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Robotic milking of dairy cows: a review

Ordenha robotizada de vacas leiteiras: uma revisão

Luiz Marcos Simões Filho1; Marcos Aurélio Lopes2*; Sergio Corrêa Brito3; 
Giuseppe Rossi4; Leonardo Conti4; Matteo Barbari4  

Highlights:
Addressed the history, operation, advantages and limitations of use. 
Advantages: reduction of labor and the potential to improve feed conversion. 
Advantages: improves quality (reduced CCS) and increases cow productivity. 
Advantages: provides data and parameters for a more adequate management of the activity. 
Main limitations: high investment value and changes in milk solids.

Abstract

Automatic milking systems (AMS) have aroused worldwide interest recently. The first installation was by 
the company Lely in a project in the Netherlands (its homeland) in 1992. But nowadays, AMS represents 
a growing reality due to lobby for labor issues, rising costs, difficulty finding well-trained workers, and/ 
or difficulty keeping people on farms. This work aimed to present a review of the literature on AMS, 
beginning with a brief history of the evolution of the technology, showing advantages and limitations 
of its use, and ultimately giving some suggestions. The understanding of the technical functioning and 
operational running can help farmers and technicians in decision making on the adoption of the new 
technology. Besides workforce reduction and labor quality promotion, AMS has potential to improve 
feed conversion to milk, milk quality (with lower SCC), and cow productivity, as well as providing 
useful data and parameters for better farm management. Potential limitations include high investment 
costs, changes in milk composition (solids, free fatty acids), and increased risk of ketosis in cows.
Key words: Automation. Dairy cattle. Milking robot. Precision livestock farming.

Resumo

Robôs ordenhadores são uma novidade razoavelmente recente no mundo. O primeiro foi instalado em 
1992, pela empresa Lely, em um projeto experimental em seu país de origem, a Holanda. Entretanto, 
trata-se de uma realidade presente e cada vez maior, pois o problema da mão de obra, em diversos 
locais do mundo, cada vez mais cara, pouco capacitada e/ou difícil de manter na fazenda, é inexorável. 
Objetivou-se apresentar uma revisão da literatura sobre a utilização da robótica na ordenha de vacas 
leiteiras, abordando o funcionamento técnico e operacional, bem como vantagens e limitações de 
sua utilização, visando auxiliar pecuaristas e técnicos na tomada de decisões em adotar, ou não, essa 
tecnologia. Apresentou-se, ainda, um breve histórico da evolução dos robôs ordenhadores, bem como 
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algumas considerações finais. Constatou-se que os robôs, além de substituírem mão de obra, possuem o 
potencial de melhorarem a conversão alimentar para leite, a qualidade do leite (baixar CCS), aumentar a 
produtividade das vacas e proporcionar dados e parâmetros para uma gestão mais adequada dos números 
da atividade dentro da fazenda. Dentre as possíveis limitações estão o alto valor de investimento, 
alterações em sólidos do leite, presença de ácidos graxos livres no leite e aumento nos riscos de cetose 
nas vacas. 
Palavras-chave: Automação. Bovinocultura leiteira. Robô ordenhador. Zootecnia de precisão.

Introduction

Efforts to increase and improve milk yield is a 
challenge that is mainly in the hands of farmers. It 
all starts on the farm, and dairy farmers have at the 
top of the priority scale, among other key points, the 
focus on cost reduction. According to the Empresa 
Brasileira de Pesquisa Agropecuária [EMBRAPA] 
(2018), the production cost of dairy farming is an 
important bottleneck and requires in-depth studies 
to be reduced to its maximum. However, the quality 
of the final product (fundamental for international 
competitiveness), and a good working environment 
must be guarded, besides avoiding environmental 
impacts.

Mechanization of operations is an impactful way 
to reduce costs in farming activities, in addition to 
automating certain processes using milking robots 
or automatic milking systems (AMS). Although the 
first commercial systems emerged in 1992, they 
have been adopted at an increasing rate in many 
countries (Bach & Cabrera, 2017). This form of cost 
reduction can allow important savings, especially 
in labor matter, which, according to Santos and 
Lopes (2012) and Silva et al. (2019), may represent 
reductions of about 15.81 and 15.24%, respectively, 
on effective operating cost. Labor may represent 
one of the main sources of monthly spending on a 
farm, second only to livestock feed (Lopes et al., 
2015, 2016; Ferrazza, Lopes, Bruhn, Moraes, & 
Carvalho, 2017; Villela et al., 2017; Moraes et al., 
2018; Santos, Almeida, & Lopes, 2018).

According to Tse, Barkema, De Vries, Rushen 
and Pajor (2017, 2018a), milking using AMS can 
provide a series of tangible and intangible benefits 

to farms. Cost reduction can be achieved while 
ensuring main conditions for any commercial 
activity, such as quality of the final product and 
working environment, as well as environmental 
preservation.

