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Abstract: The article presents results of monitoring carried out in barns with milking robots. The use of milking robots
makes it possible, with proper stocking, to milk cows without human intervention. The analysis included all barns with
Lely robots located in the Podlaskie Voivodeship in 2018-2021. In 2018-2019, there were seven such barns, and in
2020-2021 nine. In all barns, high milk yields were obtained of more than 1000 kg compared to the average milk yield
obtained from stock of cows under monitoring in the Podlaskie Voivodeship. In 2021, four barns milked more than
9.5 thous. kg, three barns more than 10 thous. kg and two barns almost 12 thous. kg of milk. Fat and protein contents
were typical for the breed. Three barns were monitored more closely in 2021, with varying numbers of robot milking
stations in barns, i.e. A one, B two and C three milking stations. In 2021, over 700,000 kg was milked per stall in stall A,
over 750,000 kg in B and over 850,000 kg of milk in C. The average milk per cow per milking was high, with over 11 kg
in barn A, 12 kg in B and 13 kg in C.

Keywords: dairy cow, milk, milk fat content, milk protein content, milk yield, milking robot

INTRODUCTION

The Podlaskie Voivodeship is the Poland’s second-largest milk
producer (GUS, 2021). From 2010 to 2019, the Podlaskie
Voivodeship saw an increase in milk production from 1969.4 to
2822.9 mln litres, or 43.3%. At that time, the increase in the
country was smaller at only 18.2%. In 2019, 20% of the national
milk volume was produced in the Podlaskie Voivodeship. Many
factors contributed to such a significant increase, but according to
the authors, two had the most significant impact. The first is the
so-called “Turo$l experiment” implemented by the Dutch
government in the 1990s (Skopiec, 1994). It involved the Dutch
running a farm and advising on the modernisation of barns in the
area and training of farmers. The second factor was the far-
sighted investment policy pursued by local dairies. They have
implemented modern technologies, which have allowed them to
produce original goods. “Serek piatnicki” was in great demand
throughout the country. It allowed a high milk price to be applied

at the point of purchase. In this way, farmers in Podlasie
established their specialisation in milk production, which
translated into high production capacity and profitability.

There has recently been significant technological advance-
ment in milk production (Borusiewicz and Kapela, 2013). Before
that, the robotisation of milking in the country in general and in
the Podlaskie Voivodeship in particular had been slow (Borusie-
wicz and Marczuk, 2017; Winnicki, Mielcarek and Jugowar, 2018;
Romaniuk, Winnicki and Borek, 2021). It is evidenced by data
cited below for barns under monitoring conducted by the Polish
Federation of Cattle Breeders and Milk Producers (Pol. Polska
Federacja Hodowcow Bydla i Producentéw Mleka - PFHBiPM). In
2021, milking robots were used in only 28 barns in the Podlaskie
Voivodeship, compared to 323 farms with robots in the country,
which accounted for 8.7%. The number of cows was also low: 3,210
head, only 10.3% in relation to the country (31,158 head).

The use of milking robots allows for milking cows without
human intervention. First of all, automation requires the correct
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selection of the number of cows to be milked by the robot (Rotz,
Coiner and Soder, 2003; André et al., 2010). If the robot load is
too high, not all cows will be milked at appropriate intervals
(Sitkowska et al., 2016). The cost-effectiveness of using milking
devices depends primarily on their milking capacity (Aerts et al.,
2022). The use of milking devices on the farm also poses
challenges in supplying the equipment with electricity of adequate
quality (Czekata et al., 2017; Skibko et al., 2022) and addressing
vacuum fluctuations in the milking installation (Skalska et al.,
2013). It is particularly relevant in cases where the farm is located
in close proximity to an unstable energy source, such as
photovoltaics or wind turbines (Skibko et al., 2021; Skibko,
Holdynski and Borusiewicz, 2022).

Cow milking efficiency is a complex issue influenced by
many factors. These can include but are not limited to the number
of cows per robot, the number and time of stall handling, the
number of connection attempts or the type of movement (free-
forced) (Castro et al, 2012; Tremblay et al., 2016). Milking
efficiency is a critical factor affecting profitability, so research on
this issue is most welcome by the agricultural community. The
highest milking efficiency is obtained when the ratio of milk
volume to time spent by a cow in the robot is the highest (Odor¢i¢
et al., 2019). Milking efficiency varies with days of lactation and it
is the lowest in early lactation, reaches a peak in mid-lactation and
then decreases again (Heringstad and Bugten, 2014).

