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Abstract 

 
The objective of this study was to investigate 

the influence of season and pregnancy stage on the 
temperature of various body areas of Holstein cows 
using digital infrared thermography, an effective and 
non-invasive technique. The temperature was recorded 
at several areas of the body surface to determine the 
most reliable body area for measurement of rectal 
temperature in pregnant and non-pregnant animals. 
Holstein cows (n = 24) were divided into groups 
according to their physiological stage. The experimental 
period was 365 days, containing a dry (April-September) 
and rainy (October-March) season, with parameters 
measured every 28 days. Thermographic data for 
different body areas, rectal thermometry, ultrasonography, 
and climatic data were collected between 7:00 and 9:00. 
Thermogram-recorded temperatures significantly differed 
(P < 0.05) between seasons and reproductive phases. 
Moreover, significant differences were noted between the 
temperatures of the flank, lateral udder, and perineal areas 
across seasons (P < 0.05). The udder, perineal, and rectal 
temperatures differed according to the reproductive phase 
(P < 0.05). Significant correlations (P < 0.01) were 
observed between reproductive phases and rectal, ocular 
globe, snout, flank, and perineum temperature. The body 
areas examined by thermographic imaging presented 
different temperatures, exhibiting physiological variation. 
Season and physiological stage influenced the 
temperature of body areas of milk cows.  
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Introduction 
 

The body temperature of dairy cows is a 
clinical parameter that assists in the diagnosis of disease 
and evaluation of physiological state, and body 
temperature measurements are used to identify animals 
in hyperthermy or with fevers (Poulse and McGuirk, 
2009; Luzi et al., 2013; Barros et al., 2016; Chacur, 
2017). Invasive techniques that capture and record body 
temperature in cattle are known; these include intra-
ruminal devices (Rose-Dye et al., 2011) and 
subcutaneously implanted transmitters (Georg et al., 
2009). The type of thermometer and thermometry 
technique used influences the variation noted in the 
measured rectal temperature (Suthar et al., 2011; Naylor 

et al., 2012). 
Digital infrared thermography is a highly 

accurate and non-invasive imaging technique that 
detects infrared radiation emitted by the surface of an 
object or living being, forming a thermographic image 
or thermogram (Turner, 1991; Eddy et al., 2001; 
Ruediger et al., 2016). Thermograms represent the 
temperature of an object’s surface with color, with the 
hottest areas recorded as white or red and the coldest, as 
blue or black (Colak et al., 2008). Infrared 
thermography assists in the early diagnosis of lesions 
that cause pain and inflammation and thermograpy can 
be installed in milking parlors to monitor surface 
temperatures of different areas of the body of dairy 
cows (Alsaaod et al., 2015). It can also be coupled with 
water troughs to identify animals and record the 
temperature of the ocular region, which is highly 
correlated with rectal temperature (Stewart et al., 2005). 

Digital infrared thermography is used as a 
complementary examination in the early diagnosis of 
subclinical and clinical mastitis (Colak et al., 2008; 
Poikalainen et al., 2012; Berry et al., 2003), the clinical 
evaluation of gestational phase (Bowers et al., 2009), 
and the detection of progesterone-related changes in 
body temperature in pregnant cows (Suthar et al., 2012). 

The present study was performed because of 
the limited availability of data in the literature regarding 
dairy cows in the tropics regarding their surface body 
temperature in different seasons and stages of 
pregnancy. This study was based on the hypothesis that 
the temperature of body areas of Holstein cows is 
influenced by rainfall distribution (rainy season and dry 
season) and physiological stage.  

The objective of this study was to investigate the 
influence of season and stage of pregnancy on the surface 
temperature of body areas of Holstein cows using digital 
infrared thermography, which is an effective and non-
invasive technique. The purpose was to determine the 
most reliable surface area in relation to the rectal 
temperature of pregnant and non-pregnant animals. 

 
Materials and Methods 

 
The experimental procedures were approved by 

the Committee on Ethics and Use of Animals in 
Experimentation (CEUA) of Universidade do Oeste 
Paulista-UNOESTE (University of West Paulista), 
under protocol 2918. 
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Location of experiment and study animals 
 

The experiment was carried out between March 
2015 and March 2016 in the municipality of Ribeirão 
dos Índios (Brazil), 21º58′33″S, 51º51°39′05″W, 386 m 
asl. This region has a tropical climate, with hot and 
rainy summers, and winters with a lower rainfall index 
than that of the summer (1700 mm/year). 

