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Cows in their first lactation usually have lower milking parameters than multiparous
cows. The purpose of this study was to determine changes in milking parameters in pri-
miparous and multiparous cows in a quarter milking system. This is preliminary research
which at a later stage will indicate whether primiparous cows milked in an automatic
milking system (AMS) throughout their first lactation will have better milking parame-
ters as multiparous cows. The data for statistical analysis was collected from three dairy
herds in which Lely Astronaut A4 automatic milking systems were used. In total, data
from 718 cows were analysed (531 lactations of primiparous cows and 477 of multiparous
cows). The data was collected over a period of four years beginning in 2012, when the
automatic milking system was implemented. After eliminating visits to the milking robot
which ended in refusal, we analysed 352,708 milking sessions from primiparous cows
and 488,711 from multiparous cows. Multifactorial analysis of variance of the numerical
data was performed using a linear model taking into account the effect of herd, lacta-
tion stage, milking year and season, and the interaction of these factors. The statistical
procedure showed that all linear model components had a highly significant or signifi-
cant impact on the milking parameters considered. During initial stage of lactation the
duration of the stay in the milking robot in the two groups was very similar—396-398 s.
During this stage the milking time was about 268 s for the primiparous cows and 280 for
the multiparous cows, and the average milk yield was 8.38 kg for the former and 10.40
kg for the latter. During the final stage of lactation (after 200 days) the milking time was
214 s in the primiparous cows and 241 in the multiparous cows, with yield of 7.93 and
8.77 kg of milk, respectively. Both primiparous and multiparous cows stayed longer in
the milking robot and were milked longer in the spring and winter, which can be linked
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to higher milk yield. In both groups of cows it took longer to milk the rear quarters;
these differences amounted to about 25 s in the primiparous group and about 40 s in the
multiparous group.

KEY WORDS: Automatic milking system / primiparous cows / multiparous cows / milk
yield / quarter milking

In the automatic milking system (AMS) produced by Lely a cow can decide on its
own when it is milked, which improves its well-being and seems to be a more ethical
approach [5, 20]. The use of the AMS in the herd requires the determination of the
optimal number of animals per milking robot, to fully exploit its potential and to pro-
vide the animals with problem-free access to the machine. When the stocking density
is too high the waiting time for milking is prolonged, but when it is too low the use of
the system is not economical. Cows waiting a long time to be milked experience stress,
which can predispose them to udder diseases [9]. Ketelaar-De Lauwere et al. [10] state
that even with optimum stocking density variation is observed between individuals in
the time spent in the box (TB). Farmers aim to fully exploit the potential of the milking
robot. The profitability of production mainly depends on three milking parameters:
milk yield, milking time and the time spent by the cows in the box [7, 13].

The time spent in the box depends on the length of each stage of automatic milking.
The sequence of these stages is constant, but specific milking elements can take diffe-
rent amounts of time depending on the circumstances, e.g. due to problems with teat
recognition or placement of milking cups, longer milking time due to milk quantity or
flow rate, and finally the cow’s individual physical or psychological characteristics.
Hopster et al. [8] stress that in the case of cows which are lower in the herd hierarchy,
including primiparous cows, which due to their physiology produce less milk during
milking, improper stocking density can be a very stressful factor which is closely lin-
ked to the milking process. At the same time it should be emphasized that primiparous
cows milked in the AMS may demonstrate higher yield in subsequent lactations owing
to the greater frequency of milking in this system [12, 21].

The objective of this study was to determine changes in cow milking parameters in
the quarter milking system in primiparous and multiparous cows. This is preliminary
research which at a further stage will show whether primiparous cows that have been
milked in the AMS throughout their first lactation will demonstrate better milking pa-
rameters in subsequent production periods.

Material and methods

The data used for the statistical analyses were collected in three herds of dairy
cattle, located in the Wielkopolskie Voivodeship and equipped with an Astronaut A4
automatic milking system (AMS) by Lely. All facilities were newly built and adapted
to the AMS. The animals were fed using the PMR (Partly Mixed Ration) method at
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a feed table and additionally received individually (depending on their milk yield) a
concentrate in the milking box.

In herd A data collected from a total of 368 cows were analysed, with the primiparous
cows accounting on average for 47% of the herd; in herd B the data were collected from
174 animals, of which about 52% were primiparous; and in herd C data from 466 animals
were analysed, of which 56% were primiparous. In total, data on 531 lactations of primipa-
rous cows and 477 of multiparous cows were analysed. The data were collected over a pe-
riod of four years, from the moment the herds were formed in 2012. After discarding visits
to the robot that ended in refusal, a final total of 352,708 milking sessions of primiparous
cows and 488,711 milking sessions of multiparous cows were analysed.

The following characteristics were monitored during the study: the time spent by the cow
in the robot milking box (time in the box), the total and quarter milking time, and the total
and quarter milk yield per milking session. The following designations were introduced for
the udder quarters: FL — front left, RL — rear left, FR — front right, and RR — rear right.