The question to be answered is to what extent 
milking robotization could help improve and 
increase milk production. Examples would be: a) 
production costs are reduced as milk productivity 
increases (Endres & Salfer, 2015); and b) product 
sanitary quality is improved as somatic cell count 
decreases due to a higher frequency of milking 
(Hale, Capuco, & Erdman, 2003; Dahl, Wallace, 
Shanks and Lueking, 2004; Eslamizad, Dehghan-
Banadaky, Rezayazdi and Moradi-Shahrbabak, 
2010).

Reports of AMS manufacturers indicate 
inexorable growth in sales worldwide in recent 
years, with about 50,000 AMS already in operation, 
a number that has increased strongly every year. 

Given the above, this work aimed to present 
a review of the literature on AMS, with a brief 
history of the evolution of the technology, showing 
advantages and limitations of its use, and finally 
giving some suggestions. The understanding of the 
technical functioning and operational running can 
help farmers and technicians in decision making on 
the adoption of the new technology.

AMS operating

To better understand AMS, it must be analyzed in 
a different way than conventional milking. Its basic 
premise is that cows must be milked voluntarily 
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with no human presence, at any milking stage. 
Therefore, the animals must enter the milking box 
without being herd.

Currently, around the world, AMS is, in most 
cases, operating in free-stall or compost barns. 
However, according to Lyons, Kerrisk and Garcia 
(2013), in 2001, AMS was first incorporated into 
pasture-based systems, with installations being 
placed in commercial farms in Australia and New 
Zealand almost simultaneously. A broad literature 
review was published by Lyons et al. (2014), 
summarizing information on AMS use in pasture-
based systems. Furthermore, this technology has 
been used in pasture-based systems in Australia 
(Wildridge et al., 2018; John et al., 2019), Ireland 
(Shortall, Foley, Sleator, & O’brien, 2018a; Shortall, 
O’brien, Sleator, & Upton, 2018b), and the United 
States of America (Nieman, Steensma, Rowntree, 
Beede, & Utsumi, 2015). It is noteworthy that 
pasture and mixed systems (semi-confinement with 
grazing) have already become a reality in Latin 
America in projects in Argentina and Chile since 
2015. In Brazil, a pasture system has been developed 
in the state of Rio Grande do Sul.

According to Hogeveen, Ouweltjes, De Koning 
and Stelwagen (2001a) and Hogeveen, Vandervorst, 
De Koning and Slaghuis (2001b), AMS systems 
are composed of the following parts: containment 
system, a sensor system for teat detection, a robotic 
arm for insufflator attachment, teat cleaning system, 
software and the milking equipment itself. Paiva, 
Pereira, Tomich and Possas (2015) reported that 
access control by smart gates (one or more) and 
individual electronic identification (usually a collar) 
determine the paths the cows should take to access 
the AMS unit or the feeding alley.

According to Maculan and Lopes (2016), an 
AMS consists of a mechanical arm that performs 
several functions in the milking process. After cow 
electronic identification, the system checks the time 
of the last milking and directs the animal through as 
the system was parameterized. If the cow is to be 

milked, it enters the AMS box, where concentrate 
feeding is released and the mechanical arm begins 
its work. The steps are as follows: a) detecting 
udder and teats; b) teat cleaning by water and air 
jets, or rollers; c) pre-dipping; d) attachment of teat 
cups for milking; e) individual detachment of teat 
cups as milk flow decreases to avoid over-milking; 
f) post-dipping using a spray. It is important to 
note that not all AMS models perform the routine 
aforementioned. For example, some models 
do not perform pre-dipping only teat cleaning. 
Another feature that is not common to all models 
is individual removal of teat cups as soon as milk 
flow reduces. Some models consider full milk flow 
to remove the four teat cups at the same time, just as 
in conventional milking where automatic extractors 
are used.

Milking permission is defined per cow according 
to lactation stage and expected milk yield. Thus, 
different animal-flow models can be used in a 
voluntary milking system. The first and simplest is 
classified as free flow, where cows have free access 
to milking station, resting area, and feeding alley. 
Animal herding patterns were also developed to 
improve system efficiency, increase the number of 
milking visits, and reduce the number of cows to be 
herded into the AMS, as they do not go themselves 
voluntarily. The first one is the ‘feed first’ system, 
which is based on free access of cows from the 
resting area to the feeding area. But to return to the 
resting area, cows must pass through a selection 
gate, from where animals with milking permission 
are directed to the milking waiting room. Cows that 
cannot be milked return to the resting area, while 
only cows that have to be milked reach the AMS. 
Another applicable system is ‘milk first’, in which 
cows must pass through a selection gate to access 
the feeding alley. From this area, cows with milking 
permission are directed to the AMS; only after that, 
they have free access back to the resting area.

For AMS milking, complete planning is 
designed for each animal based on its lactation 
stage and productive potential. In this system, the 
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main fixed parameters are number of milking events 
per day, amount of concentrate feed to be offered 
in AMS box per visit, type of feed to be supplied. 
Concentrate feed acts as a lure to attract cows into 
the AMS box. The feed is added to a trough that 
receives it from a vacuum pump or endless screw 
system. A new technology, already designed and 
installed in some farms, has allowed the supply of 
up to four different concentrate feeds. This system 
identifies each cow electronically, providing it 
specific feed in a previously defined quantity.