Lactation cows (n = 24) of the Holstein breed 
(pure by cross 31 × 32), predominantly having a white 
coat, aged 5.0 ± 1.3 years, were used in the following 
reproductive phases: 1 (1–95 days of pregnancy); 2 (96–
190 days of pregnancy); 3 (191–285 days of pregnancy); 
4 (immediate postpartum); and 5 (non-pregnant). The 
animals were separated according to their reproductive 
phase, with an average of four to five females per group, 
and each animal advanced to the next phase as gestation 
progressed. All animals were kept in a pasture of 
Brachiaria decumbens and received free access to corn 
silage, mineral mixture, and water. The experimental 
period was 365 days, during the dry season (March-
September) and rainy season (October-March).  
 
Data collection and examinations 
 

The cows were housed under a cement roof, 

and data were collected and tests performed in the 
following order: infrared digital thermography, 
ultrasonography mode B, climatic parameters at 
intervals of 28 days over 12 months.  
 
Infrared digital thermography 
 

Images were captured with an infrared digital 
thermography (Flir E40®, Sweden) at a distance of 1 m 
from the animal, with images captured in the same order 
for all animals as follows: ocular globe and muzzle 
(George et al., 2014); pelvis; abdomen and thorax as 
described by Metzner et al. (2014); perineum (vulva, 
dorsal commissure of the vulva, one-third of the vulva, 
ventral commissure of the vulva, right and left ischium); 
and mammary gland (right and caudal lateral areas) as 
described by Talukder et al. (2014). Thermograms of 
each body area were carefully captured in clean areas 
and without direct sunlight, as described by Hoffman et 
al. (2013). The emitting focus of the thermographic 
camera was directed perpendicular to the anatomical 
regions examined. Thermograms were processed by the 
computer program Flir Tools 2.1®. Figs. 1, 2, and 3 
present the thermograms of the body areas, representing 
the average temperature of each area.  

 

 
Figure. Thermograms with temperature data, obtained with the computer program in the areas 
examined: A. Ocular globe; B. Muzzle. 

 

 
Figure 2. Thermograms with data of the temperatures obtained with the computer program in the 
areas examined: C. Right side of the anterior mammary room (demarcated area) and the anterior 
ceilings base, 1/3 middle and end (marked points); D. Caudal area of the mammary quarters 
(demarcated areas) and ceilings; base, 1/3 medium and end (marked points). 
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Figure 3. Thermograms with temperature data obtained from the computer program in the areas 
examined: E. Rigght lateral pelvis, 1/3 mid abdomen, 1/3 ventral absdomen and thorax 
(demarcated areas); F. Vulva (demarcated area), dorsal commissure of the vulva, 1/3 of the vulva, 
ventral commissure of the vulva (marked points), right and left ischium (demarcated area). 

 
Ultrasonography mode B 
 

Transrectal ultrasound examinations (Aloka 
500®, Japan) were performed with a 5 MHz linear 
transducer to diagnose pregnancy based on the day of 
artificial insemination and to confirm the continuity of 
pregnancy. 
 
Meteorological parameters  
 

Meteorological parameters, including the wet 
bulb globe temperature, which is presented in degrees 
Celsius, black globe temperature (captures the emitted 
thermal radiation), ambient temperature, and relative 
humidity, were measured. These parameters were 
measured during each collection period every hour 
between 07:00 and 09:00 with a portable digital 
thermometer globe (Instrutemp HT30®, Brazil). 
 
Statistical analysis 
 

In this study, an analysis of variance was 
conducted for the means of period of the year (dry and 
rainy) and reproductive phase: 1 (1-95 days of 
pregnancy); 2 (96–190 days of pregnancy); 3 (191-285 
days of pregnancy); 4 (immediate postpartum); and 5 
(non-pregnant). For temperatures of flank, lateral udder, 
perineum, and caudal udder, an analysis of variance was 
conducted with means of collected data (1 to 12). In 
addition, we analyzed the interactions between these 
factors for each variable. For the interaction, an analysis 
of variance was performed to compare the variables 
between each of the levels of a given factor. These were 
compared using Tukey’s test at a significance level of

5%. Correlations were measured for reproductive phase 
and rectal temperature, and body area temperatures and 
rectal temperature. 

