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Abstract

Heat stress in dairy cattle can jeopardize several physiological functions, including milk production, reproduction and immune function. The
objectives of this study were to correlate body surface temperature (BST) and rectal temperature (RT) of dairy cows by using an infrared digital
laser thermometer as well as to determine the ideal emissivity. Ten dairy cows were maintained under a covered area for three consecutive
days. BST and RT measurements were taken at § am, 01 pm and 04 pm every day. Thermal readings were carried out at four distinct anatomic
locations: the face, ribcage, rump, and mammary gland at 0.95 and 0.50 emissivity. The temperatures and anatomic locations of thermal
measurements were evaluated by ANOVA and the means were compared using the Tukey Test at 5%. Emissivity at 0.50 did not establish
a significant (P>0.05) correlation between BST and RT, while a significant correlation (P<0.05) was obtained at 0.95 emissivity. Therefore,
emissivity at 0.95 was used to assess the variables. The following equation was established: RT = 0.143 x BST + 33.534, which was found to
be significant with a determination coefficient of 82%. The results of this study suggest that the utilization of infrared digital laser thermometer
with emissivity of 0.95 directed at the middle region of the ribcage can be efficient to estimate the rectal temperature of dairy cows.
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Resumo

O estresse calorico em bovinos de leite pode comprometer diversas fungoes fisiologicas, incluindo produgdo de leite, reprodugdo e fun¢do
imunologica. Os objetivos deste estudo foram correlacionar a temperatura da superficie corporal (TSC) e a temperatura retal (TR) de vacas
leiteiras usando um termémetro digital a laser infravermelho, bem como determinar a emissividade ideal. Dez vacas leiteiras foram mantidas
em drea coberta por trés dias consecutivos. As medidas de TSC e TR foram realizadas as 8h, 13h e 16h, todos os dias. As leituras térmicas
foram feitas em quatro localizag¢ées anatomicas distintas: face, caixa tordcica, garupa e glandula mamaria nas emissividades de 0,95 e 0,50.
As temperaturas e localizagoes anatomicas das medidas térmicas foram avaliadas por ANOVA e as médias foram comparadas usando o Teste
Tukey a 5%. Emissividade em 0,50 ndo estabeleceu correlacdo significativa (P>0,05) entre TSC e TR, enquanto uma correlagdo significativa
(P<0,05) foi obtida na emissividade 0,95. Portanto, a emissividade de 0,95 foi utilizada para avaliar as variaveis. Foi estabelecida a seguinte
equagdo: RT = 0,143 x BST + 33,534, que se mostrou significativa com coeficiente de determinagdo de 82%. Os resultados deste estudo
sugerem que a utilizagdo de termometro digital a laser infravermelho com emissividade de 0,95 direcionada para a regido média da caixa
tordcica pode ser eficiente para estimar a temperatura retal de vacas leiteiras.

Palavras-chave: Bem-Estar Animal. Emissividade. Estresse Calorico. Termorregulagdo.

1 Introduction solar radiation (AZEVEDO et al., 2005).

The effects of high environmental temperature on farm Heat stress in dairy cattle can jeopardize a variety

of physiological functions, including milk production,

animals, previously considered limited to tropical areas, were ) ) ) )
extended to the temperate climate areas in response to the rise reproduction and immune function. Most of the negative
of global temperature (POLSKY; VON KEYSERLINGK,

2017). Thermal comfort and animal welfare are essential

effects of heat stress on animal performance are consequences

of physiological adaptations or the animal’s difficulty

conditions for the production, productivity, and profitability
of livestock exploitation (CRUZ et al., 201; LEME et al.,
2005). St-pierre et al. (2003); Liu et al. (2019) estimated
annual losses of § 897 million by the US dairy industry, due
to reduction in milk production and animal reproduction.
This is a concern, especially for dairy cattle, considering that
most of the territorial Brazil is in the tropical region, with a
predominance of high temperatures and a high incidence of
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maintaining its homeothermy (DIKMEN et al., 2013).
Among physiological parameters, body temperature
and its fluctuations are key indicators of animal health and
welfare (GODYN ez al., 2019). Rectal temperature is an
indicator of deep body temperature and there are several
methods to evaluate temperature differences by obtaining
samples from various body anatomic locations, to understand
how temperature varies in different parts / organs and how
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they change in response to physiological, behavioral, and
environmental parameters (MCCAFFERTY et al., 2015).