Depending on the type of system (free-flow or 
guided), feed supplied inside the robot must be 
more or less attractive to enable as many visits as 
possible to the AMS (Jacobs & Siegford, 2012a). 
Several researchers (Halachmi, Ofir, & Miron, 
2005; Migliorati, Speroni, Lolli, & Calza, 2005; 
Bach, Dinarés, Devant & Carré, 2007; Trembley et 
al., 2016; Hare, De Vries, Schwartkopf-Genswein, 
& Penner, 2018) have stated that the concentrate 
provided in guided-flow systems does not increase 
animal motivation to enter the AMS. Menajovsky et 
al. (2018) found that higher amounts of concentrate 
in AMS (about 6 kg day-1) increased milk yield per 
cows but did not affect the frequency of milking 
visits.

In practice, the goal is to reach, at the end of a 
defined period (day or month), the highest average 
milk yield per AMS possible. Companies have 
reported numbers that range from 2,500 to 3,000 
L per AMS a day, which depends on several issues 
such as animal breed; however, in some reports, 
these figures are even higher.

According to Endres and Salfer (2015), to reach 
the highest milk yield per AMS a day, two points 
must be sought: 1) introduce high-production 
cows into the herd and provide good nutritional 
management; 2) reduce box occupancy time (i.e., 
high milk flow in kg min-1 per milking visit, up to 
3.5 kg min-1). Endres and Salfer (2015) suggested 
that, in case of herds of high genetic value, a suitable 
number of cows should be estimated to optimize 

times of milking per cow a day, occupying the AMS 
box for the shortest time possible. The goal is to 
ensure maximum values in terms of total milking 
visits and milk production per robot a day. Another 
way to raise efficiency and productivity is to only 
allow access to the robot for cows to be milked. 
What is possible by pre-selection gates, which are 
common in guided animal flow systems.

Although the frequency of milking per day 
in AMS can be increased by parameterizing the 
system to allow cows to be milked more times daily. 
Dzidic, Macuhova and Bruckmaier (2004) and 
Melin, Svennersten-Sjaunja and Wiktorsson (2005) 
reported that it is not very realistic to expect more 
than three milking visits per cow a day on average.

Flow systems: free and guided

An intense discussion in both academic and 
manufacturing spheres regards the best flow system 
to be used in an AMS. Many questions are still 
open, among them is which of the systems is the 
most comfortable for cows or for farmers. Some 
details concerning the functioning of both systems 
and their main advantages and limitations are here 
reported.

Basically, three types of animal flows can be 
adopted in an AMS: free flow, feed first (guided 
flow with feed supply first), milk first (guided flow 
with milking first).

Free-flow system

In free-flow system, cows have unrestricted 
access to any area, that is, there are no access gates 
anywhere but in the AMS entrance; therefore, cows 
are free to access any location at any time. Bach, 
Devant, Igleasias and Ferrer (2009) stated that the 
number of AMS visits was lower when cows were 
kept in a free-flow system than in a guided-flow 
system. Ketelaar-de Lauwere, Hendriks, Metz and 
Schouten (1998) found a similar trend. Bach et al. 
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(2009) found that cows kept in a free-flow system 
were unintentionally conducted to milking 0.5 
times a day, whereas cows kept in a guided-flow 
system were conducted only 0.1 times a day. Melin, 
Pettersson, Svennersten-Sjaunja and Wiktorsson 
(2007) pointed out that a free-flow system provides 
greater animal welfare and suitable feed intake, with 
cows consuming greater dry matter content than in 
a guided-flow one. Furthermore, a more precise diet 
formulation to meet specific animal demands can be 
provided by such a system. Thune (2000) showed 
that free-flow systems promote fewer cow lines, 
thus less time waiting, and less interaction between 
dominant and subordinate cows.

Guided-flow systems (feed first and milk first)

As mentioned before, there are two types of 
guided-flow systems, ‘feed first’ and ‘milk first’. In 
the feed first, cows have access to the feeding alley, 
and through selection gates and drivers, they are 
forced to reach the AMS box so they could return 
to the resting area. In turn, the opposite happens in 
the milk first, wherein cows must pass through the 
AMS box first to then access to the feeding alley 
and return to the resting area.

Both systems have similar advantages and 
limitations. Bach et al. (2009) demonstrated that a 
guided-flow system leads to lower total dry matter 
intake, cow eating time, and daily meals. Ketelaar-
de Lauwere et al. (2000), Harms, Wendl and Schon 
(2002) and Melin et al. (2007) reported similar 
results. Bach et al. (2009) added that drastic changes 
in natural eating behavior may lead to ruminal 
acidosis. It happens because cows reduce feed 
consumption significantly in guided-flow systems, 
and tend to eat more when feed is available (feeding 
alley). Rumen acidosis can lead to reductions in 
milk fat. Bach et al. (2009) also reported a possible 
decrease in milk protein rates in guided-flow 
systems as a function of the potential decrease in 
dry matter consumption.