 
Results 

 
Table 1 presents the average values for each 

meteorological parameter (as gauged by three forms) 
and humidity for the rainy and dry seasons. 

The variable temperature of the flank, lateral 
udder, caudal udder, and perineum during collection 
times and averages and coefficients of variation are 
presented in Table 2. There was a significant difference 
(P < 0.05) between data collection periods, reproductive 
phases, and seasons. There were significant differences 
(P < 0.05) between data collection periods for different 
areas of the body: flank, lateral udder, caudal udder, and 
perineum on the thermograms (Figs. 1, 2, and 3). 
Regarding the lateral udder, there was a significant 
difference (P < 0.05) between reproductive phases. For 
the temperature of the flank, lateral udder, and 
perineum, there was a significant difference (P < 0.05) 
between seasons (Tab. 2). 

The udder, perineum, and rectal temperatures 
differed according to the reproductive phase (P < 0.05) 
(Tab. 3). 

Table 4 compares the flank and udder 
temperatures during the dry and rainy seasons, revealing 
significant differences (P < 0.05) between seasons.  

There were significant correlations (P < 0.01) 
between reproductive phases and rectal temperature, 
and rectal, eyeball, muzzle, flank, and perineum 
temperature (Tab. 4). 

 
Table 1. Average values of meteorological parameters in each season. 

Meteorological parameters  Season 
Rainy Dry 

WBGT (°C) 22.5 ± 1.9a 20.0 ± 4.4b 
Ambient  temperature (°C) 25.9 ± 3.1a 23.9 ± 5.1b 
Black globe temperature (°C) 26.1 ± 3.4a 23.8 ± 5.5b 
Relative humidity (%) 66.3 ± 14.0a 58.5 ± 14.5b 
BGHI 74.53a 70.91b 
Different letters in rows indicate significant differences (P < 0.05). WBGT: wet bulb globe temperature. BGHI: 
black globe humidity index. 
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Table 2. Mean values for variables by collection time, reproductive phase, and season. 

 
  Flank (ºC)  Lateral udder (ºC) Perineum (ºC) Caudal udder (ºC) 

Collect  

1 35.5 ± 1.4a 35.2 ± 1.6ab 35.2 ± 2.3ab 35.6 ± 1.4ab 
2 34.0 ± 0.7def 34.3 ± 1.4cd 34.4 ± 1.7bc 34.9 ± 1.2cd 
3 33.5 ± 1.5fg 34.1 ± 1.6cd 34.2 ± 3.0bc 34.9 ± 1.8bcd 
5 31.1 ± 1.9h 32.1 ± 2.5e 31.6 ± 4.5e 33.0 ± 1.8f 
6 34.4 ± 1.4cd 35.1 ± 1.6ab 33.8 ± 2.6cd 35.7 ± 1.4a 
7 33.1 ± 0.9g 33.9 ± 1.6d 32.8 ± 3.0d 34.1 ± 1.7e 

8 33.8 ± 0.8ef 34.2 ± 1.6cd 34.5 ± 2.2abc 34.8 ± 1.4cd 
9 35.1 ± 0.8ab 35.6 ± 1.3a 35.7 ± 1.7a 36.1 ± 1.3a 

10 34.6 ± 1.1bc 34.9 ± 1.5b 35.0 ± 2.0ab 35.5 ± 1.4ab 
11 33.6 ± 1.3fg 34.2 ± 1.5cd 34.1 ± 2.6bc 34.3 ± 3.2de 
12 34.3 ± 1.1cde 34.5 ± 1.7bc 34.6 ± 2.2abc 35.5 ± 1.4abc 

Reproductive phase 

1 33.9 ± 1.5a 34.3 ± 1.7b 34 ± 2.6ab 34.9 ± 1.7ab 
2 33.9 ± 1.8a 34.2 ± 2.1b 34.4 ± 2.7a 35.0 ± 1.8ab 
3 33.9 ± 1.6a 34.5 ± 1.6ab 34.6 ± 2.7a 34.8 ± 1.5ab 
4 34.1 ± 1.3a 34.9 ± 1.6a 34.2 ± 2.5a 35.1 ± 2.4 a 
5 33.1 ± 1.9b 33.8 ± 1.8c 33.4 ± 3.9b 34.6 ± 1.7 b 

