornando importante a busca por
animais termotolerantes (MACEDO et al., 2014; MATEESCU et al., 2017; DAVILA et
al., 2019).

A raga Angus, juntamente com o Nelore, domina o mercado de venda de
sémen de corte no Brasil (DBO, 2021) — em 2020, 86% do total de doses
comercializadas foi dividido entre as duas racas. Sendo as ragas europeias
originarias de ambientes temperados, condi¢gdes adversas, principalmente nas
estacbes mais quentes, geram estresse térmico e consequente perda produtiva
(MATEESCU et al., 2017).
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Nos rebanhos leiteiros, ha uma maior gama de estudos referentes a busca
pela termotolerancia, visto que os prejuizos podem chegar a 40 bilhdes de ddlares
por ano, apenas em fungdo do estresse térmico (THORNTON et al., 2022). As
perdas comegam quando a termorregulagéo € ineficiente e resultam em reducao da
produgao de leite, reducdo de sdlidos no leite e aumento dos problemas sanitarios
(COLLIER et al., 2017).

Alguns estudos ja tem demonstrado que a cor da pelagem influencia
diretamente na termotolerancia dos animais, pois pelagens mais escuras, como a
preta, possuem uma elevada absorbancia de calor (SILVA et al., 2003; BROWN-
BRANDL, 2006). Além da pelagem, outras caracteristicas ja vém sendo buscadas
em alguns programas de melhoramento genético, como o pelame, relacionado as
caracteristicas da conformacéo do pelo, estando associadas com a capacidade do
animal de trocar calor com o ambiente (PROMEBO, 2018). O pelo alto funciona
como isolante térmico e dificulta a dissipagcéo do calor para o ambiente.

Além das caracteristicas fenotipicas que influenciam na termotolerancia, ha
uma gama de genes especificos que estdo diretamente relacionados com a
adaptacao dos animais, como € o caso do gene do pelo liso (Slick Hair Gene), que
confere aos animais uma pelagem lisa, curta e brilhante quando em dominancia,
favorecendo as trocas de calor por evaporagao, que é o principal meio de dissipacao
de calor dos bovinos (DIKMEN et al., 2008).

Em bovinos de leite, os principais genes estudados s&o aqueles relacionados
com as proteinas de choque térmico (HSP), importantes ferramentas durante os
periodos de estresse, pois evitam a degradacédo e desnaturacido celular, mantendo
suas estruturas saudaveis (COLLIER et al., 2008). A HSP70 é a proteina mais
utilizada atualmente como marcador bioquimico de estresse por calor, pois € uma
das primeiras proteinas a serem expressas quando o organismo entra em estresse
(HASSAN et al., 2019).

Sendo assim, é necessario avaliar quais destas caracteristicas, como cor e
conformacao do pelo, sdo efetivas para uma melhor regulagdo da homeostase nos
bovinos, permitindo futuramente a selegao de animais com caracteristicas de maior
termotolerancia. A partir da identificagéo da real influéncia destas caracteristicas na
adaptacao animal, sera possivel a realizagdo de manobras para expansao das racas

europeias para os ambientes tropicais.



2 Revisao da Literatura

O estresse térmico se da quando o organismo € incapaz de dissipar calor de
forma efetiva e o calor ambiental se soma ao metabdlico, elevando a temperatura
corporal e causando danos produtivos e de bem estar animal (DIKMEN & HANSEN,
2009). Nos bovinos leiteiros, quando o organismo ndo consegue contornar o desafio
de calor, observa-se diminuicdo da producao de leite, diminuigcdo da producgéao e da
porcentagem de gordura no leite, redugao nos sinais de cio, queda de imunidade e
aumento da contagem de células somaticas (COLLIER et al., 2017).

Em relacdo ao ambiente em que os animais se encontram, é possivel utilizar
o indice de Temperatura e Umidade (THI) como base para determinar se os animais
estdo ou ndao em um ambiente de desafio (NOAA, 1976). A literatura relata que um
animal estaria em estresse em THI superior a partir de 72, mas estes limiares podem
variar de acordo com a genética, a raca e caracteristicas do individuo (POLSKY &
VON KEYSERLINGK, 2017). Para uma melhor compreensdo dos organismos, €
importante avaliar a resposta individual de cada animal, como a sudagado e
alteragdes na temperatura interna (WEST et al., 2003).

A temperatura interna e suas variagdes ao longo do dia fornecem informagao
que facilita a compreenséo da rotina fisioldgica dos animais, porém a mensuragao
manual frequente pode prejudicar a veracidade dos dados em fungcdo do manejo e
da presenca de humanos (BURDICK et al., 2012). A temperatura superficial dos
animais, por sua vez, pode fornecer dados de estresse térmico de forma facil e
precoce, através da termografia infravermelha, sendo correlacionada positivamente
com a temperatura interna (PENG et al., 2019).

