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Abstract 
Infrared Thermography (IRT) has emerged as a valuable tool in livestock management due to its non-

invasive, on site, portable, real time nature and ability to detect thermal variations in animal bodies. This technology 
utilizes infrared radiation emitted by an object to create thermograms  that represent its temperature distribution, 
offering insights into physiological processes and potential health is sues. In the field of veterinary sciences, IRT 

finds applications across various domains, including animal health assessment, lameness detection, injury diagnosis, 
and monitoring of physiological responses to treatments or environmental conditions. By dete cting subtle 

temperature changes, IRT can aid in the early detection of musculoskeletal injuries, inflammation, and infections, 
facilitating timely intervention and improving animal welfare. Moreover, its non-contact nature minimizes stress for 
animals, making it particularly suitable for monitoring exotic or wild species  too. Despite its advantages, 

standardization of protocols and interpretation of thermal patterns remain among challenges. Nevertheless, ongoing  
research and advancements in technology continue to enhance the utility of IRT as a valuable adjunctive tool in 
wide area of livestock management. 
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Introduction 
IRT imaging, initially used in military equipments for most of the last century, has rapidly gained civilian 

use in last two decades. During COVID-19 outbreak, researchers applied the IRT principle to examine temperature 

rise for screening human at various public places during mass gatherings. This being a fast, real time, remote and 
non-invasive technique, its applications in animal health and welfare are demand of the hour. The advanced software 

and high-resolution infrared detectors and integrated artificial intelligence algorithms has opened new ways for 
developing automation of specific activities such as  automated IR thermal camera-based mastitis screening in a 
dairy farm. 

Infrared (IR) waves occupy a range of the electromagnetic spectrum larger than visible light but smaller 
than microwaves. This segment encompasses wavelengths from approximately 0.7 micrometers (700 nanometers) to 
1000 micrometers. The IR spectrum is commonly categorized into near, mid, and far infrared. Near-infrared (NIR) 

extends from 0.7 µm and goes upto up to around 3 µm. Mid-IR spans wavelengths from approximately 3 to 15 
micrometers and includes the region known as thermal infrared. All hot bodies emit IR, having temperature above 

absolute zero ( -459.67 °F, or 0 Kelvin, or - 273.15 °C) result in vibration and rotation of molecule within the 
material. More is the temperature of the body, the higher is the frequency and shorter the wavelength. Hence thermal 
radiation becomes the primary source of IR radiation. 

The journey of IRT started with the advent of IR radiation by William Herschel in 1800 AD. It works on 
the principle of emission of IR radiation by all objects proportionate to their temperature (Stefan-Boltzmann law) by 
means of conduction, convection, and radiation (Poikalainen et al., 2012). With t ime new generations of 

thermographic equipments were developed in the 1960s and 1970s by Japan, Europe and America. IRT is a 
relatively novel, user-friendly, non-intrusive method (Figure 1) that provides graphic images of animals without 

exposing users to radiation and measures the body's surface temperature due to change in blood flow (Figure 2) 
depending upon the environmental and physiological condition (Mcmanus et al., 2015). As a result, IRT has paved 
the way for advancements in livestock management. Effective quality management is very crucial for profitability in 

livestock rearing (Ugorets et al., 2021). IRT facilitates insights into areas such as feed efficiency, disease detection, 
environmental stress monitoring, inflammation identification, male and female reproductive health, and the 
detection of ectoparasite infestations (Paim et al., 2013; Mcmanus et al., 2016). IRT has some restrictions, including 

the possibility that factors like sunshine, moisture, dirt, and weather will affect how accurate the IRT is. It also 
depends on the object's stability, the handler's expertise, and the distance between the object and the tool. Because of 

its technological progress, IRT may be utilized to measure body surface temperature alterations both ways locally as 
well as across time. 

 
 

Fig 1: Advantages of IRT Figure 2: Functioning of IRT 
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Factors influencing IRT 
During thermal imaging, a variety of factors, including biological, technological, and environmental ones, 

can impact IRT. The true temperature that thermography measure in mammals and birds is lower than the exterior 

physical surface. Thus, IRT takes a temperature reading of skin surface. Body surface where hair is absent, emits 
radiation and the superficial blood circulation—vasoconstriction and vasodilation in response to physiology, activity 

and environment is reflected in the surface temperature. Both solar energy and reflected IR rays have a remarkable 
impact on the temperature of body surfaces. The surface's emissivity needs to be known for accurate estimation. 
With emissivities ranging from 0.94 to 1.0, the majority of animal coats are thought to be blackbody emitters; 

