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Abstract 
Estrus identification in dairy animals is always a point of interest as it is well established that the 

pregnancy rate associated with heat detection rate; therefore in the present study 80 multiparous and 24 

cyclic heifers of Sahiwal cows were monitored by digital thermal imaging DarviDTL007 camera during 

estrus and non-estrus period. The vulval, eyeball, ear and muzzle images of 12 cyclic heifers and 40 

cyclic multiparous Sahiwal cows in estrus and a similar number of animals in the non-estrus period were 

taken. The images were analyzed by Darvi T1 analysis software. The results depicted that the muzzle 

(2.4 °C and 1.37 °C), eye (0.64 °C and 1.6 °C), ear (1.2 °C and 1.5 °C), and vulva (1.95 °C and 2.41 °C) 

temperature was found to be significantly (p<0.05) higher during estrus period as compared to non-estrus 

period both in cyclic multiparous and cyclic heifers of Sahiwal cows. Therefore, IRT is an upcoming 

non-invasive technology that can be used to monitor increases in temperature of Sahiwal cows during 

estrus. 
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Introduction 

The estrous cycle in cattle is 21 days ranging from 18 to 24 days. In Indian conditions, about 

Rs. 5000-7000 losses occur (in terms of cost of feed, labor, milking, medicine, and veterinary 

expenses, parallel keeping breeding bull) if one heat is missed without insemination and 

conception (Madkar et al., 2015) [9]. Effective reproductive management can be achieved if 

heat detection aids are combined with an expert eye. Sexually mature cows displayed a change 

in body temperature pattern during estrus. An increase of core body temperature around 1.3 °C 

on the day of estrus was observed every 21 days (Piccione et al., 2007) [13]. The higher 

temperature in the vulva area is attributed to increased circulation and vasodilatation of the 

region, which occurs due to high concentrations of circulating estrogen during estrus, causing 

edema and vulvar hyperemia (Lamothe-Zavaletha et al., 1991; Sumiyoshi et al., 2014) [6, 17]. 

The use of a clinical thermometer to monitor temperature has its own set of challenges and 

drawbacks, including being stressful for the animal and the worker, the risk of zoonotic 

disease transmission, and the fact that handling can cause an increase in temperature. The use 

of non-invasive IRT technology is a recent interest in animals science; temperature change 

may be increase or decrease in a particular body surface area due to change in blood flow to 

that particular area under various circumstances (Harper, 2000) [3]. IRT has become an 

upcoming technology in diagnostic as a supportive tool. In the field of animal science, 

researchers are exploring the use of Infrared thermography for the identification of estrus in 

Holstein Friesian cows (Talukder et al., 2014; Hurnik et al., 1985) [19, 4], Sow (Sykes et al., 

2012; Bowers et al., 2009; Simões et al., 2014; Lee et al., 2019) [18, 1, 16, 7] and in buffalo 

(Ruediger et al., 2018) [15]. The point of interest in the present study is the assessment of the 

change in temperature during estrus using non-invasive IRT technology. In normal or silent 

estrus, thermography in detecting cows in estrus can improve pregnancy rates, as the 

temperature during estrus increases significantly (Osawa et al., 2004) [12]. 

 

Material and methods 

Location of study  

The present study was conducted in Livestock Research Centre (LRC), ICAR-National Dairy 

Research Institute (ICAR-NDRI), Karnal, Haryana, India.  
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This is a sub-tropical climatic region, and annual minimum-

maximum temperature ranges from 4 to 45 °C.  

 

Experimental animals 

The present study was conduct on 80 multiparous and 24 

cyclic heifers of Sahiwal cows.  

 

Infrared thermography camera and analysis software 
In the present investigation, thermographic images of all the 
animals were captured using hand-held, high image resolution 
(384 X 288 pixels), digital infrared thermal camera (Darvi 
DTL007 camera, TAK Technologies Pvt. Ltd). The thermal 
camera can capture a temperature range of -20 °C to +650 °C. 
The thermal sensitivity of the IRT camera was < 20 °C with 
an accuracy of ±2%. Before capturing of IRT image, the 
camera was adjusted to the ambient conditions. The camera 
was calibrated to ambient temperature and humidity.The 
value of emissivity and reflected apparent temperature was 
kept constant for all the images as 0.96 and 20 °C, 
respectively, which is recommended for biological tissue 
analysis based on the manufacturer's recommendation. The 
surface temperature of each photographic episode was 
analyzed using thermal image analysis software (Darvi TI 
analysis software). Before this, unclear thermal images were 
excluded from the analysis; the maximum temperature of the 
particular region of the images was recorded and used in the 
statistical analysis.  
 

