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Abstract. The aim of this present study is to describe changes occurring during the milking of cows in various
periods following the introduction of an AMS (automatic milking system). The following cow milking parame-
ters were analysed: milkings per cow per day, milking yield, milking speed and milking duration. An increase in
milk yield in AMS barns has been found to be possible, but it is affected by a number of factors related to cow
milking performance. Milk yield was observed to gradually grow with time after the installation of the robots.
Older cows in their third and fourth lactations achieved higher milking parameter values as compared to cows in
their first and second lactations. The average milk yield for the whole period was on a similar level, but, due to
the fact that the duration of lactation in herd B was more than 100 days longer, that herd achieved a higher milk
yield. The use of AMSs in barns enables farmers to monitor cow performance traits and study the relationships
between them; farmers should try to select for traits ensuring high performance and directly related to milk yield.
This study found a positive relationship between milking duration and milk yield. On the other hand, a highly
negative relationship was found between milking duration and milking speed, which means that these parameters
should be closely monitored. This study found that the optimal number of milkings per cow per day was in the

range of 2.6 to 2.8 milkings a day with a 2.6 kg min—! milking speed.

1 Introduction

An automatic milking system (AMS) allows each cow to be
milked on an individual basis and at a place from which the
animal can see its herd, which reduces milking-related stress.
As emphasised by numerous authors (Hogeveen et al., 2001,
Pirlo et al., 2005; Edwards et al., 2014; Lee and Choudhary,
2006), it is important that animals have a positive experience
at milking time and do not mind using the AMS. The milking
robots currently used allow cows to freely chose the time of
milking and to dynamically adjust the intermilking interval
throughout lactation as well as throughout the day (Carlstrém
et al., 2013). Cows introduced to AMS barns quickly adapt
to the new way of milking, and farmers with milking robots
can precisely track many parameters related to the milking
performance of their cows. Milk yield, milking frequency, in-
termilking interval, teat-cup attachment success rate and the
length of the milking procedure are only some parameters
that can be analysed with the use of robots. These parame-

ters are also important criteria farmers should pay particular
attention to with the aim of achieving optimum cow perfor-
mance (Gygax et al., 2007; Olechnowicz et al., 2006). Farm-
ers usually want to reduce milking duration without affecting
milk yield; at the same time, they want to increase the size
of the herd and obtain more milk. Such conditions may only
be achieved through increased milking speed. As reported
by Lee and Choudhary (2006), milking duration is nega-
tively correlated with milking speed. At the same time, the
selection of animals for a higher milking speed is risky and
may lead to damaged udders and mastitis. Sivarajasingam et
al. (1984) have defined milking speed as one of the most im-
portant traits affecting the profitability of milk production. In
some countries, this trait has constituted one of selection cri-
teria and has been incorporated into breeding programmes
of dairy cattle. An AMS allows farmers to monitor milk-
ing speed, milking flow and milking duration, which offers
opportunities to improve their levels and hence provides a
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Table 1. The level of traits related to cow milk yield in farms equipped with an AMS.

Level of traits in lactation Herd
A B

Number of cows 61 58

Average for the year share of primiparous cows (%) 54 53

prior to AMS installation  lactation duration (days) 395.61 418.4
milk yield per lactation (kg) 8808.22 10831.8
fat content (%) 4.13 3.96
protein content (%) 3.26 3.43
lactose content (%) 4.93 4.82
dry-matter content (%) 12.99 12.93

Averages 1 year after share of primiparous cows (%) 44.2 44.8

AMS installation lactation duration (day) 348.52 460.47
milk yield per lactation (kg) 8938.2 129115
fat content (%) 3.96 3.82
protein content (%) 3.30 3.54
lactose content (%) 4.90 4.87
dry-matter content (%) 12.88 12.91

greater potential for profitable dairy production (Gray et al.,
2012; Edwards et al., 2014).

The aim of the present study was to identify changes oc-
curring during the milking of cows in various periods fol-
lowing the introduction of an AMS. The focus has been on
the following milking parameters that are important for the
farmer: milkings per cow per day (MCD), milk yield (MY),
milking speed (MS) and milking duration (MD).