however, emissivities can be altered by water and/or dirt. As we know dark colour has higher solar absorption as 
compared to light colour, therefore for better thermal pattern study animals should be preferably in shaded/dark area 
or in an area free from direct sunlight. Water and water vapor absorb far more infrared light. Therefore, in dense fog 

or cloud, as well as on wet animals, results of thermal imaging will be less reliable. Water evaporation cools the 
surface and can persist for a considerable amount of time, depending on the surroundings. According to Tattersall et 

al. (2009) surface temperature changes are greatly dependent upon blood flow to the underlying tissue, as well as the 
strength of vasodilation/constriction and activity. Since IR radiations are isotropic, meaning from a curved surface 
they radiate evenly in all directions, measurements taken from a distance cannot capture all of the radiations released 

at large viewing angles. According to Montanholi et al. (2015), temperature measurements generally increased as 
the IR camera's distance from the target or animal increased. Wind-induced increases in convective heat loss will 
cause cattle's surface body temperature to change. Once wind flow was stopped on the skin's surface, there was a 

direct association between temperature readings on the image and metabolic rate (Schutz et al. , 2010). For this 
reason, in order to prevent the body's surface from cooling, the IR pictures must be taken in calm air. Increased 

blood flow results in localized rise in heat at the scratching location. Dark coats bearing animals tend to absorb more 
solar radiation than those having lighter coats (Maloney et al., 2009). An adjustment period should be allowed 
before the IR imaging after any physical activity and if the animal's feet are tucked beneath the body for longer 

periods (Gloster et al., 2011). Therefore, these aspects need to be taken into account while performing thermal 
imaging. 

Application in livestock management 
Udder health 

Even before the mastitis symptoms appear IRT is capable of monitoring the rise in local surface 
temperature caused due to inflammation process going on underlying local part. Polat et al. (2010) compared IRT 

with conventional mastitis tests for SCM detection in Brown Swiss cows (n=62) and revealed that the udder skin 
surface temperature (USST) had a positive correlation with both CMT (r = 0.86) and Somatic Cell Count (SCC) (r = 
0.73). Additionally, when the CMT score grew, it was shown by the receiver operating characteristics curve that 

SCC increased exponentially while USST increased linearly. Negative association between averages temperatures at 
quarter (-0.12℃) (p<0.05) and teat (-0.28℃) (p<0.01) level and SCC was observed by Bortolami et al. (2015). They 
concluded that IRT was unable to distinguish between positive and negative cattle indicating poor diagnostic value 

of thermal imaging in dairy cows.  
Metzner et al. (2014) analyzed pre and post-inoculation thermograms of caudal udder surface of cows in 

good health by inoculating E. coli into the right hind quarter by using geometric analysis shapes such as polygons, 
rectangles, lines etc. There was increased temperature of quarter in images along with elevated SCC as compared to 
healthy quarter. Significant detection of changes in caudal udder surface was obtained in polygon shape. Paim et al. 

(2013) reported physiological response of animals in mammary gland disorders can be evaluated via IRT. In a study 
conducted by Sathiyabarathi et al. (2016) it was found that SCM-affected quarter had higher temperature than rectal 
body temperature by 1.51℃ showing a positive linear relation with SCC and EC (R2>0.95). Similar results were 

obtained in Karan Fries cows (Sathiyabarathi et al., 2018). The USST of CM and SCM affected quarters was 1.1 and 
0.8°C higher than the healthy quarter and body temperature. The increase in USST of SCM quarters showed a 

positive correlation with the SCC. Martins et al. (2012) also corroborated similar findings in sheep. Sensitivity and 
specificity of IRT for udder health in dairy cows were obtained as 78.6% and 77.9%, respectively. These results 
were obtained based on values of SCC at different levels classifying mild mastitis at a threshold of 2,00,000 

cells/mL. However, when a threshold of 4,00,000 cells/mL was used for classification of mild mastitis, the 
sensitivity and specificity values declined to 71.4% and 71.6%, respectively. Sarubbi et al. (2020) stated 
significantly positive correlation between temperature and different categories of SCC in buffaloes. Such results 

shows that thermal imaging can be utilized as sensitive screening measure indirectly for detection of sub-clinical 
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mastitis in bovines. Machado et al. (2021) observed that left fore udder temperature (R2=0.92), rear udder 
temperature (R2=0.86) and average udder temperature (R2=0.94) were good in predicting udder infection based on 

SCC, respectively in crossbred cows. The most promising region for imaging was  anterior udder quarters showing 
stronger correlations (r) of 0.87 and 0.88 between LFUT and RFUT with SCC, respectively.  