The variability in these characteristics was determined by the following factors: herd
(A, B, C), lactation stage (below 100 days, 100-200 days, 201-305 days), year (2012, 2013,
2014, 2015) and milking season (spring, summer, autumn, winter). The effect of the inter-
action between the factors was determined as well.

The effect of the factors on the characteristics analysed was tested using multifactorial
analysis of variance [15], using the GLM procedure in the SAS package with the following
linear model:

Vijtim = h +Zj tpcth +hlij +hp, +hr +lpjk +lrjl + Pyt €
where:

Yiteim ~ ijklm-th milking

h.— fixed effect of the i-th herd (A, B, C)

Zj— fixed effect of the j-th lactation stage (below 100 days, 100-200 days, 201-305 days)

p, — fixed effect of the A-th year (2012, 2013, 2014, 2015)

r,— fixed effect of the /-th milking season (spring, summer, autumn, winter)

hli/., hp,, hr,, lpjk, lrﬂ, pr,, — interactions

Cm random effect associated with the ijklm-th observation

In addition, linear correlation coefficients between the milking parameters were calcu-
lated [15].

Results and discussion

The multifactorial analysis of variance indicated a highly significant impact of all
factors tested (herd, lactation stage, year and milking season) on all analysed milking
characteristics, in both the primiparous cows and the multiparous cows (Table 1). Ta-
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bles 2-5 present mean values and coefficients of variation for time in the box and for
milking time and milk yield, both total and for individual quarters, in relation to the
research factors. The factors of herd and lactation stage are shown in Tables 2 and 4,
and the season and year of milking in Tables 3 and 5. The two first tables present the
results for the group of primiparous cows. The highest number of milking sessions was
recorded in herd C and the lowest in herd A, which was directly linked to the number of
cows in these herds (Table 2). The average time in the box ranged from 4 to 6 minutes.
The average total milking time was on average 238 seconds in herds A and C, but over
6 seconds longer in herd B. The shortest milking time was noted in herd A (FL, RL
and FR quarters) and the longest in herd B (FL, RL and RR quarters). Longer milking
time was observed for the rear quarters, by 17 to 35 seconds. Herd A was characterised
by the lowest average milk yield, at 7.63 kg, while herd C had the highest yield, with
0.95 kg more milk obtained per milking session. The same pattern was observed for the
quarter milking sessions. In a study by Edwards et al. [6], the average milk yield per
milking was similar to that of the group of multiparous cows (10 kg; Tab. 4), while the
average milking time in the study cited was longer, at 360 seconds.

The next factor analysed was the stage of lactation. The longest time in the box,
longest milking time and highest milk yield (except for the RR quarter) were noted in the
period up to 100 days of lactation. In subsequent lactation stages a decrease was obse-
rved in the time in the box, milking time and milk yield. The differences in yield between
the rear and front quarters oscillated between 0.31 and 0.46 kg of milk, depending on the
lactation stage. A similar number of milking sessions was observed between 2012 and
2014, while in 2015 this number was three times lower (Tab. 3). Wright et al. [21] report
that increased milking frequency in primiparous cows has no negative impact on udder
health and improves yield in successive stages of lactation.

The shortest milking time was observed in 2012 and the lowest yield in 2015. The
highest yield and also the longest milking time were recorded in 2014. In 2012 and 2013
the RL quarter was milked 27 seconds longer and the RR quarter 31 seconds longer than
the front quarters. In the next two-year period these differences were 23 and 19 seconds,
respectively. The smallest differences in yield (0.28 and 0.29 kg) between the front and
the rear quarters were noted in 2012, and the largest (0.42) in 2013. A study by Tancin et
al. [18] found that the rear quarters are usually larger than the front ones, which results
in higher milk yield and a longer milking time. On the other hand, a study by Berglund et
al. [4] found no significant differences in milk yield and milk composition between front
and rear udder quarters.

Analysis of the effect of the season revealed that the highest number of milking ses-
sions was observed in spring, while the shortest milking sessions took place in summer.
The lowest number of milking sessions was noted in autumn, and these were also char-
acterised by the lowest milk yield. The longest and most productive milking sessions
were observed in winter. The differences between the yield of the front and rear quarters
varied depending on the season, ranging from 0.32 to 0.36 kg. Bagnato et al. [3] report
that cows in their first lactation show increasing milk production capacity as the lactation
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progresses, while older cows exhibit a reverse trend, i.e. decreasing milk yield and lacta-
tion persistency. Spolders et al. [17] observed higher milking frequency in primiparous
cows, which did not, however, result in higher milk yield.

Tables 4 and 5 present the characteristics analysed divided on the basis of the research
factors in the multiparous cows. The highest number of milking sessions was recorded in
herd C, as in the case of the primiparous cows, while the fewest were observed in herd B
(Table 4). The time spent by the cows in the box ranged from 367 seconds in herd A to 403
seconds in herd B. Herd A was characterised by the shortest milking time and the lowest
milk yield. The highest average milk yields per milking session were observed in herd B,
in which the milking time was the longest. Longer milking time (by 33-50 seconds) and
higher yield (by 0.44-0.64 kg of milk) were observed for the rear quarters. Edwards et al.
[6] also indicate that both milk yield and the milking time increase with age.