2 Materials and methods

The material for the study was collected in Poland at two
Polish Holstein—Friesian (PHF) dairy cattle farms, equipped
with an AMS. The system was introduced at the two farms in
October 2011. Both facilities had similar housing and feed-
ing conditions. An average of 60 cows was held on a slatted
floor; the sizes of the barns were similar, about 50 m x 24 m.
Feed was distributed at 9 a.m.; with herd A, the AMS was
cleaned and maintained three times a day, whereas with
herd B, these activities were performed twice a day. The fol-
lowing parameters were studied: MCD, MY, MS and MD.
Changes in the levels of traits were analysed over 6-monthly
periods after the installation of the robot. Following process-
ing and selection, the database contained 48 160 records on
which statistical analysis was performed.

The statistical effects of the factors studied on recorded
traits were verified by general linear models (GLMSs) pro-
cedure (SAS, 2014). The following multifactor linear model
was used:
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Where y;jkimnop 1S the ijklmnopth observation of a cow, # is
the fixed effect of the jth farm (1, 2), Ix is the fixed effect
of the kth consecutive lactation (1,2), s; is the fixed effect
of the Ith calving season (1-4), t,, is the fixed effect of the
mth period of operation of the AMS (1-4), DIM,, is the fixed
effect of days in milk (DIM) n in 300 classes where day 6
is the first class and day 305 the last class, TD,, is the fixed
effect of test day o, (hp) ... (St)im is the respective interac-
tion between fixed effects, and Z,, represents the Legendre
polynomials modified by Gengler et al. (1999):

z0=1;21 = v/3x; 22 = 1/5/4(3x2 — 1); )

2(t—5)

Imax — Imin

where ¢ is the day of test milking (tmax, tmin — time of max-
imum and minimum day of test milking), r,, is the random
regression coefficient on Z,,, for the permanent environmen-
tal effect p and e;jximnop is the random residual connected
with ijklmnopth observation.

The calving season was divided into four periods: winter
(December, January, February), spring (March, April, May),
summer (June, July, August) and autumn (September, Octo-
ber, November). Two groups were selected by lactation type:
primiparous and multiparous cows (from second to fourth
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Figure 1. Levels of milk yield in herds under study.
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Figure 2. Levels of milkings per cow per day (MCD) and milking
speed (MS, kgmin—1) in herds under study.

lactation). The 2-year operation of the AMS at the farm was
divided into four 6-month periods.

3 Results

The general characteristics of the population under study is
presented in Table 1. The share of primiparous cows in the
herds under study prior to introducing the AMS had been
more than 50 %, and following the introduction of the robot
it fell to about 44 %. In herd B, both in the period to and
during the operation of the AMS, cows in full lactation were
milked for longer than in herd A. In herd B, the average lac-
tation was longer than in herd A by more than 100 days. The
average milk yield in lactation increased in both herds fol-
lowing the introduction of the AMS. In herd A, it rose by
about 120 kg in lactation, and in herd B, it rose by more than
2000 kg, which might be directly related to the average du-
ration of cow lactation. In the herds under study, herd A had
a higher fat content in milk during lactation, both prior to
and following the installation of the AMS, whereas the pro-
tein content was higher in herd B. Following AMS installa-
tion, the average protein content in milk rose slightly in both
herds. The average level of lactose and dry matter in milk in
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Figure 3. Level of milking duration in herds under study.

lactation prior to and following the installation of robots was
similar.

Based on the statistical analysis, the effect of all factors
under study and the interactions between them proved to be
highly significant for the analysed traits related to the cow
milking process. A detailed analysis of milking parameters
depending on the level of factors studied is presented in Ta-
ble 2. MY was found to be higher from the seventh month
onwards of the studied period of operation of the AMS as
compared to the initial period, and it stayed at a higher level
until the end of the second year of data collection. Thus, from
the seventh month onwards of milking with the AMS, mean
MS decreased. At the same time, in the second and third pe-
riod under study, the most MCD were found, accompanied
by the shortest MD.

