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Abstract
Technology is often adopted in dairy farming for one – or many 
– of the following reasons: to increase farm efficiency, improve 
farm profitability, assist in decision-making, improve ani-
mal welfare and, in some cases, increase producer happiness. 
As the use of technologies increases in dairy farming, dairy 
practitioners, who are regarded as the most reliable source of 
information by producers, must learn about the innovations 
available in the market in order to assist dairy producers when 
adopting these emerging technologies. More importantly, dairy 
producers and practitioners should leverage the large amount 
of data generated by these innovations to develop management 
actions to improve animal health, performance and welfare. 
This review focuses on presenting some of the emerging tech-
nologies used for the management and monitoring of lactating 
dairy cows, and how these technologies can be used by dairy 
practitioners to add value to the services they offer while in-
creasing farm efficiency and animal welfare. 
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Introduction
Dairy farming, and consequently dairy production medicine, 
evolved at a fast pace in the last few decades with a rapid in-
crease in adoption of precision dairy technologies. Nonetheless, 
dairy producers continue to search for innovations to improve 
the management of individual and groups of cows, increase 
milk yields, reduce overall costs and improve whole farm man-
agement and efficiency.1 In this scenario, the development 
of user-friendly precision dairy innovations that can bring a 
relative advantage by comparison to current practices and are 
compatible with other technologies already in place in dairy 
farms plays an important role in the evolution of dairy farming 
and production medicine.2 Already we can see the dairy com-
munity’s commitment to innovations working toward fulfilling 
this role in driving the dairy industry forward, resulting in an 
increase in the number of technologies available on the market 
to monitor physiological, behavioral, management and produc-
tion changes in individual and groups of cows. 

The use of wearable sensors (e.g., pedometers, collars or ear 
tags) capable of measuring a dairy cow’s activity and rumina-
tion for the detection of transition cow disease3,4 and the detec-
tion of estrus5 are among the most common precision dairy 
technologies encountered on dairy farms. Hence, these tech-
nologies are the most investigated by researchers with encour-
aging results being reported by several research groups. For 
instance, monitoring rumination and activity behavior have 
been shown to detect transition cow diseases such as mastitis, 
ketosis, displaced abomasum, metritis and retained placenta 
earlier than trained personnel.6-8 In addition, the use of wear-
ables sensors for the monitoring of activity and detection of 
estrus during the voluntary waiting period or following insemi-
nation have been important in the development of effective re-
productive programs that do not depend on the enrollment of 
the majority of the cows in fertility programs using exogenous 

hormones.9 As producer demand and industry needs continue 
to drive innovation further, so too does the adoption of other 
existing forms of precision dairy innovation beyond these 
more common wearable sensors and the push to develop new 
technologies.

The increase in the adoption of precision dairy farming tech-
nologies by dairy producers presents dairy practitioners with a 
great opportunity to contribute to the improvement of farm ef-
ficiency and animal welfare. The adoption of innovations that 
can provide real-time insight into cow health and performance 
is a powerful tool to support decision making, especially when 
used in combination with clinical observations.10 These emerg-
ing technologies have the potential to take away the subjectivity 
of decision making, decreasing the frequency of protocol devia-
tion and enabling the implementation of optimized protocols 
for the treatment and prevention of clinical diseases. Moreover, 
the adoption of emerging technologies has the potential to re-
duce the use of antimicrobials and exogenous reproductive hor-
mones and instead enable the utilization of different manage-
ment strategies for specific groups of cows. Lastly, the adoption 
of emerging technologies can improve animal performance as 
well as farm efficiency and sustainability while improving ani-
mal welfare. It is important to highlight that the commitment to 
implementing strategies to improve animal welfare is a powerful 
instrument to ease the public’s perception of the dairy industry.11

Emerging technologies in dairy 
production medicine
There are many different innovations currently present in 
dairy farms. Rumination and activity monitoring systems are 
among the most popular innovations used by dairy businesses 
across the United States. Traditionally, rumination behavior 
has been measured by neck-mounted collars equipped with mi-
crophones or ear-tags equipped with accelerometers. Recently, 
however, reticuloruminal boluses capable of measuring rumi-
nation behavior have also been introduced to the market. Some 
of these devices are multifunction, having the capability to also 
measure activity, body temperature and, in some cases, rumen 
pH. As previously discussed, technologies capable of measur-
ing rumination and activity behavior can be used to monitor 
cow health and welfare as well as reproductive management. 
Systems capable of measuring body temperature or respiratory 
rate of dairy cows can be used to monitor heat stress in groups 
of cows, whereas systems measuring rumen pH are useful tools 
to monitor the nutritional management of individual animals 
or groups of cows. 