Analysis of the factor of lactation stage revealed similar dependencies as in the case
of primiparous cows. The longest milking time and the highest milk yield were noted
in the cows up to the hundredth day of lactation, and the time in the box decreased with
subsequent stages, together with the milking time and the milk yield. Yield differences
between the front and rear quarters varied between 0.52 and 0.57 kg of milk, depending on
the lactation stage (Tab. 4). Sandrucci et al. [14] and Tancin et al. [18] demonstrated that
cows in the initial stage of lactation gave more milk than during the other stages. In a study
by André et al. [1], both milk yield and milking time in different stages of lactation were
similar to the values obtained in the present study.

The lowest number of milking sessions was recorded in 2015 and the highest in 2013
and 2014. The shortest time in the box was noted in 2013, and the longest in 2014. The
lowest milking yield was noted in 2012 and was accompanied by the shortest milking
time, while the highest milking yield was observed in 2014, and the longest milking time
in 2015. The differences in milking time and milk yield between the front and the rear ud-
der quarters in 2012 and 2015 were 24-53 seconds and 0.49-0.61 kg of milk (Tab. 5).

Examination of the dependencies between the season and milking parameters showed
that the minimum and maximum values were assigned to the same seasons as in the case
of primiparous cows. The most milking sessions took place in spring. The time spent by
the cows in the milking box was shortest in summer. The lowest milk yield per milking
session was observed in autumn. Milking sessions in winter were longest and produced the
highest milk yield. In a previous study by the authors [16], conducted on other herds, the
lowest milk yields were observed in autumn and winter. In the present study the differences
between the yield from the front and the rear quarters varied depending on the milking
season, ranging from 0.48 to 0.57 kg (Tab. 5).

The time spent by the animals in the milking robot was 361 and 383 seconds for pri-
miparous and multiparous cows, respectively, and the average milking time accounted for
over 66% of this time in the primiparous cows and nearly 70% in the multiparous cows.
The differences between milking time for the front and rear udder quarters were smaller in
the primiparous cows than in the multiparous cows. The rear udder quarters of primiparous
cows were milked 25 seconds longer than the front quarters, while in the case of multiparo-
us cows the difference was on average 40 seconds. Comparison of the milking time of the
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front and rear udder quarters in relation to lactation number showed that the milking time
of the front quarters was 8 seconds shorter in primiparous cows than in older cows, and the
milking time of the rear quarters was 22 seconds shorter.

The milking time of the front quarters was 47% of the total milking time in the primipa-
rous cows and 45% of the total milking time in the multiparous cows, which was directly
linked to the quantity of milk obtained from these cows (8.22 kg in the case of primiparous
cows and 9.82 kg for multiparous cows per milking session). Bach and Busto [2] as well
as Berglund et al. [4] reported that the milk yield of rear quarters is up to twenty percent
higher that the yield of the front quarters, which is due to the morphology of the different
quarters [11, 18, 19].

Pearson’s linear correlations between the characteristics studied were positive and sta-
tistically confirmed (Table 6). Pearson’s correlation coefficients indicated a high positive
correlation between the time spent by the cow in the box and its milking time (0.937)
(P<0.001). On the other hand, the correlation between milking time and milk yield was
quite low, at 0.361, despite the dependency observed in the results for milk yield and mil-
king time. This correlation was intermediate between the value obtained by Sandrucci et
al. [14], i.e. r=0.47 (P<0.001), and the value of 0.27 demonstrated by Edwards et al. [6].

The research demonstrated a highly significant impact of the herd, lactation stage, se-
ason and year, as well as the interaction between these factors, on the milking parameters
analysed, i.e. the time in the box, milking time, milk yield, and milking time and milk yield
for individual udder quarters, in primiparous and multiparous cows.

Multiparous cows from herd B spent the most time in the box (over 400 seconds) and
the primiparous cows from herd C spent the shortest time in the box (about 350 seconds).
During the first stage of lactation the time in the box for both groups was at a very similar
level of 396-397 seconds. During this stage the milking time averaged about 268 seconds
for primiparous cows and about 280 seconds for multiparous cows. The average milk yield
at this time was 8.38 kg of milk in the case of primiparous cows and 10.40 kg in multipa-
rous cows. In the final stage of lactation, after 200 days, the milking time of primiparous
cows was 214 seconds and that of multiparous cows was 241 seconds, while the milk yield
was 7.93 and 8.77 kg, respectively. Both primiparous and multiparous cows spent more
time in the robot and were milked longer in the spring and winter, which can be linked to
higher milk yield. The rear udder quarters were milked longer in both primiparous cows
and multiparous cows; the difference was about 25 seconds in the case of the former and
about 40 seconds in the case of the latter.
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