What seems to be interesting is the observation concerning
the effect of the lactation stage: the highest MY was recorded
in the initial phase, with a similar trend in MD and MCD.
The cows calving in spring and winter were also found to
have yielded the highest amount of milk, with a high MS.
The lowest MY was obtained from the cows that calved in
the autumn months. At the same time, over that period, the
cows were milked the shortest and with a lower MS. This
study found that the monitored milking parameters of older
animals, following the second lactation, were characterised
by a higher MY, more MCD, a higher MS and a longer MD
as compared to younger cows.

Figures 1, 2 and 3 present, separately for both barns,
changes in the level of traits related to the milking process of
cows in the 2 years from the time of robot installation. Dur-
ing the first 6-month period of AMS installation, more than
7000 milkings were taken; in the second and fourth 6-month
periods, the analysed number of milkings increased to more
than 10 000; and the highest number of analysed milkings oc-
curred in the third 6-month period following installation. The
lowest MY, at 9.75 kg, was found in the initial period follow-
ing the installation of the robot and the highest in the second
6-month period of installation (10.34 kg on average). Herd A
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Table 2. Level of milking parameters depending on factors studied.
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Factor Level of Statistic  Milk Milkings per  Milking Milking speed
factor yield (kg) cowperday duration (s) (kgmin~1)
Lactation Primiparous Mean 9.85% 2.78A 269.47A 2.47A
n = 29062 SD 2.12 0.73 112.83 0.91
Multiparous Mean 10.99A 2.81A 286.99° 2.61A
n=19098 SD 2.61 0.81 137.97 0.89
Calving season Spring Mean 10.47ACD 2 76AB 278.70ABC 2 62ABC
n=13784 SD 2.61 0.76 133.85 1.04
Summer Mean 10.23¢F  2.80BDE 284.95ADE 9 47AD
n=10016 SD 2.23 0.79 146.79 0.80
Autumn Mean 9.96BDEF 2 78CD 271.74BD 2 47BE
n=12872 SD 217 0.75 114.91 0.87
Winter Mean 10.53ABE 2 g3ACE 271.48CE  253CDE
n=11488 SD 2.45 0.78 94.68 0.84
Phase of lactation <100th day Mean 11.35AB  2.93AB 310.93AB  2.49AB
n=14681 SD 2.66 0.80 135.48 0.94
Days 100-200  Mean 10.38AC  2.86AC 27252AC  257AC
n=14122 SD 2.08 0.77 115.34 0.92
Days > 200 Mean 9.45BC 2.63BC 253.09BC  252BC
n=19357 SD 2.03 0.71 113.98 0.87
AMS period of operation ~ Month 1-6 Mean  9.88AB 2.68ABC 283.03ABC 2 37ABC
n=7719 SD 2.72 0.73 131.47 0.88
Month 7-12 Mean 10.39°C 286" 266.757PE 2 66ADE
n=12196 SD 2.29 0.76 117.64 0.99
Month 13-18  Mean 10.338D  2.g7BD 273.42BDF 2 54BDF
n=17982 SD 2.19 0.78 115.91 0.86
Month 19-24  Mean 10.45¢D  2.65CD 288.19CEF 2 47CEF
n=10263 SD 2.55 0.73 136.14 0.88
Herd A Mean 10.39A 2.69A 292.24A 2.39A
n=21338 SD 2.20 0.69 124.24 0.82
B Mean 10.23A 2.87A 263.83A 2.64A
n=26822 SD 2.53 0.81 114.97 0.95

AA - values marked with the same capital letter are significantly different at P < 0.01; n — no. of recorded milkings; SD — standard deviation.

Table 3. Pearson correlation coefficients together with their signif-
icance between the cow milking parameters studied.

Trait Milk yield  Milkings per  Milking
cow per day  duration

Milkings per cow per day = —0.2779**

Milking duration 0.3909** —0.1293**

Milking speed 0.1345** —0.0092* —0.7092**

** P <0.01,* P<0.05
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in the subsequent periods systematically improved its mean
milk yield, the increase being more than 1 kg (Fig. 1).