Season Rainy 34.2 ± 1.2a 34.6 ± 1.6a 34.5 ± 2.4a 35.0 ± 1.8a 
Dry 33.3 ± 2.0b 33.9 ± 2.2b 33.5 ± 3.4b 34.8 ± 1.9b 

Collections 1 to 12 had intervals of 28 days. Reproductive Phase: 1: 0–95 days of pregnancy; 2: 96–190 days of 
pregnancy; 3: 191–285 days of pregnancy; 4: immediately postpartum; 5: not pregnant. Different letters in columns 
indicate significant differences (P < 0.05). 
 
 
Table 3. Mean values for rectal temperature collected by thermometry and udder and perineum temperatures 
collected with thermography during the different reproductive phases. 

Reproductive phase 1 2 3 4 5 
Udder 36.1 ± 1.2ab 36.6 ± 1.0ab 36.7 ± 0.9ab 36.1 ± 1.2a 35.8 ± 1.5b 
Rectal 37.8 ± 0.4b 38.0 ± 0.5ab 38.0 ± 0.4ab 38.2 ± 0.4a 38.0 ± 0.5ab 
Perineum 35.2 ± 1.2ab 35.3 ± 1.4ab 35.2 ± 1.2ab 35.8 ± 0.9a 34.6 ± 1.2b 

Different letters in rows indicate significant differences (P < 0.05). Reproductive phase: 1: 0–95 days of pregnancy; 
2: 96–190 days of pregnancy; 3: 191–285 days of pregnancy; 4: immediately postpartum; 5: not pregnant. Different 
letters in columns indicate significant differences (P < 0.05). 
 
 
Table 4. Correlations between reproductive phase and rectal temperature, and body area temperatures and rectal 
temperature. 

 
Rectal temperature 

 
Reproductive phase 0.215* 

 Ambient temperature 0.250* 
 Relative humidity -0.169* 
 Lateral udder 0.357* 

 
Ocular globe (Eyeball) 0.316* 

 
Muzzle 0.234* 

  

Fl
an

k  
A1 0.352* 

 
A2 0.347* 

 
A3 0.331* 

 
A4 0.377* 

 
Average 0.357* 

Pe
rin

eu
m

  
Ischium 0.256* 

 
A1 0.324* 

 
SP1 0.213* 

 
SP2 0.218* 

 
SP3 0.273* 

 
Average 0.331* 

*(P < 0.05) - Flank: A1: right side of the pelvis, A2: on-third mid-abdomen, A3: one-third ventral abdomen, and A4: 
thorax; perineum: A1: vulval temperature mean, SP1: dorsal commissure of the vulva, SP2: one-third of the vulva, 
SP3: ventral commissure of the vulva. 
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Discussion 
 

Regarding climatic factors, the results of the 
present study revealed that there were differences 
between seasons, corroborating the results reported by 
Berry et al. (2013) of positive correlations between 
temperatures measured with thermography and the 
ambient temperature and udder temperature. 

In relation to black globe humidity index 
(BGHI), Baêta (1985) points out that values in the range 
of 74-78 characterize an alert state and values in the 
range of 79-84 characterize animals that are in danger, 
which may lead to low yield. In the present study, BGHI 
did not characterize a state of alertness.  

Quantitative data for the ocular globe, muzzle, 
and flank temperatures were obtained as a measure of 
body temperature in pregnant Holstein cows, depending 
on the animal’s reproductive stage. The temperatures of 
several areas of the animal’s body surface were 
recorded to determine the most reliable area for 
measurement of rectal temperature. In the present study, 
the flank temperature was closest to that of the rectum. 

In the present study, thermographic images 
were obtained as described by Alejandro et al. (2014), 
Metzner et al. (2014), Talukder et al. (2015), and 
Chacur et al. (2016), who used areas and points to 
measure the surface temperature of the skin. In addition, 
those authors performed the same noninvasive 
examination and reported it to be accurate. Ambient 
temperature and relative air humidity are measured at 
the time of thermographic examination to ensure that 
accurate data are collected (Montanholi et al., 2015). 