Para reduzir a influéncia do manejo sobre os resultados, uma opgao viavel é o
uso de termdmetros intravaginais, que fazem mensuragdes da temperatura interna
em intervalos programados e nao interferem no comportamento animal. Outra
vantagem € a possibilidade de manutengédo deste termdmetro por varios dias e sua
maior sensibilidade em relacdo a temperatura corporal, quando comparado com a
temperatura retal (BURDICK et al., 2012; KAUFMAN et al., 2018).
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Ainda falando sobre a selegdo de caracteristicas que propiciem uma melhor
adaptagao aos animais, estudos mostram que animais com pelagem mais clara tem
vantagens em ambientes quentes pela menor absorbancia de radiacdo e também
melhor refragdo do calor. Em estudos realizados por BROWN-BRANDL (2006) se
identificou que animais pretos da raga Angus tiveram maior frequéncia respiratéria
(FR), maior taxa de ofegagao (TO) e maiores temperaturas de superficie corporal em
relagcdo a outras ragas de pelagem vermelha ou branca. A adaptacdo depende de
fatores ambientais e genéticos e, como a genética € herdavel, é preciso focar na
selecao destas caracteristicas de adaptagdo para a selecdo de animais que
produzam mais e com melhor conforto nos diferentes climas.

Segundo Dikmen et al. (2008), caracteristicas de pelos finos, lisos e curtos
estdo relacionadas com melhor tolerancia as altas temperaturas, pois facilita as
trocas de calor por condugao e convecgao. Vacas portadoras do gene Slick Hair,
quando submetidas a estresse térmico, apresentaram menor temperatura
intravaginal, retal e superficial, menor intervalo entre partos, menor frequéncia
respiratoria e maior producao de leite (DIKMEN et al., 2008; DIKMEN et al., 2014;
CONTRERAS-CORREA et al.,, 2016; SANCHEZ-RODRIGUEZ, 2019; ORTIZ-
URIARTE et al., 2020).

Em animais com pelos grossos e compridos, acaba formando-se uma camada
de ar na superficie da pele, que atua como isolante térmico, prejudicando as perdas
de calor por evaporacao. O aumento da sudorese é o primeiro mecanismo em casos
de estresse térmico, juntamente com o aumento da frequéncia respiratéria e, quando
nao sao suficientes, ocorre o aumento da temperatura corporal do animal,
intensificando ainda mais estas rea¢des (POLSKY & VON KEYSERLINGK, 2017). A
partir dai, sdo observadas mudangas mais acentuadas no comportamento, como
aumento da ingestao hidrica, diminuicdo da ingestdo de matéria seca, do tempo de

pastejo e do tempo de ruminacéao (COLLIER et al., 2017).



3 Artigo

Thermotolerance in Angus cattle is related to hair coat characteristics but not
to coat color

Caroline Oliveira Farias; Jessica Lazzari; isis Soares da Cunha; Paulo Bayard Dias
Goncalves; Bernardo Garziera Gasperin; Thomaz Lucia Jr; Eduardo Schimitt;
Fernando Flores Cardoso; Juliana Sarubbi; Rafael Gianella Mondadori.

Publicado na revista Journal of Thermal Biology, v. 124, 103945, 2024.
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Thermotolerance in Angus cattle is related to hair coat characteristics but not to coat

color

Abstract

This study evaluated the impact of coat color (CC) and hair coat characteristics (HC) on
productive and physiological traits related to thermotolerance in Angus heifers. The goal was
to determine if HC and/or CC were reliable indicators of thermotolerance on a large scale for
future breeding programs. Ninety-three 15-month-old Angus heifers (52 black, 41 red) were
evaluated in three periods on a beef cattle farm in Brazil. Heifers were classified by CC and
HC, and body weight, body condition score (BCS), and reproductive tract score (RTS) were
compared between groups. In the summer evaluation, surface temperature (infrared
thermography), internal temperature (intravaginal sensors), sweating rate, and behavior were
assessed in a subset of heifers. Temperature-humidity index (THI) was calculated using
meteorological data. The proportion of heifers with short, fine, and smooth hair (HC1)
increased (P < 0.05) over the evaluations. Heifers with thick, long, and woolly hair (HC3) had
lower (P < 0.05) body weights than those with finer coats, regardless of CC. Black heifers had
greater (P < 0.05) puberty rates than red heifers in the first two evaluations. At a THI of 66,
black heifers with HC1 exhibited a lower (P < 0.05) internal temperature compared to black
heifers with HC3. At a THI of 75, all heifers with HC1 had lower (P < 0.05) internal
temperatures, regardless of CC. Red heifers and those with HC3 experienced hyperthermia for
longer (P < 0.05) periods. Neither HC nor CC affected (P > 0.05) surface temperatures or
sweating rates. At a THI of 72, more black heifers remained standing, suggesting behavioral
adaptation. In conclusion, coat color and characteristics influence thermal stress and

performance in Angus heifers, though color impact is limited. Internal temperature monitoring
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effectively determines thermotolerance. In tropical regions, selecting for short, fine, smooth

hair may improve heat tolerance.

Keywords: heat stress, hyperthermia, infrared thermography, intravaginal sensors, tropical

climate

1. Introduction

Brazilian beef production is the second largest in the world (IBGE, 2022). It faces
numerous challenges due to high consumer demands regarding meat quantity and quality
(Fernandez-Novo et al., 2020). Two-thirds of the country are in tropical climate zones, posing
a challenge to produce high-quality meat from cattle in hot environments (Alvares et al.,
2013).