Experimental design  
The vulval, eyeball, ear and muzzle images of 12 Sahiwal 
cyclic heifer and 40 cyclic multiparous animals in estrus and a 
similar number of animals in non-estrus were taken using a 
handheld digital thermal imaging DarviDTL007 camera 
(image resolution: 384X288). Before taking the IRT image, 
the individual animals were brought to AI shed and restrained 
in a shaded area to minimize the interference of light, wind 
velocity, and humidity to adapt to the same conditions. The 
vulval and muzzle region was cleaned with a clean, dry towel 
to remove dung and other dirt. After cleaning the animal was 
rested for 15 to 20 minutes to reduce the stress before 
thermography. Then thermographic images of the muzzle and 
vulval areas were taken in cyclic heifers and milch animals in 
morning hours 8.00 AM to 10.00 AM. The animals were in 
Estrus and Non-estrus phase was confirmed by an 
experienced veterinarian working in the Artificial 
Insemination laboratory having more than 20 years of 
experience. 
 

Statistical analysis 

The muzzle, eye, ear and vulva temperature of multiparous 

animals and cyclic heifers during the estrus and non-estrus 

period was analyzed using paired sample t-test using SPSS 

22.0 software (IBM Corporation, Armonk, New York, USA).  

 

Results and Discussion 

The Mean±SE (°C) of different body point’s temperature in 

cyclic multiparous animals during the non-estrus and estrus 

period were 29.01±0.61 and 31.44±0.42 for muzzle, 

35.77±0.19 and 36.41±0.17 for eye, 30.32±0.53 and 

31.53±0.37 for ear, and 34.73±0.29 and 36.68±0.16 for vulva, 

respectively. The Mean±SE (°C) of different body point’s 

temperature in cyclic heifers during non-estrus and estrus 

period were 30.78±0.46 and 32.15±0.48 for muzzle, 

35.19±0.34 and 36.87±0.13 for eye, 30.11±0.56 and 

31.70±0.53 for ear, and 35.08±0.44 and 37.49±0.11 for vulva, 

respectively. The muzzle (2.4 °C and 1.37 °C), eye (0.64 °C 

and 1.6 °C), ear (1.2 °C and 1.5 °C), and vulva (1.95 °C and 

2.41 °C) temperature was found to be significantly (p<0.05) 

higher during estrus period than non-estrus period both in 

cyclic multiparous animals and cyclic heifers. Similar to the 

present finding Vicentini et al. (2020) [21] also reported 

increased muzzle, eye, and vulva temperature during estrus. 

The increase of vaginal and vulvar temperature during estrus 

was also recorded by various researchers (Wrenn et al., 1958; 

Redden et al., 1993; Kyle et al., 1998) [23, 14, 5]. Similar to the 

present finding, Talukder et al. (2014) [19] and Marquez et al. 

(2019) [10] also reported increase in muzzle, eye and vulva 

temperature during estrus. In a similar line, Tiwari et al. 

(2021) [20] also reported significantly (p<0.01) higher muzzle 

and vulva temperature of Sahiwal cows during estrus 

(34.72±0.21 and 39.15±0.15ºC) as compared to non-estrus 

cows (32.15±0.09 °C and 35.49±0.08 °C). During estrus, the 

increase in vulva temperature in HF cows (Marquaz et al., 

2021), ewe (De Freitas et al., 2018), Yorkshire and Landrace 

crossbred gilts (Sykes et al., 2012) [18], sow (Simões et al., 

2014; Lee et al., 2019) [16, 7] was also recorded. The increase 

in temperature during estrus may be due to increased physical 

activity (Lewis and Newman, 1984; Walton and King, 1986) 
[8, 22], increases vaginal blood flow due to LH surge and 

thermogenic effect of progesterone (P4) secreted during the 

luteal phase contributed to the rise in body temperature 

(Wrenn et al., 1958; Kyle et al., 1998) [23, 5]. The higher 

temperature in the area of the vulva was attributed due to 

increased circulation and vasodilatation of the region, due to 

high concentrations of circulating estrogen during estrus, 

causing edema and vulvar hyperemia (Lamothe-Zavaletha et 

al., 1991; Sumiyoshi et al., 2014) [6, 17].  
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Fig 1: Muzzle, eye, ear, and vulva temperature (°C) of cyclic multiparous animals and cyclic heifers during estrus and non-estrus period. Bars 

bearing different superscripts differ significantly ab(p<0.05). 
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Plate 1: Muzzle, eye, ear and vulva temperature (°C) of Sahiwal cows during estrus and non-estrus period 

 

Conclusion  

IRT can monitor increase in muzzle, eye, ear and vulva 

temperature during estrus in both cyclic heifers and cyclic 

multiparous animals of Sahiwal cows. IRT can be used as 

supportive non-invasive tool for estrus monitoring.  
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