The surface temperature of the body is 
influenced by the physiological health of the tissues and 
the oscillations caused by external factors (ambient 
temperature and relative humidity) (Gonçalves, 2013; 
Nikkhah, 2015). Light coats reflect heat, whereas dark 
coats absorb heat; therefore, capturing images of 
animals directly exposed to the sun should be avoided to 
obtain authentic thermographic images. 

In the present study, the temperature was 
measured with a portable camera with cows in 
shadowed areas. Previously, Schaefer et al. (2012) 
explored the use of a thermal image using a camera 
attached to a water station, which was able to scan the 
animal’s eye. Thus, because the animals visited the 
water trough daily, it could help the farmer to identify 
animals with high temperatures. The identified animal 
could then be examined.  

In the present study, there was a significant 
correlation between rectal temperature and ocular globe 
temperature. Validation of ocular globe temperature as 
an acceptable and accurate measure of rectal 
temperature has been conducted, and it is, therefore, a 
reliable measure of body temperature (Schaefer et al., 
2012; Barros et al., 2016).  

Temperatures collected for the flank, lateral 
udder, caudal udder, and perineal regions varied in 
relation to the periods in which they were collected. Such 
temperatures were similar to those described by Gil et al. 
(2013) and Chacur et al. (2016). With regard to the lateral 
udder and third of gestation variables, the temperature 

variations were 33.1 ± 3.9°C; similar results were 
obtained by Schaefer et al. (2012) and Okada et al. 
(2013) under different climatic conditions. There was a 
correlation between the temperature of the perineum and 
that of the muzzle, which is consistent with the findings 
of Metzner et al. (2014) and Talukder et al. (2015). 

The gestation phase influenced temperature 
variation among animals, such that pregnant animals 
presented higher body temperatures in relation to non-
pregnant cows. Suthar et al. (2012) and Rensis et al. 
(2015) reported that pregnant animals have a higher 
concentration of progesterone in their bloodstream 
compared with that of non-pregnant animals. This 
hormone has a thermogenic action and raises the body 
temperature of pregnant cows. The infrared images 
obtained in the present study were able to detect body 
temperature variations when comparing pregnant and 
non-pregnant cows. The variation in body temperature 
was 34.0 ± 2.4°C, which is similar to the values 
obtained by Gil et al. (2001) and Gabor (2016) who 
compared the body temperatures of pregnant and non-
pregnant animals. 

It can be concluded that different areas of the 
body examined by thermographic images presented 
different temperatures, showing physiological variation 
that may aid in the clinical evaluation of the areas 
examined. Body area surface temperatures of cows 
examined were positively correlated with rectal 
temperature. The most reliable surface temperature in 
relation to the rectal temperature was that of the flank 
when determined by infrared. Season and reproductive 
phase influenced the surface temperature of body areas.   

 
Acknowledgements 

 
We acknowledge the CNPq and CAPES for 

providing financial assistance. 
 

References 
 
Alejandro M, Romero G, Sabater JM, Díaz JR. 
2014. Infrared thermography as a tool to determine teat 
tissue changes caused by machine milking in Murciano-
Granadina goats. Livest Sci, 160:178-185. 
Alsaaod M, Schaefer AL, Büscher W, Steiner A. 
2015. The role of infrared thermography as a non-
invasive tool for the detection of lameness in cattle. 
Sensors, 15:14513-14525. 
Baêta FC. 1985. Responses of lactating dairy cows to 
the combined effects of temperature, humidity and wind 
velocity in the warm season. Thesis (PhD.). University 
of Missouri, Columbia. 
Barros DV, Silva LKX, Kahwage PR, Lourenço 
Júnior JB, Sousa JS, Silva AGM, Franco IM, 
Martorano LG, Garcia AR. 2016. Assessment of 
surface temperatures of buffalo bulls (Bubalus bubalis) 
raised under tropical conditions using infrared 
thermography. Arq Bras Med Vet Zootec, 68:422-430. 
Berry RJ, Kennedy AD, Scott SL, Kyle BL, Schaefer 
AL. 2003. Daily variation in the udder surface 
temperature of dairy cows measured by infrared 
thermography: potential for mastitis detection. Can J 
Anim Sci, 83:687-693.  