The temperature-humidity index (THI) impacts animal performance and wellbeing,
positively correlating with the activation of thermoregulatory mechanisms (Hammond et al.,
1996). Failure in the animal's ability to maintain a stable body temperature and adjust to
changes in the environment provokes heat stress (Silanikove, 2000), which decreases
production and reproductive performance and animal welfare (Pires et al., 2019; Cordeiro et
al., 2020; Aguilar-Quifiones et al., 2022).

Brazilian beef cattle herds use predominantly Bos taurus indicus, which are adapted to
warm environments (Aguilar-Quifiones et al., 2022). However, Bos taurus taurus cattle have
more tender meat (Wright et al., 2018) and reach maturity earlier than B. indicus cattle. Thus,
crossbreeding these subspecies produces cattle with improved performance and meat quality,

primarily by selecting B. faurus cattle adapted to hot environments (Davila et al., 2019).
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Previous studies have shown that coat color and hair coat characteristics influence
animal performance at high ambient temperatures due to different heat absorbance and
thermal insulation properties (Brown-Brandl et al., 2006; da Silva et al., 2003). Coat color
primarily influences heat absorbance, with black hair absorbing 90% of heat, red hair
absorbing 70%, and white hair absorbing 40% (Stewart, 1953). High environmental
temperature increases internal and superficial body temperature and changes herding and
shade-seeking behavior. Cutaneous evaporation can account for up to 70% of evaporative heat
loss, and a shorter hair coat promotes these exchanges (Maia et al., 2003; de Souza et al.,
2018; Giro et al., 2019). Considering its importance in facilitating heat exchange with the
environment, hair coat characteristics are already used in Brazil’s genetic improvement
programs (da Silveira et al., 2021; ANC, 2023).

In addition to physiological stress indicators, we also considered reproductive
development as a potential indicator of heat tolerance. The reproductive tract score in heifers
predicts fertility and lifetime production of the cows (Holm et al., 2009), making it an
essential tool for evaluating reproductive performance in the context of heat stress adaptation.

Despite the existing research on the impact of coat color and hair characteristics on the
productive performance of beef cattle in warm environments, there is a need for more focused
field trials to understand better the relationship between these factors and animal performance,
particularly in Angus cattle. We hypothesize that coat color and hair coat characteristics
significantly influence body weight gain, body condition score, reproductive tract score,
superficial and internal body temperature, sweating rate, and behavior in Angus heifers
subjected to high THI environment.

Therefore, this study aimed to evaluate the relationship of both coat color and hair coat
characteristics with the variables mentioned above in Angus heifers subjected to moderate

THI environment. In addition to making it possible to evaluate these relationships, the results
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of this study will identify easily accessible variables that reflect the thermotolerance of Angus
cattle. This may be applied in breeding programs to improve the adaptation of B. taurus cattle
to high THI environments, including those more severe than the conditions in this study,

ultimately enhancing animal welfare and productivity, influencing the general quality of beef

production.

2. Materials and Methods

The Committee for Ethics in Animal Experimentation of the Universidade Federal de

Pelotas (UFPel) approved all animal procedures (134/2021/CEUA/REITORIA).

2.1 Animals and location

The study was conducted on a commercial beef cattle farm in Dom Pedrito, Rio
Grande do Sul state, Brazil (31°02'52.7"S 54°52'04.1"W). The farm is located at an elevation
between 100 and 200 meters above sea level. According to the Koppen climate classification,
the region has a humid subtropical climate, classified as Cfa (Sparovek et al., 2007). The
mean annual temperature is 18.5°C, and the total annual rainfall is 1,400 to 1,600 mm, evenly
distributed throughout the year.

The evaluations were conducted at 45-day intervals in three periods: the first two
during the spring (October and November) and the third in the summer (January). Ninety-
three contemporary 15-month-old Angus heifers were included in the present study, with 52
being black and 41 red. Heifers were initially kept together in cultivated pastures (Ryegrass,
Lolium multiflorum) and later transferred to native pastures (Carvalho et al., 2006), with a

stocking rate of 335 kg live weight/hectare. Animals also had free access to water (pond),
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mineral salt, and shade from trees (Eucalyptus spp.). All heifers were dewormed before the

beginning of the study.

2.2 Animal evaluations

The evaluations described in this section were consistently performed at the three
predetermined assessment times: October, November, and January. In addition to their coat
color, heifers were classified according to their hair coat characteristics: heifers with short,
fine, and smooth hair (HC1); heifers with thick, long, and woolly hair (HC3), and those with
intermediate hair characteristics (HC2; ANC, 2023). Heifers were weighed using an electronic
scale (TRU TEST®), and average daily gain (ADG) was calculated based on the assessment’s
weight difference. They were also classified according to their body condition score (BCS) on
a scale of 1 to 5 (Lowman et al., 1976), where 1 represented emaciated animals, and 5
represented obese animals. Heifers were then divided into three categories of BCS: lower than
3, 3, and higher than 3.