The highest average MCD level, at 2.85 per cow, was re-
ported in the third 6-month period following the installation
of the robot. The least MCD were observed in the first pe-
riod under study following installation, at about 2.69 times a
day, whereas in the fourth period it was 2.78 on average in
both herds studied. Despite the fact that the number of ani-
mals was similar in both herds under study, significant dif-
ferences were observed in the number of milkings since the
second analysed period following the introduction of milk-
ing robots. The highest number of milkings was recorded in
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herd B; also in that herd, a higher MS was found in each
period studied (Fig. 2). For MD, starting from the second pe-
riod under study, this trait showed higher values in herd A
(Fig. 3).

Based on the estimated correlation coefficients, a low pos-
itive correlation between MD and MY was identified. Nega-
tive relationships were obtained between the following traits:
MY and MCD; MCD and MD; and MD and MS. The corre-
lation coefficient between MD and MS was high (Table 3).

4 Discussion

Over the period of this study, the mean yield of cows un-
der study in Poland increased from 6980 kg in 2010 to more
than 7441 kg in 2013. The mean content of fat and proteins in
Poland in 2010 was at 4.18 and 3.35 %, respectively, whereas
in 2013 the figure was 4.16 and 3.36 %, respectively (PFH-
BiPM, 2014). Therefore, the herds in which the AMS was in-
stalled were characterised by a high milk yield. At the same
time, the percentage content of protein in these herds was
found to be at levels similar to the national average, and the
content of fat was found to be lower. Already prior studies
on AMSs (Sitkowska et al., 2013) demonstrated a statisti-
cally significant effect of factors on the milk yield of cows
milked by an AMS, which has been confirmed in this study.

Castro et al. (2012) found that in Spanish herds, the av-
erage number of cows per robot was about 52.7, which was
significantly less than in the Polish herds studied. Castro et
al. (2012), Edwards et al. (2014) and Lgvendahl and Cha-
gunda (2011) found that the mean MY from cows during
milking by an AMS was about 10.70 kg, which is similar to
the figure found in this present study. A higher mean MY was
obtained by Hogeveen et al. (2001), at 11.8 kg, and in Ko-
rean studies (Lee and Choudhary, 2006), where it was more
than 14.10kg. According to studies conducted by Bach and
Busto (2005), irregular milking and voluntary cow traffic in
the AMS adversely affect the milk yield, especially in multi-
parous Cows.

Speroni et al. (2006) found that MCD values were higher
during autumn—winter (cold seasons) than during spring—
summer (hot seasons) (2.7 vs. 2.6) and higher in primiparous
(2.8) than in multiparous cows (2.5). The present study found
more MCD in summer and winter months and in the group
of older cows (multiparous). In investigating mean MCD,
Carlstrom et al. (2013) and Castro et al. (2012) obtained re-
sults similar to those of the present study, whereas Gygax et
al. (2007) obtained a slightly lower result, at 2.5 (range: 0.8
to 3.9 per cow). A higher MCD value in relation to the one
obtained in this study was reported by Deming et al. (2013;
2.84+0.4 times a day), and Madsen et al. (2010) reported
on average as many as three milkings per day. Lower mean
MCD values, i.e. from 2.1 to 2.5, were observed by Wagner-
Storch and Palmer (2013), Hogeveen et al. (2001), Ma¢uhova
et al. (2003), Carlstrém et al. (2013) and Bach et al. (2009).
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In Munksgaard et al. (2011), all cows were milked between 2
and 4.2 times per day. Castro et al. (2012) conclude that two
variables, i.e. the number of cows per robot and MS have
the greatest impact on MY in barns equipped with milking
robots. The authors consider that an optimal MCD value is
in the range of 2.4 to 2.6 milkings a day where there are
more than 60 cows per robot. This study obtained similar
or higher values. As demonstrated Kuczaj et al. (2010), an
increase in the daily frequency of milking cows causes an in-
crease in the yield of milk in lactation; this was more visible
in primiparous than in multiparous cows That increase was
sometimes unprofitable economically.