 Deak et al. Thermograms of body areas in pregnant dairy cows. 
 

Anim. Reprod., v.16, n.2, p.311-316, Apr./Jun. 2019 316  

Berry RJ, Kennedy AD, Scott SL, Kyle BL, Schaefer 
AL. 2013. Early detection of mastitis using infrared 
thermography in dairy cows. J Dairy Sci, 91:4244-4248. 
Bowers S, Gandy S, Anderson B, Ryan P, Willard S. 
2009. Assessment of pregnancy in the late-gestation 
mare using digital infrared thermography. 
Theriogenology, 72:372-377. 
Chacur MGM. 2017. Infrared thermography in buffalo 
reproduction. Rev Bras Reprod Anim, 41:180-187. 
Chacur MGM, Bastos GP, Vivian DS, Silva L, 
Chiari LNF, Araujo JS, Souza CD, Gabriel Filho 
LRA. 2016. Use of infrared thermography to evaluate 
the influence of the of climatic factors in the 
reproduction and lactation of dairy cattle. Acta Sci Vet, 
44:1412-1421.  
Colak A, Polat B, Okumus Z, Kaya M, Yanmaz LE, 
Hayirli A. 2008. Short communication: Early detection 
of mastitis using infrared thermography in dairy cows. J 
Dairy Sci, 91:4244-4252. 
Eddy AL, Van Hoogmoed LM, Snyder JR. 2001. The 
role of thermography in the management of equine 
lameness. Vet J, 162:172-181. 
Gabor G, Kastelik JP, Abonyi-Toth Z, Gabor P, 
Endrodi T, Balogh OG. 2016. Pregnancy loss in dairy 
cattle: relationship of ultrasound, blood pregnancy 
specific protein B, progesterone and production 
variables. Reprod Domest Anim, 51:467-473.  
Georg H, Ude G, Schwalm A, Wenderdel B. 2009. 
Investigation on temperature sensing injectable 
transponders for electronic animal identification and 
evaluation of suitable injection sites with bull calves. 
Landbauforschung Voelkenrode, 59:287-293. 
George WD, Godfrey RW, Ketring RC, Vinson MC, 
Willard ST. 2014. Relationship among eye and muzzle 
temperatures measured using digital infrared thermal 
imaging and vaginal and rectal temperatures in hair 
sheep and cattle. J Anim Sci, 92:4949-4955. 
Gil Z, Adamczyk K, Zapletal P, Frelich J, Šlachta M, 
Andreasik A. 2013. Impact of the location of the dairy 
cows in the barn on their body surface temperature. J 
Central Eur Agric, 14:228-237. 
Gil Z, Kural J, Szarek J, Wierzchós E. 2001. Increase in 
milk and body temperature of cows as a sign of embryo 
entry into the uterus. Theriogenology, 56:685-697. 
Gonçalves CSM. 2013. Uso da termografia no 
diagnóstico precoce da doença respiratória bovina em 
explorações de engorda. Lisboa, Portugal. Dissertação 
(Mestrado em Medicina Veterinária) Faculdade de 
Medicina Veterinária. 108f. 
Hoffman G, Schmidt M, Ammon C, Rose-
Meierhofer S, Burfeind O, Heuwieser W, Berg W. 
2013. Monitoring the body temperature of cows and 
calves using video recordings from an infrared 
thermography câmera. Vet Res Commun, 37:91-99. 
Luzi F, Mitchell M, Nanni C.L, Redaelli V. 2013. 
Thermography: current status and advances in livestock 
animals and in veterinary medicine. Brescia, Italy: 
Fondazione Iniziative Zooprofilattiche e Zootecniche.  
Metzner M, Sauter-Louiz C, Seemueller A, Petzl W, 
Klee W. 2014. Infrared thermography of the udder 
surface of dairy cattle: Characteristics, methods, and 
correlation with rectal temperature. Vet J, 199:5762. 