The reproductive tract score (RTS) was evaluated as described by Holm et al. (2009),
using a score ranging from 1 to 5, with 1 being a prepubertal, infantile tract and 5 being a
pubertal tract in luteal phase. This scoring system assesses the development of the uterus and
ovaries in heifers, indicating their pubertal status. RTS is determined by rectal palpation, and
it is a repeatable screening test that evaluates pubertal status in groups of heifers (Rosenkrans
and Hardin, 2003). In our study, heifers were considered prepubertal if they had an RTS of 1,
2, or 3, whereas heifers were considered pubertal if they had a RTS of 4 or 5. A single
experienced veterinarian performed all RTS evaluations to ensure consistency and reliability
of the assessments.

Additionally, the third evaluation, conducted during Summer, followed the timeline

described in Figure 1.
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2.3 Surface and internal body temperature

Surface and body temperature were evaluated in 37 heifers (18 red and 19 black), with
similar hair coat distribution in each category of coat color. Surface temperature was
measured using infrared thermography (Testo 870-1® Super Resolutions), equipped with a
camera with an accuracy of £+ 2°C and an infrared spectral range of 7.5-14.0 p. Heifers were
restrained in a chute every two days, where their left flank was thermographically scanned at
a distance of 3 m. A rectangle was outlined in the flank image for temperature analysis, and a
histogram of this area was created. Subsequently, the rectangle’s average, minimum, and
maximum temperatures were recorded (Montanholi et al., 2008).

Sensors (DS1921G-F5# iButton) were inserted in an adapted silicone intravaginal
device initially designed for slow progestogen release in estrous synchronization protocols to
measure the internal temperature. The silicone portion of the device, containing the
progesterone, was removed and replaced by inert silicone hoses. The sensors remained in the
heifer’s vagina for eight days and were programmed to record temperature every 15 minutes.
To assess the percentage of time that heifers experienced hyperthermia, a body temperature

exceeding 39.2°C was the cut-off point (Smith et al., 1998).

2.4 Sweating rate

The sweating rate was assessed every other day, immediately after the thermographic
evaluation, using the method described by Schleger and Turner (1965). First, an adhesive tape
with three filter paper discs, each saturated with a 10% cobalt chloride solution, was attached
to a clean, trichotomized area of the animal's skin, close to the dorsal margin of the scapula.

The time was recorded for all three discs to change color from blue-violet hue (dry) to light
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pink shade (wet). This mean time, measured in seconds (t), was then substituted into the

formula: sweating rate (g/m?/h) = (22 * 3600) / (2.06 * t).

2.5 THI

The THI was calculated every hour during the assessment period using the equation
provided by NOAA (1976): "THI = (1.8 x DT + 32) - (0.55 - 0.0055 x RH) x [(1.8 x DT + 32)
- 58]", where DT represents the dry-bulb temperature and RH refers to the relative air
humidity. The data were obtained from an official automated meteorological station 24 km
from the beef cattle farm at 150 m above sea level.

For the October and November evaluation days, which focused on assessing
reproductive status and development (BCS and RTS), we recorded average daily THI values.
The mean THI for the October evaluation day was 57.10, while for the November evaluation
day it was 65.63. For analysis purposes, the THI data collected during the January (summer)
evaluation period were categorized into quartiles. The specific ranges for each quartile were

determined based on the observed THI distribution and are presented in the Results section.

2.6 Behavioral assessment

As described in Figure 1, the heifers’ behavior was monitored every two days in the
native pasture, where heifers had free access to water, shade, and mineral salt. The
evaluations involved a 1-hour observation period within a 2-hour interval conducted between
08:00 and 17:00. Observations were conducted at the maximum feasible distance using
binoculars, with heifers identified by a number on the flank. The behavior was evaluated
based on the heifers’ location (either shade or sun), position (either standing or lying down),

and activity (ruminating, grazing, or resting) at the time of the observation.
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2.7 Statistical analysis

The statistical model used was a 2 x 3 factorial arrangement, with coat color (2 levels:
black and red) and hair coat characteristics (3 levels: HC1, HC2, HC3) as factors. The
interaction between hair color and hair coat was tested in analyses of variance models. When
the interaction was significant, the results were presented with the animals divided into six
groups, representing the three categories of hair coat characteristics within each coat color
(black and red). In cases where the interaction was insignificant, the results were presented
separately for hair color and hair coat characteristics.

Body weight and ADG were compared within each period. Body weight was analyzed
using analysis of variance; in contrast, ADG was analyzed using the Kruskal-Wallis analyses
of variance for non-parametric data, due to a lack of normality (P < 0.05) for this variable, as
determined by the Shapiro-Wilk test.

Frequencies of BCS and RTS (puberty status) were also compared across categories
within each evaluation period through either the Chi-square test or the Fischer’s exact test,
depending on the sample size within each category.

THI data obtained during the evaluation period were grouped into four quartiles: QI,
from 55.670 to 62.615; Q2, from 62.616 to 65.719; Q3, from 65.720 to 69.435; and Q4, from
69.436 to 75.538. Afterward, the frequency of time spent in hyperthermia was compared
among categories of coat color and hair coat characteristics and their interaction within each
temperature quartile, using either the Chi-square test or the Fischer’s exact test.