Thune (2000) stated that guided-flow systems 
result in long queues for entry to the AMS, which 
can lead to serious hoof and welfare problems, 
especially in animals with more submissive 
behavior.

As reported by some researchers (Ketelaar-de 
Lauwere et al., 1998; Bach et al., 2009), a major 
gain from a guided-flow system is a significant 
reduction in the number of the so-called fetch cows, 
i.e., cows that do not visit the AMS voluntarily or 
do not adapt to the system (often cows with longer 
lactation days).

De Vries, Von Keyserlingk and Beauchemin 
(2005) claimed that the major challenge in a guided-
flow system is to encourage more movement of 
cows within the barn so that they can enter the AMS 
more often. This goal can be achieved by offering 
a greater amount of meals per day, thus generating 
more movement, greater dry matter intake, longer 
times in feeding area and, hence, more visits to the 
AMS. According to these authors, this trend can 
also be observed in a free-flow system.

A brief history of different generations of AMS

AMS manufacturers and suppliers are constantly 
upgrading their systems to always present something 
new to the market, both in terms of embedded 
technology and functioning procedures. Several 
AMS generations have passed and significant have 
been made over the years. DeLaval (http://www.
delaval.com/en/), Lely (https://www.lely.com/
br/) and Gea (https://www.gea.com/index.jsp) are 
examples of big companies that manufacture and 
sell AMS around the world.

DeLaval has just launched the second version 
of AMS equipment. The first model, known as 
VMS, was released in 1997. Over the years, new 
technologies have been incorporated, and the 
software has been updated. The current model 
(VMS V300) was launched in 2018, it comprises 
many important innovations concerning the 
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previous one, namely: (i) coupling system of teat 
cups using smart cameras (DeLaval InSightTM), 
which can detect the udder and learn the way to 
reach teats faster, providing a smoother coupling 
with a higher attachment rate (99%) and reduction 
in chemical consumption; (ii) cleaning system 
(DeLaval PureFlowTM) with increased visibility, 
easier inspection, and more efficiency; (iii) new 
milk path between teat and tank, providing less 
impact and more care of milk, reducing free fatty 
acids and water consumption; and (iv) automated 
separation system of abnormal milk (culling, calf, 
etc.). According to the company itself, after such 
innovations sales volume of the AMS have increased 
sharply all over the world (DeLaval company data).

Lely launched its first system onto the market in 
1992. Recently, the company has deactivated some 
units of its first AMS, which had operated for more 
than 20 years in Europe. Some of these were able 
to milk almost 15 million liters during their use in 
farms. The latest version of Lely AMS, launched in 
2018 and called Astronaut A5, has some advantages 
over the previous systems: a) in-line reading of solids 
in milk; b) automatic separation of waste milk; and 
c) improved management system. Lely’s equipment 
has an important exclusivity factor, which is to be 
the only one on the market that allows cows to enter 
the box straightly without making turns. This is 
the so-called I-flow (data from the company: Lely 
Industries N.V.).

In the United States, DeLaval, Lely, and GEA 
are the largest companies, but AMS-Galaxy and 
Boumatic Robotics are also operating on the market. 
In Europe, AMS is produced by SAC (Sacmilking) 
and Fullwood Packo.

Advantages of AMS

Many are the advantages of using AMS. Yet, 
according to Hansen (2015), to be successful, 
ranchers have to spend part of the time saved in 
milking in monitoring cows and robots. Besides, 
they need a minimal interest in technology as well 

as a proactive behavior to adapt it to their needs.

According to Tse et al. (2017, 2018b), AMS 
benefits to farmers are several: higher mean 
frequency of milking events and milk production; 
better herd health and reproductive rates; potential 
for better herd management regarding information 
collection and management; fewer workforce needs 
and increased labor flexibility; greater profitability 
and quality of life for owners.

In a study of 217 farms in eight Canadian 
provinces, Tse et al. (2018b) found that transitioning 
to an AMS was generally positive. Moreover, AMS 
improved profitability, quality of life of farmers, and 
cow welfare, thus meeting expectations. The main 
challenges while transitioning were learning and 
using the technology and generated data, as well as 
training of cows in the first days after changing the 
milking system.

Increase in milk yield

French data show an average growth of around 
3% in milk production on farms adopting AMS, 
and up to 9% on farms milking by robots for more 
than two years (Veysset, Wallet, & Prognard, 2001). 
Such a rise is mainly due to a potential increase 
in the mean number of milking events since 
AMS introduction (Dijkhuizen, Huirne, Harsh, & 
Gardner, 1997; Rotz, Coiner, & Soder, 2003).

Bar-Peled et al. (1995) showed that, when 
implemented at the beginning of lactation, a high 
milking frequency has potential to ensure increased 
milk production throughout the entire lactation 
period even if such frequency is decreased thereafter. 
These findings corroborate several other studies 
(Hale et al., 2003; Dahl et al., 2004; Eslamizad et 
al., 2010). These researchers confirmed the thesis 
about milk increase during all lactation, even if 
milking frequency increases only at the beginning. 
Besides, they realized that there is still a possible 
reduction in somatic milk cell counts when cows 
are milked more often during the day. Erdman and 
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Varner (1995) reported a potential growth of up to 
25% in productivity when cows previously milked 
just twice are milked three times a day.  Lopes, 
Nogueira and Barbosa (2014), a broad overview of 
the literature shows an average increase of 14.75%. 
Therefore, the goal is to allow access to the AMS 
by high productive-potential lactating cows more 
often, so an average number of milking events close 
to three milking a day per cow or above could be 
reached.