Automated lameness detection systems traditionally used wear-
able motion sensors for the detection of lameness in research 
and commercial dairy farms.12,13 These systems, however, rely 
on the detection of substantial alterations in gait and physical 
activity that does not occur until more advanced stages of the 
disorder. In recent years, algorithms created using deep learn-
ing programs have been applied to image and videos for the 
early identification of lameness events. It has been reported 
that these systems can identify lameness events with high 
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accuracy, up to 96%, when continuously monitoring a dairy 
cow’s locomotion prior to the lameness event.14 The applica-
tion of machine learning algorithms has also been proposed as 
a more efficient and accurate method to assess body condition 
score of dairy cows.15,16 An automated system to assess body 
condition score in dairy cows would have the potential to gen-
erate more consistent and objective data without the need for 
trained personnel. Finally, machine video technology has been 
used to predict and monitor feed intake of individual cows17 as 
well as to monitor feed availability and feed bunk management. 
Emerging technologies capable of accurately determining feed 
intake and feeding behavior can be extremely important for the 
improvement of nutritional management and, consequently, 
farm efficiency. Overall, due to their non-invasive nature, rela-
tively low cost of installation, and capacity to produce continu-
ous, reliable data, machine video technology, especially when 
integrated with other management and performance informa-
tion, has an enormous potential in the dairy industry.

Innovations are also encountered in milking systems. Automat-
ic milking systems – i.e., robots – are one the most well-known 
precision dairy technologies. The adoption of this technology 
in the U.S. and Europe has increased in the last several years,18 
driven in large part by labor concerns and unavailability of in-
expensive and specialized labor. Since trained personnel are 
not constantly assessing milk appearance for the detection of 
clinical and subclinical mastitis, as is normally the case when 
milking manually, automatic milking systems rely on in-line 
sensors for udder health surveillance. In fully automated sys-
tems, somatic cell count and milk conductivity are assessed 
every milking for the detection of intramammary infections 
and clinical mastitis cases.19 Similar in-line sensors can also be 
encountered in more traditional milking parlors. In addition, 
benchtop instruments for the measurement of differential so-
matic cell count are also available. Despite the poor accuracy 
of this technology to detect intramammary infections,20 it can 
still be used to monitor udder health.

All these emerging technologies generate an overwhelming 
amount of data that cannot be easily managed and interpreted, 
hence the development of integrated, cloud-based networks 
using artificial intelligence and machine learning techniques. 
These integrated networks have been created to combine the 
complex data from different sensor and farm management re-
cords into actionable items that can be used to improve animal 
husbandry and farm efficiency. As these emerging technologies 
and the integration of data streams evolve, companies integrat-
ing these data will continue to deliver simpler and more cus-
tomized reports to stakeholders, who will have a better under-
standing of the value of this information. In the future, terms 
like “artificial intelligence” and “machine” are likely to become 
part of the progressive dairy practitioner’s vocabulary.

Emerging technologies meet dairy 
medicine
These following 2 sections will describe areas where emerging 
technologies are currently being used to optimize management 
as well as animal health and welfare on commercial dairy farms. 
This does not mean that these are the only emerging technolo-
gies commonly used in dairy production medicine. Other emerg-
ing technologies not discussed in this review (e.g., biotechnolo-
gy) are also being used very effectively by today’s dairy industry. 