The frequencies of distinct behaviors were compared among categories of coat color
and hair coat characteristics and their interaction at the lowest and greatest THI measured
during the evaluations, which were 61 and 72, respectively. Such comparisons were
conducted with either chi-square or Fischer’s exact test, depending on the sample size within

each category.
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Due to a lack of normality, as determined by the Shapiro-Wilk test, sweating rate data
were converted to a logarithmic scale. After that, a Pearson correlation analysis was
performed to assess the relationship between sweating rate and THI and the data were
compared using analysis of variance across categories of THI, coat color, hair coat, and their
interactions, with adjustment for the individual effect of heifers.

For all analyses of variance models, means comparisons were conducted with the
Tukey test at a significance level of 0.05. The internal temperature data were analyzed
through the linear mixed model in R-nlme Package (Pinheiro et al., 2023; Team, 2023),
whereas the remaining data were analyzed with Statistix® (2013). The Tukey test also

compared the average internal temperatures at THI 56, 66 and 75.

3. Results

Figure 2 depicts the fluctuation of the THI recorded during the 8-day evaluation period
in January. The THI values ranged from a minimum of 55.67 to a maximum of 75.54,
indicating a substantial variation in the environmental conditions experienced by the cattle.
The graph also clearly illustrates the diurnal pattern of THI, with distinct changes observed
throughout the 24-hour cycle.

As shown in Table 1, there was a shift in the distribution of heifers with distinct hair
coat characteristics among assessment periods. From October to November, the frequency of
heifers with HC1 increased, while the frequency of heifers with HC2 decreased (P < 0.05).
However, the proportion of heifers with HC3 did not differ across evaluation periods (P >

0.05).

3.1 Weight, ADG, and BCS
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A significant interaction (P = 0.012) between hair color and hair coat characteristics
for body weight was observed only in the first evaluation (October). No significant
interactions (P > 0.05) were found in the second and third evaluations for this variable.
During the October evaluation, black heifers with HC1 (286.57 + 7.88 kg), red heifers with
HC1 (280.02 £ 6.35 kg), and black heifers with HC2 (273.18 + 4.34 kg) exhibited the greatest
(P <0.05) mean body weight. The lowest (P < 0.05) body weight was observed in red (244.19
+ 11.12 kg) and black (258.7 + 5.94 kg) heifers with HC3. The body weight of red heifers
with HC2 (263.81 + 4.76 kg) was similar (P > 0.05) to that of black heifers within the same
hair coat characteristics. In summary, HC1 heifers had the greatest body weight for both coat
colors, while HC3 heifers had the lowest.

In the November evaluation, body weight did not differ between black (309.6 + 4.8
kg) and red (204.5 + 4.9 kg) animals. However, animals with HC1 (317.48 + 6.65 kg) had a
significantly higher body weight (P < 0.05) compared to those with HC2 (306.2 kg £+ 4.5) and
HC3 (297.5 + 6.3 kg). During the summer evaluation (January), body weight also differed
significantly (P < 0.05) only among animals with different hair coat characteristics. Heifers
with HC1 had the highest body weight (322.9 + 5.6 kg), followed by those with HC2 (309.3 +
3.9 kg) and HC3 (298.7 + 4.9 kg). Average daily gain across periods was 0.544 + 0.034 kg,

with no differences (P > 0.05) between red and black heifers or among hair coat categories.

Across assessment periods, BCS did not differ (P > 0.05) for red and black heifers
(Table 2). In October (spring) and January (summer), BCS did not differ (P > 0.05) in heifers
with different hair coat characteristics. However, in November, when the heifers were 16.5
months old, HC3 heifers presented a lower (P = 0.001) BCS compared to HC1 and HC2

heifers, which did not differ from each other (Table 2).
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3.2 Reproductive tract score (RTS)

In October and November, the frequency of black heifers reaching puberty was greater
(P =0.04 and P = 0.005, respectively) than red heifers (Figure 3A). In all three assessment
periods, there was no difference (P > 0.05) in the frequency of pubertal heifers based on their

hair coat characteristics (Figure 3B).

3.3 Internal temperature

During summer, at a THI of 56, the average internal temperature was 38.61°C, with no
differences (P > 0.05) between red or black heifers or heifers with different hair coat
characteristics. At THI of 66, black heifers with HC1 exhibited a lower (P < 0.0001) internal
temperature (38.9°C) compared to black heifers with HC3 (39.2°C).

The internal temperatures for heifers in both categories did not differ (P > 0.05) from
black heifers with HC2 (38.97 °C). Additionally, there were no differences (P > 0.05) in
internal temperatures among red heifers with different hair coats characteristics. With THI of
75, HC1 heifers had lower (P < 0.05) internal temperatures (40.2 °C) than HC2 and HC3

heifers (40.6 °C and 40.8 °C, respectively) regardless of CC.