A low-cost radiometric method used to measure
temperatures at a distance was based on sensors that recorded
the radiation released by a body having its emissivity as a
parameter. Emissivity is a dimensionless number between zero
and 1 relative to the ratio of radiant energies emitted by two
bodies of the same dimension, wavelength range, geometric
shape, focus conditions, and temperature, being the numerator
any surface and the denominator a blackbody (SILVA,
2014). The term blackbody implies a structure that does not
reflect radiation. At the same temperature, blackbodies emit
the same amount of radiation for all wavelengths (SILVA,
2014). Therefore, if the emissivity of a body is known
and the amount of radiation emitted at a given wavelength
range (E) is measured, it is possible to estimate the surface
temperature (SILVA, 2014). Consequently, the use of infrared
thermometers would greatly facilitate the estimation of body
temperatures under field conditions.

Studies have used infrared thermography to demonstrate
that increased foot temperature is associated with lameness
and foot lesions (NIKKHAH et al., 2005; STOKES et
al., 2012). Lin et al. (2018) have evaluated the surface
environmental temperature adjusted of the cows’ hind feet
adjusted to the surface temperature aiming at verifying it the
differences among the cows’ hind feet would enhance the
lameness detection. These authors have concluded that the
results of infrared thermometry demonstrated an association
between elevated foot temperature and lameness, but further
improvements to this detection technique will be required
before it can be implemented as a management tool for
detecting cows that may benefit from this technology.

Studies that assess the cattle’s rectal temperature, without
the discomfort caused by rectal introduction of thermometers,
will greatly contribute to the animal’s welfare and allow for
the evaluation of the heat stress level that is suffered by the
animal, indicating the need for environmental corrective
measures. This study evaluated the temperature of irradiated
surfaces of several anatomic regions of dairy cattle using
infrared digital thermometry and compared these results
with rectal temperature and determined the best correlation
obtained at 0.95 and 0.50 emissivity.

2 Material and Methods
2.1 Study location and animals

The experiment was carried out at Fazenda Realeza, city of
Araputanga, Mato Grosso, Brazil. Ten crossbred (5/8 Holstein
x 3/8 Gir) dairy cows, with an average production of 15 liters
of milk / cow / day were used. All animals were supplemented
with corn silage and concentrate with 20% crude protein (CP)
being provided 1 kg for every 3.0 kg of milk produced, with
ad libitum access to water. All cows were evaluated three
times a day: at 8 am, 01 pm and 04 pm, for three days, to
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determine the rectal temperature (RT) and the body surface
temperature (BST) during three consecutive days.

2.2 Temperature determinations

BST evaluation was performed at specific anatomic
locations: 1) left masseter muscle of the face; 2) left rib,
between the 7th and 9th intercostal space; 3) middle left rump,
between the ischium and ileum bones, and 4) at the middle
region of the left mammary gland (between the anterior and
posterior quarters). Thermal measurements were taken at
emissivity of 0.95 and 0.50.

All cows were maintained in a sheltered area and after 10
minutes, the RT was determined with the aid of a mercury
clinical thermometer inserted into the rectum and maintained
for one minute. The BST determination was done at the
specific anatomic regions (mentioned above) using a digital
infrared laser thermometer (Fluke 62 MAX, Washington,
U.S.A), that was used placed approximately 50 centimeters
distant from the animal, according to the manufacturer’s
recommendations. BST was evaluated at 0.50 and 0.95
emissivity. Additionally, environmental temperature and
relative humidity were monitored concomitantly with RT and
BST, by a hygrometer (Incoterm Thermo-hygrometer, Sao
Paulo, Brazil).