As higher milking frequency increase milk 
production, an important question is how to make 
cows access the AMS more often. Salfer, Minegishi, 
Lazarus, Berning and Endres (2017) reported that 
AMS management system should be properly 
parameterized so that the right cow could occupy 
the AMS at the right time. Early lactating cows, 
which theoretically seek more the AMS during the 
day, should have a greater number of permissions to 
access the equipment and be milked. According to 
some authors, such a strategy is essential to increase 
milked volume in an AMS.

According to Endres and Salfer (2015), there 
are two other key factors to achieve high milk 
productions in the system. The herd must consist of 
high production cows and occupy the AMS box for 
as little as possible, i.e., a high milk flow in kg min-

1. Also, following these authors, the ultimate goal 
is to achieve high milk production per AMS, using 
minimal employees and fetch cows as possible. 
Different conditions can allow farmers to reach 
such a goal, namely: well-balanced and managed 
diet (either partial or total mixed ration), herds of 
high genetic level, excellent reproductive efficiency, 
good udder conformation, daily AMS maintenance, 
cows with higher milk flow per milking.

AMS is fully feasible to increase average milk 
production per cow on a farm. But it strongly 
depends on farmer ability to raise the number of total 
visits to the robot, mainly for cows at the beginning 
of lactation. Indeed, the AMS and herd management 
system have to be properly parameterized. Thus, 

beginning-lactation cows should be milked more 
often a day instead of middle- and end-lactation 
ones to increase total milk yield (Endres & Salfer, 
2015).

When comparing the effects of AMS and 
traditional tandem milking parlor on buffalo 
(Bubalus bubalis) milk yield, Sannino et al. (2018) 
observed that that the AMS use had significantly 
higher daily milk yield and lactation persistence.

Better feed conversion

Another important gain in farms using AMS is 
reported by Salfer et al. (2017). They stated that 
supplying pelleted feed to cows in the AMS box 
could strongly interfere with herd body condition 
and potentially increase milk production. This result 
is related to individual herd management, wherein 
each animal is recognized individually by the 
system. Thus, concentrate is supplied in the right 
amount based on nutritional demand estimated by 
the amount of milk the cow is producing.

According to Rodenburg (2011) and Bach 
and Cabrera (2017), supplying AMS concentrate 
is a strategy to lure cows to it. Besides, different 
concentrate amounts and types could be supplied. 
Thus, manufacturers were encouraged to suggest 
that such a strategy could reduce fetch-cow rates 
and accurately address precision nutrition.

AMS manufacturers and suppliers have 
considered feeding herds using AMS. Here follows 
the protocol of Lely, which only sells and works 
with AMS in free flows. The company recommends, 
for free flow milking, offering PMR (partial mixed 
ration) on the feedpad, by which about 80% of the 
nutritional request is met. The other 20% must 
be delivered in the AMS using only concentrate, 
preferably pelleted. These 20% function as lures to 
attract cows to the AMS box (data from the company 
Lely Industries N. V.).

According to actual data from AMS manufacturers 
on client farms, a feed conversion rate of 1 kg of 
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total concentrate consumed was estimated for each 
3.3 kg milk produced. In conventional farms, where 
TMR diets are offered to cows divided into standard 
production batches, the best rates achieved were 
1 kg total concentrate consumed per 2.5 kg milk 
produced (data from the companies DeLaval and 
Lely Industries N.V.).

Labor cost reduction

According to De Koning (2010), the world’s first 
AMS in a commercial farm in the Netherlands in 1992 
was established because of a significant increase in 
labor costs in that country. Rodenburg (2017) noted 
that robotic milking reduces labor demands on all 
size dairy farms and offers a more flexible lifestyle 
for farm families with up to 250 cows. This can be 
considered another important benefit of milking 
operation using AMS. Bijl, Kooistra and Hogeveen 
(2007) reported that Dutch farms using AMS had an 
average of 74 cows per full-time employee, while 
those using conventional milking systems had an 
average of 59 per employee. Minnesota’s Farm 
Business Management Association (Finbin, 2016) 
have reported that farms in the Upper Midwest 
with AMS averaged over 1 million kg milk per 
full-time employee in one year, while conventional 
milking farms had only 700,000 kg per worker. 
Obviously, as reported by Svennersten-Sjaunja and 
Pettersson (2008), effective labor-hiring reductions 
in farms should be preceded by a proper herd flow 
management in free or forced flows, which are the 
most widely used worldwide. For these researchers, 
the ultimate goal is to achieve the largest possible 
number of milking visits in the AMS and, to reach 
this, AMS manufacturers often recommend a good 
concentrate supplementation per AMS, which is 
used to attract animals.