Gayathri et al. (2024) stated significant increase in short milking tube surface temperature in SCM and CM 

quarters in contrast to healthy quarters, respectively in Murrah buffaloes. Also,  the USST for pre-milking, milking, 
and post-milking of SCM and CM as opposed to healthy quarters showed an increase (p<0.05) of 2.17, 1.96, and 

1.61ºC and 3.11, 2.88, and 2.73ºC, respectively. Their results showed a strong positive correlation of CMT and SCC 
with IRT. Gayathari et al. (2023) documented similar outcomes in Sahiwal cows. Some studies regarding 
application of IRT in udder health are mentioned in Table 1. 

Hoof health 
For the early and efficient identification of a variety of foot problems, including corns, laminitis, abscesses 

and navicular disease, IRT might be an useful aid for detecting contralateral temperature differences in foot. Due to 

arteriovenous plexus, warmest part of the normal limb thermogram comes out to be the coronary band. In 
comparision to conventional diagnostic aids such as radiography, ultrasonography etc, IRT had good amount of 
practicality if combined with thorough clinical examination. Rainwater-Lovett et al. (2009) suggested that IRT can 

serve as efficient tool in minimizing sample load required for diagnostic confirmation during FMD outbreak. A  cut-
off value of 25.25˚C was developed with 72% sensitivity and 73% specificity to detect hoof lesions by Main et al. 

(2012). Higher coronary band temperature with sensitivity  of 89.1% and specificity of 66.6% was recorded by 
Alsaaod et al. (2014) in detection of digital dermatitis using IRT. Oikonomou et al. (2014) discovered that the 
temperature of the sole increased as the lameness score increased and dropped as the thickness of the digital cushion 

grew in dairy cows. Increased CBT was observed in white line disease, sole ulcer and digital dermatitis  as compared 
to healthy foot in dairy animals (Orman and Endres, 2016). On monitoring foot thermograms of Holstein cows, 
Bobic et al. (2018) reported highly significant difference (p<0.001) in mean, maximum and minimum temperature 

of coronary band between healthy and affected foot which is also affected by stage of lactation as well as parity. 
Thus, without physical and clinical inspection of foot, IRT can be utilized for early detection and management of 

lameness in livestock (Leach et al., 2012; Alsaood et al., 2015). Table 2 depicts various studies conducted using 
IRT. 

Female reproduction  
Bowers et al. (2009) explained the applicability of IRT for confirmation of mid to late gestation in mares.  

Increased pre and post ovulation vaginal temperature can be us ed as an indicator for improving heat detection in 

cows and sows (Sykes et al., 2012). Findings of Talukder et al. (2014) revealed that thermal imaging had higher 
sensitivity of estrus alert than visual observation thus, can be IRT used as a potential es trus detection aid. In contrary 

to these findings, Olğaç et al. (2017) stated that to assess skin surface temperature changes, thermal imaging can be 
a valuable aid but they denied it as a tool for routine heat detection in Anatolian Shepherd bitches .  

Male reproduction 
IRT may serve as a tool to assess various seminal parameters by measuring scrotal surface temperature in dairy 

animals. Negative correlation was reported between vascular cone diameter of testis and surface temperature of 

scrotum by Brito et al. (2012). Thermal imaging is having potential as an examination tool in andrological 
evaluations in stallion (Ramires-neto et al., 2012) as well as a non-invasive indicator tool of sub-clinical testicular 

factors possibly affecting fertility of stallion (Janet et al., 2015). During spermiogenesis, testicular gradient (TG) was 
highly negatively correlated to ocular and rectal temperature as per results reported by Menegassi et al. (2016) who 
therefore stated that IRT technique can be applied indirectly to assess the effect of environmental changes in 

testicular gradient (TG) and Ocular temperature (OcT) of Brangus bulls . Ruediger et al. (2016) reported that scrotal 
surface temperature (SST) influences the sperm motility and concentration in bulls  positively.  Yadav et al. (2019) 
evaluated the effect of SST on semen quality from five different centres of Haryana and Punjab in Murrah bulls 

using the IR camera. On the basis of TG, bulls were grouped into three (I- 3.11±0.10 ºC, II- 4.91±0.09 ºC and III- 
8.03±0.26 ºC) categories. A negative correlation was observed among TG and sperm abnormalities and positive 

correlation with mass activity and sperm concentration. Buffalo bulls' SST and semen quality were assessed by Silva 
et al. (2017) using IRT and reported that minimum SST and OcT were inversely connected with volume and 
progressive motility (P <0.01). A rise in the lowest SST had a negative effect on the integrity of the sperm 
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membrane (P<0.01). Additionally, there was a significant association (P<0.01) between the temperature of the OcT 
and rectal, spermatic cord and epididymal tail. Ahirwar et al. (2018) reported high correlation among proximal, mid 

and distal scrotal temperatures and THI in Murrah buffaloes. The THI, TG and OcT had significant influence on  
acrosomal integrity, sperm abnormalities, and plasma membrane integrity of fresh and post-thawed semen. The TG 
significantly influenced live sperm % and sperm concentration. 