2.3 Statistical analyses

The surface temperatures of the regions measured (face,
ribcage, rump and mammary gland) were compared by
variance analysis, relating irradiated BST with RT, the effect
at the different measurement regions for three days. The
thermal measurements of all cows were done at 8 am, 01 pm
and 04 pm, at 0.95 and 0.5 emissivity. The averages obtained
were compared by the Tukey test with a 5% probability.

Temperature evaluation at different emissivity was
performed by using the paired variance analysis comparing
the dependent variable (the square of the difference between
the estimated surface temperature and rectal temperature)
with the independent variable (the adopted emissivity). The
assumptions of the residual distribution adherence of models
regarding the normal distribution was evaluated by the
Kolmogorov-Smirnov test, while the heteroscedasticity was
calculated by the Levene test.

The animal utilization in the research was approved
(protocol # 005/2019) by the Animal Use Ethics Committee
(CEUA), University of Cuiaba.

3 Results and Discussion

During this study, the average rectal temperature
obtained was 39.0°+ 0.6 °C, with a lower rectal temperature
(P<0.05) identified when morning temperature readings
were compared to those done in afternoon (Table 1). The
results herein described are similar to those presented
(ROCKETT; BOSTED, 2012). Maintenance of body
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temperature is determined by the balance between heat
loss and gain. The physiological reference of this variable
is obtained by measuring the rectal temperature (DIRKSEN
et al., 1993). These variables can be influenced by extrinsic

factors, such as time of day when measurements were
taken, and consequently may interfere and can result in
variations of rectal temperature (BACCARI JUNIOR, 2001;
CARVALHO, 1995).

Table 1 - Average values of the variables evaluated relative to the time of the day and thermal measurement using infrared digital laser
thermometer with emissivity of 0.95 to determine body surface temperature in dairy cows

Variables Evaluated Average Values Time of Measurement

8 am. 01 pm. 04 pm.
Environmental temperature (C°) 26.5+5.2 21.2+1.9° 29.3 +4.6° 29.0 £ 3.6*
Relative humidity (%) 65+19 86 + O 53+ 16 57+13°
Rectal temperature (C°) 39.0+0.6 38.6 £0.3° 39.2+0.6* 39.3+0.6°
Facial temperature (C°) 38.0 £2.5™ 352+0.9° 39.5+2.2¢ 394+ 1.4
Ribcage temperature (C°) 38.4+£2.8M 353+ 1.1° 40.1 £2.6* 394+ 1.4
Rump temperature (C°) 38.7£2.9N 354+ 1.2° 40.7 £2.4* 403 +1.1*
Mammary gland temp. (C°) 393+2.7 36.4+1.3° 409 +£2.4° 40.7 £ 1.4°

Footnotes: ™ Not significant (P> 0.05) by Tukey test; * (P <0.05) by Tukey test. *® Different letters in the same line represent significant difference (P

<0.05) by Tukey test.
Source: Resource data.

Significant differences (P<0.05), by the Tukey test, were
identified at 0.50 emissivity when the BST determined at
the face, ribcage, and rump were compared relative to the
rectal temperature of all animals. These results suggest that
an emissivity of 0.50 was not efficient in measuring the BST
during this study. Alternatively, no differences (P>0.05) were
identified between the average rectal temperatures and the
average temperatures of all the anatomic locations evaluated
at 0.95 emissivity. Accordingly, thermal emissivity at 0.95
was used to evaluate all the results herein described (Table 1).

No statistical differences (P>0.05) were identified when
the average temperatures obtained at the face (38 °C), ribcage
(38.4°C), and rump (38.7 °C) were compared. Thermal
mensuration at the mammary gland was discarded due to the
correlation (r=0.470*,P<0.05) identified between elevated milk
production and higher temperature of the irradiated surface.
Consequently, the best options for thermal measurements
during this study were obtained at the regions of the face,
ribcage, and rump; however, the ribcage was considered as
the ideal sampling location for thermal mensuration due to
easy access (Table 1). The average difference between the
values of the rectal temperature obtained and estimated at the
body surface of the ribcage region with emissivity of 0.95 was
0.3430.062C°. These differences can be related to the color of
the anatomical location evaluated, since the face, ribcage and
rump of all the animals within this study were predominantly
black as compared to the white-colored mammary glands.
Consequently, the color of the anatomic location evaluated
influenced the temperature readings.