When comparing both flow systems, several 
authors (Ketelaar-de Lauwere et al., 1998; Bach 
et al., 2009) have already described that a guided 
flow requires less labor than the free flow. Such 
reduction can be even greater when automatic 

grazing technologies are used. Drach, Halachmi, 
Pnini, Izhaki and Degani (2017) suggested a 
new concept of bringing all cows into the AMS 
by using an Automatic Herding System (AHS), 
which consists of slow-moving fences. The 
authors observed that, when an AHS was used on 
a commercial farm in Israel, the working time of 
cow fetching to the AMS reduced by 80% compared 
to the experimental group. They also associated the 
use of this technology to higher milk frequency and 
higher milk yield. Therefore, economic benefits are 
expected from this technique.

Less civil construction needs

One of the benefits of a robotic milking system 
is a reduction in the need for civil works. As AMS 
facilities are less complex, the amount invested in 
facilities can be significantly reduced both in terms 
of absolute value, smaller built-up area, or relative 
value, less building complexity.

A publication by Carregosa and Almeida (2015), 
in partnership with Lely on website agronegocios.
eu, states that civil work to install an AMS is minimal 
compared to that required by a conventional milking 
parlor and is therefore much more economical.

The design of facilities is quite important 
because, according to Jacobs, Ananyeva and 
Siegford (2012b), it can affect AMS accessibility. In 
particular, positioning of gates and corridors around 
an AMS can affect cow traffic and behavior, and 
therefore time available for milking. The importance 
of good design and layout was also highlighted by 
Lyons et al. (2013) and Rodenburg (2017).

Good working environment and worker health

Milker health concern can be a favorable 
argument for adopting AMS. Salfer et al. (2017) 
explained that many dairy farmers have invested 
in AMS due to a growing concern about the health 
of knees, back, hips, and shoulders of their milking 
officers.
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Milk quality improvement

Some researchers, such as Hale et al. (2003), 
Dahl et al. (2004) and Eslamizad et al. (2010), found 
that AMS, by providing a higher average number 
of milking events, can significantly reduce somatic 
cell counts in milk. Likewise, Dohmen, Neijenhuis 
and Hogeveen (2010) surveyed 144 farms using 
AMS in Germany and observed a strong positive 
relationship between low somatic cell count in milk 
with quality in cow hygiene and successful teat 
disinfection. According to these authors, robotized 
farms have better conditions and structure for such 
results.

Compared to a traditional tandem milking parlor, 
the use of AMS resulted in higher protein and casein 
contents and lower somatic and total bacterial 
counts, whereas fat, freezing point and pH were not 
affected by the systems (Sannino et al., 2018). The 
authors concluded that, in terms of milk production 
and quality, AMS may be a feasible alternative to 
the conventional milking for buffaloes.

Information management and decision making

The main differences between AMS and 
conventional milking are computerized monitoring, 
individual analysis and control of animals, 
transparently to the users, allowing online 
acquisition and processing of individual cows with 
unprecedented details (Spahr & Maltz, 1997).

According to King, Dancy, Leblanc, Pajor 
and De Vries (2017a) and King, Leblanc and De 
Vries (2017b), AMS is capable of generating 
large amounts of data and important information 
for the farmer, usually combined with electronic 
monitoring/ behavior monitoring, rumination and 
activity level systems. This management system 
can also generate many alerts and reports of various 
types, which can help managers a lot in different 
and necessary decision-making processes in a daily 
livestock activity.

In the studies of King et al. (2017a,b), they have 
shown, for example, that there is important evidence 
that ruminal behavior often changes in cases of any 
physiological, metabolic and/or sanitary disorders, 
before a reduction in milk production. According 
to them, in general, reductions in rumination time 
precedes milk yield and animal activity level 
reductions by at least one day. These authors 
observed that cows showed reductions in rumination 
time, body weight, daily activity, milk production, 
food intake, and visits to AMS, in addition to / 
or spending more time lying down before being 
diagnosed with pneumonia, subclinical ketosis, 
displacement of abomasum, metritis and/ or hoof 
problems.

Measurements of rumination, daily activity and 
milk production can allow detection of problems in 
advance and then perform corrections of existing 
abnormalities in a fast and strategic manner, without 
major losses. Such measurements are possible to 
be carried out by combined systems of AMS and 
specialized electronic monitoring systems. The 
importance of adopting such technologies is strictly 
linked to the ability of each farmer to handle such a 
volume of information and, of course, to know how 
to manage them (King et al., 2017a,b).

