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Heat Detection in Dairy Cows: A Review of  
Methods with an Emphasis on Those Utilising Milk 

The widespread global replacement of bulls with 
artificial insemination (AI) means that accurate 
detection and timing of oestrus (heat detection) 
becomes a critical activity. Traditional observation 
of behavioural signs have been re-evaluated (Back 
et al., 2014), but these methods rely on regular visual 
observation of cows and an environment conducive 
to demonstration of oestrus behaviour; for example, 
traditional tie stalls seen in some European countries 
are associated with reduced behavioural signs 
(Reviewed by Walsh et al., 2011). Some cows fail to 
exhibit behaviour associated with oestrus (so called 
silent heats) (Esslemont, 1973). While measuring 
progesterone in milk fat in 123 cows from a number of 
farms, Claus et al. (1983) concluded that the greatest 
influence on cow fertility was management, with 
32% of cycles detectable by progesterone not being 
recognised by herdsmen. Additionally, between 5% 
and 21% of cows were inseminated at the incorrect 
time in the cycle (Claus et al., 1983).

Dairy cow fertility has been declining internationally 
(Gonzalez-Recio et al., 2004; Mee, 2007) with subfertility 
being identified as the most important reason for culling, 
and the economic costs of subfertility being second only 
to mastitis (Mee, 2007). Additionally, genetic correlations 
between milk yield and reproductive measures in dairy 
cows are generally unfavourable (Pryce et al., 2004). While 
Boyd (1992) revealed in studies that 95% of cows had active 
ovaries, Lopez et al. (2005) showed that for Holstein breeds, 
the number was lower at 71%. 

In the 1980s, researchers aimed to take management 
of bovine fertility into the field and achieve “on-farm fertility 
control” (Foulkes et al., 1982). Since that time a wide variety 
of techniques and devices have been proposed and tested 
to improve oestrus detection (Mottram, 2015). Frequently 
the performance of a device is compared with the ability of 
the herdsman to observe behavioural indications of oestrus, 
or with oestrus detected by progesterone measurement 
(Mottram, 2015). The scale of such studies means that the 
number of comparisons per published paper is generally 
limited to one or two test systems and the chosen control. 
The first systems for recording automatic oestrus behaviour 
occurred in the 1980s (Mottram, 2015). Since the advent 
of robotic and high-throughput milking, new automated 
technologies have been applied to improve monitoring of 
fertility (Mottram, 2015). 

Some of the detection systems have been 
commercialised and are widely adopted, whilst others 
remain in the research laboratory. Commercialised 
methods vary in their precision, level of automation and 
cost (capital and consumable) but all can be used to 
supplement visual observation. 

Oestrus and Biological Signals
Peters and Ball (1995) described the sequence of events 
associated with the ovarian cycle in dairy cows. For the 
purposes of detection of the stage of the ovarian cycle, 

the cow may emit a number of hormonal and behavioural 
signals which may be utilised as external measurements 
for detecting oestrus (Mottram, 2015). 

Schofield (1988) showed that in relation to behavioural 
signals, standing to be mounted was not a reliable indicator 
of a cow being suitable to be served, with as many as 21% 
of ridden cows being already pregnant. This behaviour is 
due to waves of oestrogen occurring at intervals during 
pregnancy and may result in cows being re-inseminated 
and an incorrect date of the AI that resulted in pregnancy 
being recorded (Ball, personal communication). Back and 
others (2014), using daily observation of seven behaviours 
associated with oestrus in a once-a-day milked system, 
demonstrated that a scoring system that totalled either the 
number of behaviours exhibited or the number exhibited 
multiplied by the number of times exhibited in a period of 
time, could be successfully used to detect oestrus.

Detection Devices
Whilst a large number of signals have been identified, 
the development and conversion of detector systems 
from the research to commercialised systems is smaller. 
Commercialised systems are summarised in Table 1. 

Fig.1 Movement collars have been widely invested in, to monitor 
increased movement associated with oestrus
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Method

Mount detectors

Movement 
detectors:
pedometers

Movement 
detectors: collars

Milk progesterone 
assay

Automated

An electronic, radiotelemetric, pressure sensitive, rump 
mounted device has been reported on (Steveson et 
al 1996). Similarly, Hempstalk et al (2013) reported 
on a dye patch system using a camera system to 
automatically measure whether the heat patch has 
been triggered.