A significant increase in BST was associated with an
increase in environmental temperature taken during the
afternoons. The recorded environmental, rectal, and body
surface temperatures were significantly higher (P<0.05)
in the afternoons (01 pm and 04 pm) when compared to
those observed during the mornings (8 am). However, this
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relationship was inverted when the differences in relative air
humidity were compared between the afternoon and morning
measurements (Table 1). Similar results for environmental
and rectal temperatures were described (AZEVEDO; ALVES,
2009; FERREIRA ef al., 2006; PERISSINOTTO et al., 2007).
be highlighted that all the
determinations during this experiment were performed in

It must temperature
cows maintained within a shaded area and with the utilization
of a digital infrared laser thermometer. This methodology,
under these conditions, was efficient to determine the body
temperature of dairy cows and may be a useful tool to evaluate
heat stress in these animals, which have jeopardizing effects
on milk production (PORCIONATO et al., 2009) and fertility
(ROMAN-PONCE et al., 1977).

The best emissivity for temperature determinations was
obtained with 0.95 at the ribcage region. Accordingly, a
regression analysis was established between rectal temperature
and irradiated body surface temperature (middle rib region).
This resulted in the equation RT =0.143 x BST +33.534 (result
in degrees Celsius), where RT is the rectal temperature and
BST is the irradiated body surface temperature. This model
was considered as significant (P<0.01), having a determination
coefficient of 82% and Durbin-Watson coefficient of 2.31. The
results of this experiment may be beneficial to farmers and
technicians, whereby the utilization of digital infrared laser
thermometry can estimate the cows’ rectal temperature as well
as evaluate the cattle’s thermal comfort and health. With this
in mind, Chung et al. (2010) established equations to estimate
the piglets’ rectal temperature using non-contact infrared
thermometry and suggested that the established equations
could serve as a valid alternative for the determination of
rectal temperature, without inducing stress in animals.

4 Conclusions

The use of an infrared digital laser thermometer at an

254



emissivity of 0.95 directed at the middle ribcage region of
dairy cows, may be used to determine the rectal temperature
in cattle. This methodology can help assess the thermal
comfort of dairy cows, may facilitate management practices
and reduce animal discomfort and stress due to the rectal
introduction of the thermometer.

References

AZEVEDO, D.M.M.R.; ALVES, A.A. Bioclimatologia aplicada
a produc@o de bovinos leiteiros nos tropicos. Embrapa Meio-
Norte, v.21, p.83, 2009.

BACCARI JUNIOR, F. Manejo ambiental da vaca leiteira em
climas quentes. Londrina: UEL, 2001.

CARVALHO, F.A. et al. Breed effects thermoregulation and
epithelial morphology in imported and native cattle subjected
to heat stress. J. Anim. Sci., v.73, n.12, p.3570-3573, 1995. doi:
10.2527/1995.73123570x.

CHUNG, T. et al. Comparison of rectal and infrared thermometry
for obtaining body temperature of gnotobiotic piglets in
conventional portable germ-free facility. Asian-Australasian
J. Anim. Sci., v.23, n.10, 1364-1368, 2010. doi: 10.5713/
jas.2010.90507.

CRUZ, LV. et al. Efeitos do estresse térmico na produgao leiteira:
revisdo de literatura. Rev. Cient. Elet. Med. Vet., v.16, p.1-18,
2011.

DIKMEN, S. et al. Genome-wide association mapping for
identification of quantitative trait loci for rectal temperature
during heat stress in Holstein cattle. Plos One, v.8, n.7, p.1-7,
2013. doi: 10.1371/journal.pone.0069202.