Our research evaluated the effectiveness of milking robots
used in barns in the Podlaskie Voivodeship, in particular:

- robots occupancy,
- milk yield, and
- herd management.

MATERIALS AND METHODS

Values that formed the basis for the analysis came from different
sources, covered different elements, and were related to different
time ranges for each indicator. To limit variation, the study
examined:

- robots by the same company - Lely,

- one voivodship - Podlaskie,

- the same period of 2018-2021.

Table 1. Lely milking robots in the Podlaskie Voivodeship

Table 1 shows basic information about nine barns meeting
the above conditions. The order of the barns was determined by
the year robots were commissioned in the respective herd.

The figures presented in Table 1 were derived from the three
sources stated below.

1. Studies which cover evaluation and breeding of dairy cattle.
These are annual inspection reports on the dairy cow perfor-
mance by the Polish Federation of Cattle Breeders and Milk
Producers (PFHBiPM).

2. Report “Farm Scan” downloaded from the Lely’s IT system on
16 February 2022. The report was provided by Lely. The report
contains a number of milking robot performance and cow
production indicators for the past month and year relative to
the date the report was downloaded. The report included three
barns labelled A, B and C; see Table 1. The differentiating
factor was the number of milking stations: A - one station,
B - two and C - three milking stations.

3. Outcome reports — abbreviated RW-1 and RW-2, provided by
PFHBIPM to the farmer after the performance audit. The same
barns A, B and C were analysed as in point 2. In barn A, an
AR-8 inspection was performed every two months, six inspec-
tions during the year; in barns B and C, the AR-4 inspection
was provided every month; 11 inspections during the year. The
RW-1 report contains general herd data, and the RW-2 con-
tains information on each cow individually. These reports were
made available by the herds’ farmer-owners to the authors.

RESULTS AND DISCUSSION

PERFORMANCE OF COWS IN HERDS WITH LELY MILKING
ROBOTS IN THE PODLASKIE VOIVODESHIP IN 2018-2021

In 2018 and 2019, seven barns met the requirements set out in the
methodology, and from 2020 onwards, another two barns. They
used: single-stall in three barns, double-stall in four barns and
triple-stall in two barns. All herds showed good performance
(above 9,000 kg of milk per cow per year in all cases) throughout
the four years. Of the 32 annual results analysed, in 11 cases, the
average milk yield was up to 10 thous. kg; in 14 cases, it was
between 10 and 11 thous. kg; in 2 cases, between 11 and 12 thous.
kg and in 5 cases above 12 thous. kg (Tab. 2, Fig. 1-3). The lowest

Milking robot Number of cows
Herd No. L the number of milking | . ) Herd designation
year of commissioning e in the herd in 2021 per post
1 2011 2 139 70 -
2 2012 1 60 60 -
3 2012 2 110 55 -
4 2013 2 152 76 B
5 2014 2 160 80 -
6 2015 1 70 70 -
7 2015 3 219 73 C
8 2020 3 191 64 -
9 2020 1 72 72 A

Source: own elaboration.
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Table 2. Performance of cows in milking herds milked by Lely
robots in the Podlaskie Voivodeship in 2018-2021

Capacity (kg) Content (%)
Herd No.
milk fat [ protein | fat | protein
The year 2018
1 9,716 395 325 4.06 3.34
2 12,038 462 386 3.84 3.21
3 10,006 400 346 4.00 3.46
4 10,752 416 352 3.87 3.27
5 9,124 360 298 3.95 3.27
6 10,180 411 342 4.04 3.36
7 10,751 409 345 3.80 3.21
Podlaskie Voivodeship [ 8,123 333 277 4.10 3.41
Country 8,298 334 281 4.03 3.39
The year 2019
1 9,463 380 327 4.02 3.46
2 12,359 461 384 3.73 3.11
3 9,463 389 331 4.11 3.50
4 10,537 424 357 4.02 3.39
5 9,073 348 298 3.83 3.28
6 9,972 392 331 3.93 3.32
7 12,343 463 395 3.75 3.20
Podlaskie Voivodeship | 8,479 349 291 411 3.43
Country 8,530 347 292 4.07 3.42
The year 2020
1 10,054 410 337 4.08 3.35
2 12,215 448 375 3.67 3.07
3 10,231 429 359 4.19 3.51
4 10,053 415 344 4.13 3.42
5 9,740 381 317 391 3.28
6 10,172 410 352 4.03 3.46
7 12,984 496 421 3.82 3.24
8 10,582 417 365 3.94 3.45
9 10,754 446 362 4.15 3.37
Podlaskie Voivodeship [ 8,697 358 297 4.12 3.42
Country 8,823 359 301 4.07 3.41
The year 2021
4 10,284 424 358 4.12 3.48
5 9,630 389 310 4.04 3.22
6 9,737 409 341 4.20 3.50
7 11,974 465 399 3.88 3.33
8 10,299 435 364 4.22 3.53
9 9,899 423 344 4.27 3.47
Podlaskie Voivodeship | 8,617 363 296 421 3.44
Country 8,837 365 302 4.13 3.42