Automated health monitoring systems 
and disease detection
Rumination has long been recognized as an indicator of dairy 
cattle health and wellbeing. The development of different au-
tomated health monitoring systems capable of continuously 
monitoring rumination and activity behavior in real-time en-
ables the collection and use of this information by commercial 
farms. Previous reports have demonstrated that differences in 
rumination and activity behavior pattern are observed approxi-
mately 5 days earlier than the clinical diagnosis of mastitis by 
farm personnel.6 Similar results were also reported when using 
automated health monitoring systems for the detection of met-
abolic disorders7 and metritis.8 In addition, others have also re-
ported that cows with decreased rumination and activity time 
before calving are also associated with disease development in 
early lactation.3,4,21 Although current technologies still do not 
accurately determine the specific disease that will occur based 
only on the patterns of rumination and activity, the early detec-
tion of cows at risk for disease development allows for better 
allocation of farm input, such as personnel and treatments ef-
forts, as well as for the development of management strategies 
for the prevention of transition cow disorders.22,23 More impor-
tantly, it has been reported that the implementation of moni-
toring programs using alerts generated by automated health 
monitoring systems and milk yield information to identify cows 
suffering from health disorders during the transition period 
did not impact milk production, reproductive performance or 
herd removal patterns.24 These results indicates that the health 
monitoring strategies based on alerts generated by automated 
health monitoring systems are a reasonable alternative to tra-
ditional monitoring programs for the identification of cows that 
are at risk to develop diseases and disorders in early lactation.

Targeted reproductive management
In recent years, the concept of targeted reproductive manage-
ment has been investigated by different research groups. Tar-
geted reproductive management consists of allocating different 
breeding strategies based on biological, management and per-
formance information for each individual or groups of cows.25 
In this context, automated estrus detection systems play an 
important role. Automated estrus detection systems have been 
traditionally used to determine when cows should be insemi-
nated.26 However, scientific results indicate that dairy cows 
that express estrus at least once during the voluntary waiting 
period27,28 and cows expressing higher intensity estrus29 are 
more likely to become pregnant. Leveraging this knowledge, 
targeted reproductive management strategies are designed to 
prioritize artificial insemination following estrus detection. 
Recent results indicate that, when administration of exogenous 
hormones is withheld only from animals that are already cy-
cling at the end of the voluntary waiting period and insemi-
nation of cows occurs following estrus detection, the overall 
reproductive performance is similar to reproductive manage-
ment strategies relying heavily on the administration of exog-
enous hormones and timed artificial insemination.9 As a conse-
quence, these alternative strategies will not only decrease the 
need for trained personnel and protocol compliance, but, more 
importantly, will decrease the use of exogenous hormones on 
dairy farms. Therefore, targeted reproductive management 
presents itself as an effective alternative strategy that continues 
to allow farms to have good reproductive performance while 
adapting to consumer-driven requirements.
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Other benefits of emerging technologies 
on dairy farming
One of the greatest improvements to animal welfare when us-
ing emerging technologies is the decrease in the lock-up time 
of cows considered to be healthy. Contrary to herds using tran-
sition cow monitoring management programs, which rely on 
locking up all cows in head gates at the feed bunk to be screened 
by trained personnel, dairy herds using automated health moni-
toring systems can use this technology to screen animals based 
on physiological and production measurements captured by the 
monitoring systems. In these herds, only cows that need atten-
tion from farm personnel are sorted to be locked up while the 
vast majority of the herd are left undisturbed. As a result, some 
herds have reported that this strategy has assisted with the iden-
tification of disease events earlier, increased milk production 
(on average 5 lbs [2.3 kg] of milk per cow in the herd), lowered 
the use of antimicrobials, and decreased labor needs.30,31 An-
other benefit of the use of emerging technologies is to remove 
the subjectivity of decision making, decreasing the frequency of 
protocol deviations and increasing compliance to designed pro-
tocols. Moreover, the consistency and objective evaluation of the 
automated monitoring systems contribute to the maintenance of 
the same standards when evaluating a group of cows, even when 
relief personnel is conducting the task. 

Conclusion
The popularization of innovations currently available in the 
dairy industry and the development of newer technology will 
likely have an impact on dairy production medicine and will 
represent an area of opportunity for progressive dairy practi-
tioners in the future. Taking advantage of the overwhelming 
amount of data generated by precision dairy technologies to 
establish actionable items to improve the performance, health 
and welfare of dairy cows will contribute to the improvement 
of farm efficiency and sustainability. 
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