There are electronic devices strapped to cows’ legs to 
count steps. Counts per cow are compared to baseline 
count which would be expected from the cow if it were 
not expecting oestrus (Mottram 2015). Peter and Bosu 
(1986) tested the device and found 76% of ovulations 
were detected compared with 35% by herdsman 
observations. Koelsch et al (1994) tested the device 
using milk progesterone level as the reference. The 
device demonstrated high specificity (99%) but at the 
cost of sensitivity (69%). Mottram (2015) concluded 
that pedometers were not capable of providing 
completely reliable ovulation detection. Van Vliet and 
Van Eerdenburg (1996) investigated pedometers further 
and the conclusion was that step counting was not 
reliable as an indicator of ovulation as about 20% of 
cows do not exhibit set behaviours.

Collars for detecting oestrus have been available since 
the early 1980s but it was not until the 1990s when 
the integrated circuits with tri-axial accelerometers 
became available along with digital signal processor 
chips that collars have become an alternative option –
especially with the advent of cheap tri-axial accelerators 
and digital signal chips (Mottram 2015).The Voronin et 
al (2011)invention provided a method and device for 
detecting oestrus in animals by sensing over time the 
motion of the animal and identifying when the sensed 
motion is not related to eating periods of the animal. 
Kamphuis et al (2012) had similar results to those of  
pedometers with relatively low sensitivity but high 
specificity.

A biosensor system consists of a sensor, a system to 
interrogate it and a microcomputer to convert the electrical 
signal into a format to be displayed to an operator or 
computer program. The sensing methods are usually 
based on a monoclonal antibody, which is specific to the 
compound being detected. A review of systems suitable 
for agricultural applications was conducted by Velasco-
Garcia and Mottram (2003). Such systems are available 
integrated within some robotic and parlour milking facilities 
eg Herd Navigator.

Manual

A dye patch system is available relying on visual detection  
e.g. Kamar, Estrotect. Tail paint markers are also available.

A lateral flow dipstick has been developed (P4 Rapid) to 
provide qualitative evaluation of the P4 levels in milk.

Table 1: Summary of the main commercialised automated and manual heat detection systems, excluding behavioural observation

The increase in milk temperature, as a surrogate for the 
cow’s temperature that is associated with oestrus, has been 
investigated but the results (sensitivity of approximately 
40% and 70% false positives) were considered unreliable 
(MacArthur et al., 1992). In relation to thermal infrared 
scanning of the body surfaces of a cow to detect 
temperature changes, Hurnik et al. (1985) concluded that 
high frequency of false positives and false negatives meant 
that the technique was not suitable for routine oestrus 
detection. Future Dairy (2012) investigated the technique 
further. Milk yield shows a pattern, although this has not 
proved sufficiently specific to pinpoint oestrus; however, 
within mixed monitoring systems it may provide an input.

Pheromonal odours associated with oestrus have 
been the subject of research. Odours may be distributed 
throughout the body (Kiddy et al., 1984). Whilst those 
secreted from the perineal glands near the vagina may 
be the main attractants for the bull (Blazquez et al., 1988), 
Llobet et al. (1999) indicated that an array of tin oxide 
sensors could discriminate between oestrus and di-oestrus 
from the odour of vaginal swabs but not from air samples 
taken from the surface of the cow. A subsequent study did 
not produce encouraging results (Mottram et al., 2000).

Various studies (Maatje et al., 1997; Mitchell et al., 1996), 
using a combination of multivariate oestrus detection 
factors, have indicated potential in relation to % sensitivity 
and % false positive rates; however, further research 
appears to be warranted (Mottram, 2015).

Progesterone Measurement
Milk or blood progesterone (P4) level gives a reliable 
indicator of ovulation with progesterone levels elevated in 
cows from 4–16 days post-ovulation, then falling to a nadir 
(Mottram, 2015). The hormone oestradiol has an inverse 
relationship to progesterone, so that as progesterone levels 
fall, those of oestradiol rise. The oestradiol stimulates the 
oestrus behaviour which is most commonly used to select 
cows for insemination. The optimum time to inseminate the 
cow is 6–12hrs after the peak in oestradiol concentration 
(Mottram, 2015).

Thus, P4 concentration in cows’ milk is used to monitor 
cyclicity (Samsonova et al., 2015) and confirm oestrus 
behaviour, as well as to perform non-pregnancy diagnosis 
on days 19-21 after insemination (Posthuma-Trumie et al., 
2009). Milk is a convenient medium of sample collection 
because probes are readily available and, moreover, 
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P4 concentration in milk is higher than in blood and the 
levels are closely correlated (Laing and Heap, 1971; Dobson 
et al., 1975). Milk P4 test is the earliest proven method of 
identification of non-pregnant cows with high sensitivity 
(Eddy and Clark, 1987).