Disease investigation 

Inflammation in muscles can be seen as hot spots on the thermograms along with oedematous swelling in 
the affected muscle leading to reduced blood flow to the muscle generating a cold spot. Cook et al. (2015) gave a 
concept that thermal images of swine herd can be used for detecting the febrile responses at lower le vel of 

prevalence, and therefore have ability for detection of disease and a tool for surveillance in swine barns. IRT was 
described by Islam et al. (2015) as a method for detecting heat emissions from pig skin in order to detect salmonella 
and E. coli infections early. 

Table 1: Application of IRT in udder health of livestock 
Reference  Species Camera Salient Findings 

Polat et al. (2010) Cattle IR FlexCam S As the severity of mastitis increased in terms of SCC, USST also 

increased (n=62) 

Metzner et al. (2014) Flir B20 HSV For automated mastitis monitoring, Polygons are the best shape 
(n=5) 

Machado et al. (2021) Fluke® model 

T iS10 

Anterior quarters of udder was the best region for IRT (n=28) 

Bortolami et al. (2015) P25 Inverse relation between SCC and quarter as well as teat 
temperature (n=98) 

Sathiyabarathi et al. (2016) Flir i5 ROC curve analysis revealed 37.61℃ as cut off value for SCM 

(n=19) 

Sathiyabarathi et al. (2017) Flir i5 SCM affected quarter has rise of 1.51°C as compared to body 
temperature (n=14) 

Sathiyabarathi et al. (2018) Flir i5 Rise of 0.8°C and 1.1°C in USST of SCM and CM as compared 

to temperature  of the body and healthy quarter (n=50) 

Gayathri et al. (2024) Buffalo Darvi DTL007 Rise of 2.19ºC and 3.72ºC in SCM and CM quarter respectively 
as compared to healthy ones (n=30-45) 

Sarubbi et al. (2020) Flir i7 Exponential rise in udder temperature and SCC (n=192) 

Martins et al. (2012) Sheep FLIR System Série-i Maximum udder temperature was higher in SCM animals as 

compared to healthy and CM animals (n=37) 

Table 2: Application of IRT in hoof health  
Reference  Species Camera Salient Findings 

Alsaaod and Buscher (2012) Cattle Jenoptik VarioCAM Hoof lesions led to increase of 0.64-1.09 °C rise in surface 

temperature of coronary band (n=24) 

Stokes et al. (2012) ThermaCAM E2 5.3°C change in clean feet’s temperature on surface area was 

observed in cows affected with digital dermatitis as compared to 

healthy (n=82) 

Renn et al. (2014) FLIR e40bx Change of 3.10 °C in surface temperature of lame feet as 

compared to healthy (n=150) 

Wilhelm et al. (2014) ThermaCam E300 In case of sole hemorrhages, there was rise of 1.2 °C in claw 

temperature of hind limbs (n=123) 

Siddalingaiah et al. (2022) Buffalo FLIR i5 Baseline thermographic information reported for the first  t ime on 

CBT, BT, HSST and ΔT differentials for buffalo (n=15) 

Cetinkaya and Demirutku 

(2012) 

Horse Flir P45 Surface temperature of the affected region increased by 0.5-1.5 °C 

(n=47) 

Amezcua et al. (2014) Swine Flir T300 In lame animals, surface temperature of upper metatarsus and 

phalanges rose by 1.32°C and 2.43°C (n=297) 

Talukder et al. (2015) Sheep Flir T620 1.3 °C change in surface temperature of  affected foot (n=15)  

Byrne et al. (2019) Flir T430sc Hoof lesions led to a change of 8.5 °C in hoof temperature (n=40) 

Gelasakis et al. (2021) Flir E8-XT In case of footrot, surface temperature of coronary band rose by 

2.2 °C (n=600) 

 



Ghanghas et al., 2025/ J. Livestock Sci. 16: 270-280 

 

275 

 

Welfare and stress assessment 
IRT can be applied for characterizing the effects of air movement on heat transfer and thermoregulation in 

pigs as new born piglet mortality is major cause of concern for swine industry recorded ear temperature using IRT in 
pigs and reported a significant rise in ear base temperature after two hours of transport. Paim et al. (2013) reported 
physiological response of animals in high temperature can be evaluated via IRT. IRT can be utilized to evaluate the 

thermal stress experienced in exercising horses when they were exposed to high temperature (Moura et al. 2011). 
IRT was utilized by Balhara et al. (2023) to study the natural diurnal behavior of the Banni buffalo which is best 
expressed when there is minimum disturbance in animal surroundings. Hence, IRT proved useful in studying 

nighttime behavior of buffaloes . 