3.4 Superficial temperatures and hyperthermia

Considering the entire study period, the frequency of hyperthermia periods in red
heifers (44.9%) was greater (P < 0.0001) than in black heifers (38.7%). The frequency of
hyperthermia periods also differed (P < 0.05) for HC3 (51.9%), HC2 (38.8%), and
HC1(36.8%) heifers. Except for Q3, red heifers were in hyperthermia for longer periods (P <
0.05) in all THI quartiles (Table 3). In Q2 and Q4, heifers with HC3 presented longer periods
of hyperthermia (P < 0.05), indicating lower efficiency in heat exchange with the

environment. No differences were observed (P > 0.05) in average surface temperatures
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between black (34.3 °C) and red heifers (34.0 °C) or among those with different hair coat

characteristics.

3.5 Animal behavior

At a THI of 61, heifers with different coat color and hair coat characteristics exhibited
similar behavior (Table S1). However, at a THI of 72, a greater frequency of black heifers
remained standing (P = 0.01) compared to red heifers (Table 4). No other differences in

behavioral characteristics were detected (P > 0.05).

3.6. Sweating rate

Sweat was not associated (P > 0.05) with coat color and hair coat characteristic.
However, the sweating rate increased (P < 0.05) with increased THI, regardless of both coat
color and hair coat characteristics (Figure 4). Also, a strong positive correlation was observed
between sweating rate and THI (r = 0.92, P <0.001), indicating that as THI increased, the

sweating rate of the heifers also increased significantly.

4. Discussion

This is the first study to assess various thermoregulation-related characteristics and
associate them with coat color and hair coat characteristics in Angus heifers. The internal
temperature was the variable that could be evaluated in a larger number of animals to
implement breeding programs for thermotolerance. Our results demonstrate that hair coat
characteristics have a more profound effect on animal performance than coat color. Moreover,
the results indicate that there is minimal interaction between hair coat characteristics and coat

color on the variables evaluated in the present study. Black heifers exhibited earlier cyclicity
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and had shorter periods of hyperthermia. Higher hair coat scores were generally associated
with lower body weight, lower BCS, and higher internal temperature.

Previous research indicated that black Angus animals had lower body weights than red
or white animals (Brown-Brandl et al., 2006). Nonetheless, no difference in ADG was
observed between black and red Angus heifers in the present study, indicating that, within the
same breed, the coat color did not influence this variable. In contrast to the results of the
present study, Brown-Brandl et al. (2006), in a temperate climate, observed that dark-coated
breeds (Angus and MARC III) spent less time feeding and exhibited more behavioral changes
compared to light-coated breeds, suggesting that dark-coated animals may experience more
heat stress. Similarly, Angus bulls had higher dry matter intake under thermoneutral
conditions than Nelore bulls (Valente et al., 2015). However, in a warm environment, Angus
bulls reduced their feed intake, just as B. indicus cattle do. These findings suggest that the
variation in feed intake and body weight across breeds observed in the abovementioned
studies was likely due to breed differences rather than coat color.

Although Angus heifers with both coat colors in the present study presented similar
body weight, black heifers reached sexual maturity earlier than red heifers, as indicated by
their RTS scores. Despite the influence of hair coat characteristics on body weight, BCS, and
internal temperature, our study did not find a significant association between hair coat
characteristics and the onset of puberty in Angus heifers. Previous studies have shown that
feeding and reproductive function are affected by thermal stress (Baumgard and Rhoads Jr,
2013), and heat stress can impair ovarian function, decrease blood flow to the uterus, and
increase uterine temperature, negatively affecting fertility (Reynolds et al., 1985; Wilson et
al., 1998). However, the lack of effect in our study may be attributed to the genetic
background of the heifers, which belonged to the same herd, and the moderate THI levels

experienced by heifers during the evaluation period (maximum THI of 75).
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The main factor that likely contributed to the lack of seasonal influence on the
proportion of heifers with thick, long, and woolly hair (HC3) in our study was the genetic
background of the animals (Sarlo Davila et al., 2019), considering that all belonged to the
same herd. On the other hand, the increase in animals with short, fine, and smooth hair (HC1)
at the expense of HC2 animals observed during the transition from spring to summer can be
attributed to the influence of climatic factors on hair coat characteristics (Berman and
Volcani, 1961; Bertipaglia et al., 2007).

To investigate potential associations of coat color and hair coat characteristics with
animal comfort and wellbeing, indicators of behavioral traits were assessed in the present
study. Animals experiencing discomfort exhibit behaviors consistent with changes in their
circadian rhythm and the expected temperature throughout the day (Avendafio-Reyes et al.,
2010). As rumination activity has been associated with improved rumen health (Schirmann et
al., 2009), its decrease may indicate the presence of stressors or diseases (DeVries et al.,
2009; Schirmann et al., 2009). Since the grazing behavior of animals can also be an indicator
of thermal comfort, the availability of shades in pastures is essential to promote wellbeing,
increasing grazing time and potentially enhancing weight gain (Souza et al., 2010). In some
cases, cattle may increase rest time during periods of increased THI and decrease grazing time
to reduce heat production (Borges et al., 2012). Our results demonstrate that the coat color
and hair coat characteristics of Angus heifers did not significantly influence their behavior
during most of the observations. The lack of behavioral differences among heifers in the
various categories evaluated can probably be attributed to the maximum THI reaching 75 and
the availability of shade for heifers.