Jacobs and Siegford (2012a) argued that 
automatic sensors can memorize highly rich data 
sets regarding mammary health, daily and milking 
production, rumination time, and feed consumption 
in the AMS. Poppe, Mulder, Ducro and De Jong 
(2019) pointed out that cartesian teat coordinates 
measured by AMS provide new opportunities to 
record udder conformation characteristics, allowing 
studies on genetic and phenotypic changes within 
and between parities. For Hansen (2015), more data 
on herds can stimulate interest by ranchers in dairy 
production, but in many cases, they find themselves 
drowned in data.
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Greater economic viability

Adoption of AMS technology requires high 
investments, therefore, some factors must be 
considered to determine its economic feasibility. 
According to Salfer et al. (2017), aspects directly 
related to greater or lesser profitability of AMS 
are labor costs (which tend to grow), milk yield 
increase (which may be higher or lower in AMS, 
depending on flow management), investment values 
and equipment lifespan. They also pointed out that 
AMS problem is milking frequency that rarely 
reaches three per day, on average, and hardly yields 
the same milk daily volume as that of cows milked 
three times a day in a conventional system. 

Hyde and Engel (2002) showed that investing 
in AMS can be more profitable or have a slightly 
lower break-even point than conventional milking, 
what is basically due to saving on labor cost and 
increase in milk yield. Furthermore, still on the 
break-even point, the results of more recent research 
should be highlighted, such as those mentioned by 
Salfer et al. (2017). These authors simulated some 
scenarios to compare economic performances 
between farms using AMS and CMS (conventional 
milking system) and asked the following question: 
what milk volume would be needed on farms with 
about 1,500 lactating-cow herds for an AMS to have 
similar economic performance as farms with CMS? 
They found that if an AMS-equipped farm could 
reach around 1.4 kg more milk per cow compared 
to a CMS-equipped, with a 1% increase in labor 
costs, its net performance could be almost US $ 
17 thousand more cash into the farm. If labor cost 
increases are of 3%, such volume could be about 
0.45 kg only.

Salfer et al. (2017) also simulated some scenarios 
for the comparison of economic performances 
between AMS- and CMS-equipped farms, with 
labor cost increases ranging from 1% to 3%. They 
found that on farms with up to 240 lactating cows, 
AMS-equipped properties were more capable to 
support variations in workforce wages. So, when 

labor costs varied by 3%, economic performance 
in farms using AMS was US $ 32,000 higher than 
CMS ones. 

However, on larger herd farms (e.g., about 1,500 
lactating cows), the study showed that CMS is more 
profitable than AMS. According to the authors, it is 
because of the efficient use of milking equipment. 
For smaller farms, AMS always brought results 
closer to the maximum capacity than did the CMS, 
while in larger ones, both AMS and CMS had 
similar operational and efficiency levels, thus, a 
higher milk volume diluted labor cost.

Other advantages

Improving herd and family-time managements 
was more influential for small and medium-sized 
farms in the states of Maryland and Pennsylvania 
when considered transitional period for adopting 
AMS (Moyes, Ma, McCoy, & Peters, 2014).

Some disadvantages of AMS

High investment

The first and perhaps most striking problem 
related to AMS is precisely its high purchase and 
installation costs. According to Maculan and Lopes 
(2016), investment costs in AMS in Brazil can reach 
R $ 19,000.00 (or about US $ 5,250.00 at the time 
of the survey) per head, and payback can take eight 
to 10 years.

A recent quote by DeLaval in 2018 (access 
granted to authors) presented value in the order of 
R$ 740,000.00 (or US$ 195,000.00) for acquisition 
and implementation of the newest AMS unit 
(DeLaval VMS V300). It consists of a milk-first 
system capable of milking about 70 cows on average 
in a compost dairy barn. In a study by Maculan and 
Lopes (2016), the total value for the same 70 cows 
would reach US$ 367,500.00. The quotation cited 
above basically refers to the AMS itself (complete) 
and some essential accessories: AMS, double 
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filter, electrical protection board, milk discharge 
line, milk and cleaning piping, air compressor, 
gates and sensors for guided flow, sampler and 
lung tank. Maculan and Lopes (2016) did not 
present investment details. According to Hyde and 
Engel (2002), AMS purchase value differs among 
manufacturers and models, with prices varying 
between US$175,000 and US$250,000.

Free fatty acids (FFAs) in milk

Studies have reported increased levels of FFAs 
in some farms after the adoption of AMS (Justesen 
& Rasmussen, 2000). High levels of milk FFAs 
are undesirable for promoting sensory changes 
and shortening shelf life and milk yield (Tuckey 
& Stadhouders, 1967; Sapru et al., 1997). Several 
other studies have shown that such increase in FFAs 
in AMS farms may be due to increased frequency 
and lower milking intervals, impacting the size of 
fat globules and making them more susceptible to 
lipolysis (Ahrne & Bjork, 1985; Ipema & Schuiling, 
1992; Klein et al., 1997; Wiking, Bjork, & Nielsen, 
2003; Wiking, Nielsen, Bavius, Edvardsson, & 
Svennersten-Sjaunja, 2006).

Changes in fat and protein contents

According to Bach et al. (2009), some guided 
flow systems such as milk-first or feed-first tend 
to decrease milk solids (fat and protein). Fats tend 
to drop due to an increased potential for ruminal 
acidosis. For these authors, in a guided flow, cows 
consume larger feed amounts at once, as it will take 
longer to access the feeding alley again. Proteins, 
however, fall precisely due to a reduction in total 
dry matter consumption, also observed in guided (or 
forced) flow systems, mainly when water access is 
restricted. 