Nebel (1988) reviewed the development of the immune-
sensing tests for progesterone. McLeod and Williams (1991) 
showed that 99% of 88 ovulations were correctly identified 
using on-farm progesterone kits, compared with 78% 
in a control group monitored conventionally. Esslemont 
(1993) reported ovulation detection rates of 98% using 
progesterone assay. 

Biosensors for progesterone in automated systems 
encompass a series of different devices, the objectives of 
which are to identify specific complex biological molecules 
by a change in electrical or opto-electronic signal (Mottram, 
2015). A biosensor system consists of a sensor, a system to 
interrogate it and a microcomputer to convert the electrical 
signal into a format to be displayed to an operator or 
computer program. The sensing methods are usually 
based on a monoclonal antibody, which is specific to the 
compound being detected. A review of systems suitable 
for agricultural applications was conducted by Velasco-
Garcia and Mottram (2003). Such systems are available 
and are integrated within some robotic and parlour milking 
facilities.

To develop a lateral flow immunoassay in whole cow’s 
milk, a few aspects need to be addressed. The assay should 
detect P4 in the required concentration range (1-10ng/mL) 
and should be applicable to such a complicated matrix as 
undiluted milk (Samsonova et al., 2015). 

Waldmann and Raud (2016) compared the Ridgeway 
Research Limited lateral flow device (P4 Rapid) with the 
enzyme immunoassay commercial test and found that 
P4 Rapid could be used reliably to evaluate milk P4 level 
on the day of AI, so as to confirm signs of oestrus. They 
also concluded that P4 Rapid could also be used for non-
pregnancy diagnosis on day 24 after AI.

Ingenhoff et al. (2016), in assessing the diagnostic 
sensitivity and specificity of P4 Rapid for detecting a corpus 
luteum, concluded that the strategic use of the product 
can improve herd reproductive performance by facilitating 
decisions on whether to rebreed cows previously diagnosed 
as pregnant.

Cost-benefit Considerations of Commercialised Systems
The cost of oestrus detection methods varies considerably, 
with automated systems generally requiring capital 
outlay, whilst the cost of non-automated systems tends 
to consist of consumable items. The cost benefit is 
simplistically the value of a semen straw saved, but a 
broader economic consideration would include the cost 
of days open saved through improved heat detection 
and the saved cost of culling. However, the values to be 
attributed to each of these savings will vary according 
to current input and output costs and so the calculation 
is not trivial (Bewley et al., 2010). Alongside this, the cost 
of labour to implement and manage the system must be  
considered.

The positive impacts of increased oestrus detection 
rates are: improved insemination results, controlled calving 
interval and total pregnancy rate (Stumpenhausen, 2001). 
Undetected and falsely detected oestrus result in missed 
and untimely inseminations with consequent losses of 

income due to unexploited potential of milk and calf 
production (Firk et al., 2002).

The accuracy of a method of oestrus detection can 
be described in terms of its sensitivity and positive 
predictive value (PPV). For example, the sensitivity of an 
activity oestrus detection system was 89.2% when tested 
on a commercial New Zealand farm and its PPV was 
83.3%. The PPV value increased to 99.4% when tail paint 
and cow history were added, illustrating how several 
methods may contribute to the overall result (Rue et al.,  
2014). 

Discussion
There are a wide variety of oestrus detection methods that 
have been commercialised. Whatever system is chosen for 
a farm, it must work for the herdspeople and cows such 
that it can be integrated into management systems cost-
effectively, and involve the least possible time that cows 
are away from their lying or feeding areas.

Good heat detection is an intrinsic part of successful AI, 
permitting insemination at the optimal time of oestrus, 
and thereby maximising production parameters such as 
services per conception and calving interval.

Conclusion
Real time oestrus detection systems have developed 
significantly since the 1980s, in a farm support industry 
that is still evolving. It is anticipated that further innovation 
will deliver better results and returns for the dairy farmer 
and improved cow welfare by reducing culling and 
fertility interventions. Importantly, commercially available 
methods are on the farm, permitting real-time fertility  
management.
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Fig.2 Oestrus detection in dairy herds has the advantage that the cows are presented for milking normally twice-daily, which can be utilised to 
detect oestrus. In contrast, beef breeds are not milked and so present further challenges for oestrus detection where AI is used.  