Despite the lack of association with coat color, Angus heifers with higher hair coat
characteristics scores generally presented lower body weight. This result could be attributed to

the fact that HC3 heifers apparently had greater thermal insulation (Maia et al., 2003), which
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impairs heat exchange with the environment and reduces dry matter intake, consequently,
weight gain (Aguilar-Quifiones et al., 2022). In November, HC3 heifers presented lower BCS,
supporting the hypothesis that their grazing time was reduced, although this was not measured
in the present study. As the reproductive system is the last system to mature in growing
heifers, the nutritional status and behavioral changes resulting from heat stress should be
carefully evaluated due to potential adverse effects on the ADG, body weight, and BCS
(Holm et al., 2009), as occurred in HC3 heifers.

At the lowest THI (56), the internal temperature did not differ among Angus heifers
with distinct coat colors and hair types. Meanwhile, at the highest THI (75), heifers with
smoother and shorter hair (HC1) maintained lower internal temperature than those with longer
and thicker hair (HC2 and HC3 heifers). Thermal stress increases body temperature, and
sometimes, there may be little or no recovery at night (Brown-Brandl et al., 2006). Given that
morphological coat characteristics, such as thickness and length, influence thermal insulation,
it is crucial to aim for the lowest possible level of thermal insulation in tropical environments
(Silva, 1999). Although a THI up to 74 may indicate a comfortable environment that may
vary among breeds, depending on their productivity (Baena et al., 2019). In the present study,
heifers remained hyperthermic even at lower THIs for significant periods.

Furthermore, even in less challenging environments, surface body temperature is
influenced by dry bulb temperature, solar radiation, and wind speed, along with breed-specific
factors (Baena et al., 2019). In the present study, the surface temperature was similar among
heifers with different hair coat characteristics and color. However, black coats absorb more
solar radiation (Stewart, 1953), although the effect of coat color on the animals' surface
temperature is quite variable. Martello et al. (2004) reported that a surface body temperature
between 31.6 °C and 34.7 °C in cattle does not indicate thermal stress. In our study, the

average surface temperature of heifers did not exceed this limit, regardless of the hair coat
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characteristics and color. In contrast to our findings, a study with four breeds evaluated
through infrared thermography (Brown-Brandl et al., 2006) showed that black (Angus) and
dark red (MARC III) animals exhibited a higher surface body temperature compared to light
red and white animals (Gelbvieh and Charolais, respectively). Moreover, Baena et al. (2019)
reported a lower surface temperature for black Angus cattle than red Simmental cattle. In
contrast, no difference between black Angus and white Nellore cattle was observed (Valente
et al., 2015). Therefore, coat color apparently does not consistently influence the body surface
temperature. In addition to the lack of homogeneity described in the studies mentioned above,
which can be attributed to different variables, another factor that possibly contributed to the
absence of differences in external temperature in our study was the homogeneity of the
animals' breed.

Our study did not identify a relationship between coat color and hair coat
characteristics with sweating rate. However, as THI increased, the sweating rate of the heifers
also increased, regardless of their coat color or hair coat characteristics. This finding is
consistent with the well-established physiological response of cattle to high THI, where

increased sweating is a crucial mechanism for thermoregulation (de Souza et al., 2018).

5. Conclusions

The hair coat color and characteristics influence thermal stress and productive
performance, even though coat color does not exert a great influence. Monitoring the internal
temperature can efficiently determine thermotolerance in Angus cattle on a large scale.
Mainly in tropical regions, the selection of animals with short, fine, and smooth hair may

improve their tolerance to the challenge posed by high THI environments.
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Figure captions

Figure 1: Timeline of the third (January-Summer) evaluation. Weighing, RTS and Behavioral

Assessment (n=93). Body temperature, Infrared thermography and Sweating rate (n=37)
*THI: Temperature-Humidity Index

**RTS: Reproductive Tract Score

Figure 2: Daily variation of the Temperature-Humidity Index (THI) during the 8-day
evaluation period in January. The lowest recorded value was 55.67 and the highest reached

75.54.

Figure 3: Puberty rate (%) in the three evaluation periods for Angus heifers with distinct coat
color (A) and hair coat (B).
*HC1: short, fine, and smooth hair; HC2: intermediate hair; HC3: thick, long, and woolly hair

- ANC (2023)

Asterisk (*) denotes significant differences between groups within each evaluation (P < 0.05).

Figure 4: Sweating rate (g /m*h) for Angus heifers with distinct coat color (A) and hair coat
(B) according to the temperature-humidity index (THI)*.
*CC: coat color; HC 1: short, fine, and smooth hair; HC 2: intermediate hair; HC 3: thick,

long, and woolly hair - ANC (2023)
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Table 1

Table 1: Distribution of hair coat of Angus heifers at three assessment periods™

Hair coat Periods

October November January
HC1 9.7 (9/93)° 22.6 (21/93) 20.4 (19/93)
HC2 77.4 (72/93)? 57.0 (53/93)° 63.4 (59/93)®
HC3 12.9 (12/93)* 20.4 (19/93) 16.1 (15/93)

*HC1: short, fine, and smooth hair; HC2: intermediate hair; HC3: thick, long, and woolly hair
- PROMEBO (2018)

“bDyistinct superscripts indicate significant difference in rows (P < 0.05)