In assessing AMS advantages and disadvantages,
Svennersten-Sjaunja and Pettersson (2008) concluded that
working out an adequate, regular cow traffic to the milking
robots is necessary for achieving the optimum MCD and
higher MY and thus for driving up profitability. The impact
of MCD on MY depends on the cow milk yield level
(Hogeveen et al., 2001; Olechnowicz et al., 2006). High
variability in the frequency of cow visits to the robot are ob-
served depending on the lactation stage, some changes may
be also attributed to the preferences of individual animals.
As emphasised by various authors (Friggens and Rasmussen,
2001; Wagner-Storch and Palmer, 2003; Carlstrom et al.,
2013), MCD can be increased, which should drive up MY.
At the same time, cows with more MCD were observed to
yield about 20 % more milk as compared to cows with the
least MCD (Lgvendahl and Chagunda, 2011). Pettersson et
al. (2011) and Sorensen et al. (2008) observed, on the other
hand, that, with increasing MCD, MY also grew. However,
the present study could not find such straightforward re-
lationship in some of the groups analysed. Also, Erdman
and Varner (1995) found that increased MCD drive up cow
milk yield, regardless of the production level of animals.
As demonstrated by Deming et al. (2013), increased MCD,
which drive up milk yield, may be related to a lower number
of animals per robot — this makes it easier for cows to access
feed and water. André et al. (2010) emphasised that a higher
MCD value and herd size may increase revenues from an
AMS, but this strategy is related primarily to the milk yield
of individual animals. As emphasised by Nixon et al. (2009),
following the introduction of an AMS, the intermilking
intervals may vary widely, from very short to very long,
depending on the animal. A study by Klaas et al. (2003)
concluded that high-yielding cows receive a large proportion
of concentrates during milking in the AMS, which induced
them to go to the milking machine more frequently.

Edwards et al. (2014), based on least squares means of
milking characteristics at each stage of lactation (periods of
60d) in 1500 animals in 4 herds found that the highest MY,
at 12.07 kg, was until the 60th day of lactation; after this,
it then fell. Likewise, MD was the longest in the first stage
of lactation, at 4165, and the shortest, at 3165, in the last
(days 241-300 of lactation) stage of lactation, and a simi-
lar trend was observed in the present study. During the ini-
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tial 100 days of lactation, MD was more than 310, whereas
following day 200, it was 505 less. A longer MD was ob-
served also in lactations 3 and 4 as compared to lactations 1
and 2. In their studies of 31 herds with an AMS in Galicia,
Castro et al. (2012) demonstrated a longer MD (7.41 min)
than in the present study. Cow MD depends on many factors,
such as physiological status, animal lactation stage, MY, vac-
uum pressure and housing; therefore, as reported by Lee and
Choudhary (2006), various components that may influence
this trait can be refined.

Sivarajasingam et al. (1984) suggest that MS is the next
important parameter, following milk yield and milk com-
position, that may influence profitability in milk produc-
tion. Lee and Choudhary (2006) reported a similar MS, at
2.3kgmin~1, to the one reported in the present study, espe-
cially in herd A.

Edwards et al. (2014), based on summary statistics,
showed that MY, MD and MS increased with age, which is
also supported by the results of the present study. At the same
time, a strong negative correlation between MS and MD is
observed, which is supported by the results obtained by Lee
and Choudhary (2006).

In summing up the results of the present study, it has been
found that the average milk yield in lactation increased in
both herds following the introduction of an AMS. It was ob-
served that an increase in milk yield in AMS barns is pos-
sible, but it is affected by a number of factors related to
cow milking performance. Milking yield has been observed
to have gradually grown with time since the installation of
robots. Other milking performance indicators have changed
as well. During the initial 100 days of lactation, cows were
milked the longest and yielded the highest amount of milk;
also, the MCD value was the highest in that period. Multi-
parous cows were observed to have achieved higher milking
parameters. The mean MY level in both herds was found to
have changed across various periods. The average MY for the
whole period was on a similar level, but, due to the fact that
the duration of lactation in Herd B was more than 100 days
longer, that herd achieved a higher MY. This study found that
an optimal MCD value was in the range of 2.6 to 2.8 milkings
per day, with a 2.6 kg min—t milking speed.

The use of an AMS in barns enables farmers to monitor
cow performance traits and to study the relationships be-
tween them; farmers should try to select for traits that ensure
high performance and are positively related to milking yield.
This study found a positive relationship between MD and
MY. A highly negative relationship was obtained between
MD and MS, which means that these parameters should be
closely monitored.
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