Montanholi YR, Lim M, Macdonald A, Smith BA, 
Goldhawk C, Schwartzkopf-Genswein K, Miller SP. 
2015. Technological, environmental and biological 
factors: referent variance values for infrared imaging of 
the bovine. J J Anim Sci Biotechnol, 6:27. 
Nikkhah A. 2015. Infrared Termography as a 
Prognostic Live stock. Agrotechnology: A Critique. 
Agrotech, 4:e112. 
Naylor JM, Streeter RM, Torgerson P. 2012. Factors 
affecting rectal temperature measurement using 
commonly available digital thermometers. Res Vet Sci, 
92:121-123. 
Okada K, Takemura K, Sato S. 2013. Investigation of 
various essential factors for optimum infrared 
thermography. J Vet Med Sci, 75:1349-1353. 
Poikalainen V, Praks J, Veermäe I, Kokin E. 2012. 
Infrared temperature patterns of cow’s body as an 
indicator for health control at precision cattle farming. 
Agric Res Biol Engin, 1:187-194.  
Poulsen KP, Mcguirk SM. 2009. Respiratory disease 
of the bovine neonate. Vet Clin North Am Food Anim 
Pract, 25:121-137. 
Rensis F, Garcia-Ispierto I, López-Gatuis F. 2015. 
Seasonal heat stress: Clinical implications and hormone 
treatments for the fertility of dairy cows. 
Theriogenology, 84:659-666.  
Rose-Dye TK, Burciaga-Robles LO, Krehbiel CR, 
Step DL, Fulton RW, Confer AW, Richards CJ. 
2011. Rumen temperature change monitored with 
remote rumen temperature boluses after challenges with 
bovine viral diarrhea virus and Mannheimia 
haemolytica. J Anim Sci, 89:1193-1200. 
Ruediger FR,  Chacur MGM,  Alves FCPE, Oba E, 
 Ramos AA. 2016. Digital infrared thermography of the 
scrotum, semen quality, serum testosterone levels in 
Nellore bulls (Bos taurus indicus) and their correlation 
with climatic factors. Semina Agrárias, 37:221-232.  
Schaefer AL, Cook NJ, Bench C, Chabot JB, Colyn 
J, Liu T, Okine EK, Stewart M, Webster JR. 2012. 
The non-invasive and automated detection of bovine 
respiratory disease onset in receiver calves using 
infrared thermography. Res Vet Sci, 93:928-935. 
Stewart M, Webster JR, Schaefer AL, Cook NJ, 
Scott SL. 2005. Infrared thermography as a non-
invasive tool to study animal welfare. Anim Welfare, 
14:319-325. 
Suthar VS, Burfeind O, Bonk S, Dhami AJ, 
Heuwieser W. 2012. Endogenous and exogenous 
progesterone influence body temperature in dairy cows. 
J Dairy Sci, 95:2381-2389. 
Suthar VS, Burfeind O, Patel JS, Dhami AJ, 
Heuwieser W. 2011. Body temperature around induced 
estrus in dairy cows. J Dairy Sci, 94:2368-2373. 
Talukder S, Thomson PC, Kerrisk KL, Clark CEF, 
Celi P. 2015. Evaluation of infrared thermography body 
temperature and collar-mounted accelerometer and 
acoustic technology for predicting time of ovulation of 
cows in a pasture-based system. Theriogenology, 
83:739-748. 
Turner TA. 1991. Thermography as an aid to the 
clinical lameness evaluation. Vet Clin North Am Equine 
Pract, 7:311-338. 

 

http://lattes.cnpq.br/0100220542731364�
http://lattes.cnpq.br/0100220542731364�
http://lattes.cnpq.br/1962201712928141�
http://lattes.cnpq.br/0815045034065131�
http://lattes.cnpq.br/0100220542731364�
http://lattes.cnpq.br/9224380586557664�
http://lattes.cnpq.br/9224380586557664�
http://lattes.cnpq.br/6444654236302951�
https://scholar.google.com.br/scholar?hl=pt-BR&as_sdt=0,5&qsp=1&q=large+animal+theriogenology&qst=i�

	Metzner M, Sauter-Louiz C, Seemueller A, Petzl W, Klee W. 2014. Infrared thermography of the udder surface of dairy cattle: Characteristics, methods, and correlation with rectal temperature. Vet J, 199:5762.
	Montanholi YR, Lim M, Macdonald A, Smith BA, Goldhawk C, Schwartzkopf-Genswein K, Miller SP. 2015. Technological, environmental and biological factors: referent variance values for infrared imaging of the bovine. J J Anim Sci Biotechnol, 6:27.