Core body temperature  
Correlating with rectal or other recognized techniques of core body temperature determination, surface 

temperature measurement using IRT can also be used. Eye temperature has been employed in cattle (Abreu et al. 
2010) to estimate deep body temperature using thermal imaging. Traulsen et al. (2010) showed that thermography of 

specific body surface areas like teats  and vulva in sows can be a trustworthy alternate for predicting core 
temperature. Kammersgaard et al. (2013) concluded that maximum infrared temperature from full body 
thermograms can be utilized as an effective tool for assessing the thermal status in new born piglets, but not as 

similar substitute for rectal temperature. Balhara et al. (2024) revealed the utility of IRT as an efficient diagnostic 
tool for prediction of core body temperature in buffaloes.  

Methane production 
Results published by Gabbi et al. (2022) in Holstein, Gyr and Holstein X Gyr CB cows stated that left and 

flank thermographic temperature was substantially correlated with methane emission during entire study period. In 
order to study whether IRT is correlated to heat production and methane emission in Gyrolando F1 and Holstein 
breeds of cattle, Guadagnin et al. (2023) revealed IRT significantly positively correlated to Methane emission along 
with heat production, however the parts of body to which correlation was present varied between breeds. 

Studies on birds and other mammals  
Thermal imaging can be utilized to assess the insulation loss due to poor feather cover and quantitative 

measurement of feather cover or bare skin is  possible by thermography  Along with estimating total and regional 

heat loss obtained from thermography may be correlated to physiological function and adaptation to thermal 
challenges which is reported in studies on woodchuck, otters, vultures, elephants, camels and harbor seals as 
reported by Kuhn and Meyer (2009),  Weissenbock et al. (2010), Abdoun et al. (2012) and Nienaber et al. (2010) 

respectively. Administration of gonadotropin releasing hormone and elevated testosteronemia in Alpacas were 
associated with elevated scrotal temperature that can be measured by thermography (Stelletta et al. 2012). In case of 
small animals, there are very few studies reported on healthy dogs limbs by especially on the stifle joint carried out 

by Infernuso et al. (2010). Thermal imaging has given the idea regarding thermoregulatory capacity and 
physiological responses in Camelids of South America and the benefit of thermal windows and coat structure in the 

face is of the thermal challenge (Gerken, 2010). IRT was utilized to identify temperature variations associated with 
different experimental FMD infection sites in mule deer (Odocoileus hemionus). Researchers found that eye 
temperature did not substantially change with body temperature in well-focused thermograms. They came to the 

conclusion that IRT is a remote, quick, and non-invasive method for screening FMD suspected animals during an 
outbreak after observing a notable increase in foot temperature two days after the first foot lesion appeared (Dunbar 
et al. 2009). Combination of telemetry and body temperature thermography gave very interesting information for 

explaining behavior in neonates of rabbits and rodents and the mechanism for prevention of hypothermia in the 
initial few days of birth (Gilbert et al., 2012). Even though thermography is applicable for disease diagnosis in wild 

as well as domestic animals (Dunbar et al. 2009) reported the study of the environment where reptiles inhabit in 
captivity, although still it is not consistently developed application. Analyzing thermal gradient  in reptiles is 
beneficial as environmental thermal attributes are important in incubation, living and reproduction of any ectotherm. 

As per reports by, the examination of reptile enclosures will allow alteration of the “thermal” design which is 
suitable to individual species leading to optimum husbandry pratices and health. 
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Conclusion 
In conclusion, IRT stands as a pivotal technology in animal sciences, offering non-invasive insights 

towards overall animal management. Its ability to detect subtle temperature variations aids in early diagnosis as well 
as continued monitoring across diverse field of animal sciences. By minimizing stress and providing rapid, 
contactless assessments, IRT enhances animal welfare and facilitates research in fields such as veterinary medicine 

and wildlife conservation. Continued advancements and standardization efforts further underscore its importance, 
ensuring its continued integration as a valuable tool for holistic animal care, disease management, and scientific 
understanding in the realm of animal sciences. 
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