Increase in subclinical ketosis

According to Tatone, Duffield, Leblanc, De 
Vries and Gordon (2017) and King, Sparkman, 

Leblanc and De Vries (2018), subclinical ketosis 
rates tend to increase in dairy herds under AMS. 
The reason is related to the increase in the number 
of milking events and milk production inherent to 
the AMS, especially at the beginning of lactation. 
Also, King et al. (2018) reported that these dairy 
cows tend to produce more milk than those under 
the conventional system for entering a slightly more 
serious negative energy balance. Therefore, since 
these cows do not increase feed intake to the same 
extent, subclinical ketosis may eventually occur.

AMS allows higher milking frequencies than 
conventional systems, providing higher milk yields 
(Wagner-Storch & Palmer, 2003; Bogucki, Sawa, 
& Neia, 2014; Sitkowska, Piwczynski, Aerts, & 
Waskowicz, 2015; De Marchi, Penasa, & Cassandro, 
2017). This can worsen negative energy balance and 
risk of subclinical ketosis, corroborating the results 
of another study. This study demonstrated that 
AMS herds have a prevalence of high rates of beta-
hydroxybutyrate than those in conventional milking 
systems (Tatone et al., 2017). As for King et al. 
(2018), cows producing more milk have more beta-
hydroxybutyrate circulating in the blood, as well as 
a higher probability of having subclinical ketosis. 
According to these authors, cows that produce less 
are more able to obtain from the diet the energy they 
need.

Other disadvantages

For ranchers in Jæren, Norway, the greatest 
disadvantage of an AMS is the constancy of service 
(Hansen, 2015). Return on investment or changes 
in profitability and management were the main 
concerns of small and medium farmers in the states 
of Maryland and Pennsylvania, considering the 
transition period for an AMS (Moyes et al., 2014). 
Tse et al. (2018b) assessed 217 farmers in eight 
Canadian provinces and noted that, on average, 2% 
of a herd had to be slaughtered for not adapting or 
not voluntarily milking, although it is physically 
and behaviorally normal. 
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Final considerations

Some of the topics covered in this review require 
new studies and research to be supported in a more 
forceful and consolidated way in the dairy sector 
and even in the academic environment.

Dairy cattle projects using AMS have grown 
significantly worldwide, especially in the last two 
years, according to data from manufacturers and 
suppliers (DeLaval, Lely and Gea). Increased 
production costs and a small evolution in labor 
quality and consequent turnover in farms made dairy 
ranchers, especially new ones, consider investing in 
AMS.

Nowadays, AMS technology is much better 
mastered both by the manufacturing companies and 
the farmers who have adopted it. It presents numerous 
technological innovations to fully transforming 
everyday life within a dairy farm. Its adoption, 
therefore, depends on the actual ability of farmers 
to become entrepreneurs and the farm to a company. 
For proper AMS functioning, some factors have to 
be improved such as reproductive efficiency, diet 
quality and adequacy, and animal genetic potential. 
Therefore, the focus on farm management, strategic 
decision-making, and assembly of excellence 
teamwork must be maintained.

However, it must be emphasized that robotization 
is not for everyone. Differences between AMS 
and conventional systems are quite challenging 
and complex. It is prominent to understand that 
AMS use strongly reduces human interference in 
the milking process and that cows are motivated 
to voluntarily access the system, especially when 
attracted by feedstuffs. Many farmers who choose to 
switch from conventional milking to AMS believe 
they will have a chance to reduce the volume and 
improve the quality of work. 

Any novice farmers should, therefore, make 
all feasible and necessary investment analyses, 
seek local labor availability, consult with the 
manufacturers, and visit farms that have already 
implemented AMS, so that they could understand 

challenges to be faced and any problems that may 
arise.

Besides the aforementioned, farmers who 
opt to switch from conventional to AMS also 
have to understand that other activities within 
the farm must be improved and more qualified, 
mainly those in sectors that are crucial for AMS to 
function with excellence such as animal nutrition 
and reproduction, as well as management of data 
generated by monitoring.

Milk yield increase, labor reduction and 
flexibility, more motivated teams, reduced 
concentrate cost, better reproduction rates, better 
milk quality, improved diets, healthier herd, 
equipment durability, and return on investment are 
the main objectives to be pursued by farmers who 
choose to invest in AMS. When deciding to invest, 
farmers must keep in mind all possible information, 
set goals, form a motivated and capable team, 
and focus on the activity. All AMS advantages 
are feasible but require presence. And, without 
management, all disadvantages can lead to project 
failure.

As for high investments, when deciding to adopt 
AMS technology, some factors must be considered 
to determine its economic viability, namely: labor 
costs (which tend to increase), increase in milk 
production after the adoption of AMS, investment 
values and equipment lifespan. A fundamental 
aspect to enable technology acquisition is bank 
financing with interest rates consistent with rural 
and business activities. Such investments can 
ensure the permanence of farmers in the dairy 
activity, and hence the supply of such noble food to 
the population.
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