Table 2

Table 2: Frequency (%) of body condition score (BCS) in the three evaluation periods for Angus heifers with distinct coat color and hair coat

Periods October (Spring) November (Spring) January (Summer)
BCS <3 3 >3 <3 3 >3 <3 3 >3
Black 21.1 61.5 17.3 13.5 48.1 38.4 15.4 442 40.4
Coat color
Red 21.9 56.1 21.9 4.9 56.1 39.0 14.6 46.3 39.0
HCl1 14.3 57.1 28.6 0.0 38.1 61.9 4.8 38.1 57.1
Hair coat” HC2 24.5 58.5 17.0 9.4 50.9 39.6 15.1 43.4 41.5
HC3 21.0 63.2 15.8 21.0°% 68.4% 10.5° 26.3 57.9 15.8

abDistinct superscripts indicate significant difference among BCS categories within each period (P < 0.05)

*HC1: short, fine, and smooth hair; HC2: intermediate hair; HC3: thick, long, and woolly hair - PROMEBO (2018)
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Table 3: Period in hyperthermia (temperature above 39.2°C) for Angus heifers with distinct

coat color and hair coat according to the temperature-humidity index (THI)

Period in hyperthermia (%)

THI quartile*
Ql Q2 Q3 Q4
Coat color Black 16.4% 29.8% 41.7 65.9°
Red 27.4b 36.6° 43 .4° 71.5°
HC1 23.9% 27.7Y 36.37 58.9%
Hair coat HC2 18.2Y 28.6% 39.6¥ 67.9Y
HC3 24.5% 44 8* 52.8* 79.4*

*Q1, from 55.670 to 62.615; Q2, from 62.616 to 65.719; Q3, from 65.720 to 69.435; and Q4,

from 69.436 to 75.538.

HCI1: short, fine, and smooth hair; HC2: intermediate hair; HC3: thick, long, and woolly hair -

PROMEBO (2018)

ab.eDistinct superscripts indicate significant difference among coat color categories within

column (P <0.05)

*¥2Distinct superscripts indicate significant difference among hair coat categories within

column (P < 0.05)



Table 4

Table 4: Behavioral characteristics (%) for Angus heifers with distinct coat color and hair coat at temperature-humidity index of 72

Behavior Location Position Activity
Shade Sun Standing Lying Ruminating Grazing Resting
Coat color Black 21.0 78.2 47.5° 52.5% 52.5 6.9 40.6
Red 11.4 88.6 28.6% 71.4° 50.0 7.1 42.9
HCl1 214 78.6 40.5 59.5 40.5 7.1 52.4
Hair coat* HC2 12.9 87.1 39.8 60.2 61.3 7.5 31.2
HC3 25.0 75.0 38.9 61.1 38.9 5.6 55.6

*HC1: short, fine, and smooth hair; HC2: intermediate hair; HC3: thick, long, and woolly hair - PROMEBO (2018)

“*Distinct superscripts indicate significant difference among coat color categories within a row (P < 0.05)
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4 Consideragoes Finais

O estresse térmico, suas consequéncias e as formas de reduzir seus
impactos sao assuntos de extrema importancia dentro do cenario produtivo a nivel
mundial, pois a producédo de produtos de origem animal de alta qualidade depende
do bom desempenho dos animais nos mais diversos ambientes, bem como de seu
bem-estar. Embora a literatura traga paréametros de temperatura e umidade que
afetam a capacidade produtiva dos animais, é preciso estabelecer limites dentro de
cada raca e sistema, pois a adaptabilidade dos animais esta também relacionada
com fatores genéticos e de producgéo.

Os parametros avaliados no presente estudo permitem inferir que existem,
dentro da mesma raga, animais com maior capacidade termorregulatéria, portanto
capazes de, mesmo em ambientes desafiadores manterem seus parametros
fisioloégicos 0 que beneficia a produgédo e o bem-estar animal. Assim sendo, a partir
das informagdes geradas € possivel dar inicio a estudos de selegdo que podem
servir de base para a disseminacado da raga Angus para ambientes tropicais, onde
hoje os animais enfrentam dificuldades de adaptacao.

O pelame, utilizado nos programas de melhoramento, constitui uma barreira
de isolamento importante na troca de calor e a busca por animais com um grau
menor desta caracteristica se torna indispensavel para a evolugdo no ambiente
tropical. A pelagem, por sua vez, também pode ser utilizada para a sele¢gao animal,
mesmo que sua influéncia seja menor, tendo por fim o objetivo de expandir animais
termotolerantes para o restante do Brasil.

Outros estudos sdo necessarios para aprimorar a selecdo destas
caracteristicas e, assim, identificar individuos que se destaquem pelas
caracteristicas adaptativas, que sao secundariamente utilizadas nas criacdes

atualmente. A partir da identificacdo desses individuos, por estudos em populagdes
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maiores e mais diversas, podera ser possivel a busca por marcadores genéticos
ligados a capacidade de adaptacdo dos animais a climas tropicais. A maior
adaptabilidade acarretara na producao de animais menos suscetiveis ao estresse e,
consequentemente, menos suscetiveis a doencas e quedas produtivas em funcao

do calor.
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