DIRKSEN, G. et al. Exame clinico dos bovinos. Rio de Janeiro:
Guanabara Koogan, 1993.

FERREIRA, F. et al. Parametros fisioldgicos de bovinos cruzados
submetidos ao estresse calorico. Arg. Bras. Med. Vet. Zoot., v.58,
n.5, p.732-738, 2006. doi: 10.1590/S0102-09352006000500005.

GODYN, D. et al. Measurements of peripheral and deep body
temperature in cattle — A review. J. Therm. Biol., v.79, p.42-49,
2019. doi: 10.1016/j.jtherbio.2018.11.011.

LEME, T.M.S.P. et al. Comportamento de vacas mestigas
holandés x zebu, em pastagem de Brachiaria decumbens em
sistema silvipastoril. Rev. Ciénc. Agrotec. v.29, n.3, p.668-675,
2005.

Ensaios e Ciéncias, v.26, n.2, 2022, xxx

LIN, Y.C. et al. Optimising lameness detection in dairy cattle by
using handheld infrared thermometers. Vet. Med. Sci., v.4, n.3,
p-218-226, 2018. doi: 10.1002/vms3.104.

LIU, J. et al. Effects of heat stress on body temperature, milk
production, and reproduction in dairy cows: a novel idea for
monitoring and evaluation of heat stress: a review. Asian-
Australas J. Anim. Sci., v.32, p.1332-1339, 2019. doi: 10.5713/
ajas.18.0743.

McCAFFERTY, D.J. et al. Challenges of measuring body
temperatures of free-ranging birds and mammals. Anim. Biotec.,
v.3,n.33. p.1-10, 2015. doi: 10.1186/s40317-015-0075-2.

NIKKHAH, A. et al Infrared thermography and visual
examination of hooves of dairy cows in two stages of lactation.
J. Dairy Sci., v.88, p.2749-2753, 2005. doi: 10.3168/jds.S0022-
0302(05)72954-4.

PERISSINOTTO, M. et al. Avaliagdo da producdo de leite em
bovinos utilizando diferentes sistemas de climatizagdo. Rev. Cién.
Agr:, v.30,n.1, p.135-142, 2007. doi:10.19084/rca.15388.

POLSKY, L.; VON KEYSERLINGK, M.A.G. Invited review:
Effects of heat stress on dairy cattle welfare. J. Dairy Sci., v.100,
p.8645-8657,2017. doi: 10.3168/jds.2017-12651.

PORCIONATO, M.AF. et al. Influéncia do estresse caldrico
na producdo e qualidade do leite. Rev. Acad. Cién. Agrarias
Amb., v.7, n.4, p.483-490, 2009. doi: 10.7213/cienciaanimal.
v7i4.10292.

ROCKETT, J.; BOSTED, S. Exame fisico. In: ROCKETT, J;
BOSTED, S. Procedimentos clinicos veterinarios na pratica de
grandes animais. S3o Paulo: Cengage Learning, 2012. p.72-123.

ROMAN-PONCE, H. et al. Physiological and production
responses of dairy cattle to a shade structure in a subtropical
environment. J. Dairy Sci., v.60, n.3, p.424-430, 1977. doi:
10.3168/jds.S0022-0302(77)83882-4.

SILVA, T.C. Concepgdo, projeto, construgdo e um teste de um
aparato experimental para medi¢do de emissividade de ligas com
memoria de forma. Brasilia: Universidade de Brasilia, 2014.

ST-PIERRE, N.R.; COBANOV, B.; SCHNITKEYT, G. Economic
losses from heat stress by US Livestock Industries. J. Dairy Sci.,
v.86, p.52-77, 2003. doi: 10.3168/jds.S0022-0302(03)74040-5.

STOKES, J.E. et al. An investigation into the use of infrared
thermography (IRT) as a rapid diagnostic tool for foot lesions in
dairy cattle. Vet. J., v.193, n.3, p.674-678, 2012. doi: 10.1016/j.
tvjl.2012.06.052.

255