Source: own study.

yield was recorded in barn 5, below 10,000 kg for all four years.
This barn also recorded the lowest milk yield of the entire period
analysed (9,073 kg in 2019). However, this was 594 kg higher than
the Podlaskie Voivodeship average (8,479 kg). On the other hand,
the highest yields were found in barns 2 and 7. In barn 2, three
times over 12,000 kg (in 2018, 2019 and 2020) and in 2021,
11,934 kg. In barn 7, the average yield exceeded 12,000 kg on two
occasions during the study (in 2019 and 2020) and 11,974 kg in
2021. Thus, it can be concluded that these were high yields,
significantly exceeding the average values of the Podlaskie
Voivodeship as well as the whole country.

A factor contributing to high milk yields was the increased
frequency of milking of high-yielding cows. It was adjusted to the
current daily yield of each cow. It is only possible with robot
milking. A significant increase in yield occurs when switching
from two to three times milking for cows with yields above 8,000
kg. This condition was met in all herds analysed. Additionally, in
the production of fat and milk protein, high values were achieved
in the farms (Tab. 2). The difference between the average fat
yield in the Podlaskie Voivodeship and that in the barns analysed
favoured the latter. Only once, in barn No. 5 in 2019, there was
a 1 kg lower fat content than the provincial average. In the
remaining years (2018, 2020 and 2021), a 23-27 kg higher yield
in relation to the provincial average was recorded in barn No. 5.
In the best barns (Nos 2 and 7), the difference was more than 100
kg. The protein yield in the barns analysed was also higher than
the national average. The difference between the Podlaskie
Voivodeship average and the lowest among the barns (No. 5)
ranged from 7 kg (in 2019) to 21 kg (in 2018), while the
difference between the best barns (Nos 2 and 7) generally
exceeded 100 kg.

The percentage of fat in milk was different. In 2018, in all
seven barns with milking robots, the fat content in milk was lower
compared to the average for the Podlaskie Voivodeship. The
lowest fat content was recorded in barns No. 7 (3.80%) and No. 2
(3.84%), i.e. in barns with the highest milk yield. A similar
relationship occurred in subsequent years. In 2019, only barn
No. 3 had a fat content equal to the provincial average (4.11%),
while in 2020, barns Nos 3, 4 and 9 had fat contents slightly
higher than the provincial average. Additionally, in 2021, in barns
2, 8 and 9, the fat content was slightly higher compared to the
provincial and national average. In all years analysed, the lowest
fat content was in the herds with the highest milk yields in barns
2 and 7. The negative correlation between the yield and the fat
percentage is a natural physiological phenomenon.

The average percentage of protein in milk in both the
Podlaskie Voivodeship and the country was very similar year to
year. Differences between barns were negligible, ranging from
0.25% in 2018 to 0.44% in 2020. As in the case of fat content, the
lowest protein content was found in the barns with the highest
milk yield (Nos 2 and 7).

ANALYSIS OF MILKING ROBOT OPERATION

A basic milking box unit is modular. The robot milks cows for
24 h, and its operation can be divided into two parts: the time the
cows occupy the stall and the so-called “downtime”. The use of
robots in selected barns with one (A), two (B) and three (C)
milking boxes are shown in Tables 3, 4 and 5. For comparison,
the results were converted per milking box. For the farmer, the
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primary indicator characterising the robot's efficiency is the

number of cows the robot can milk, which determines the herd

size per milking stall. The average number of cows annually and

in the last month before the data were downloaded from the

computer system was almost identical in all three barns (Tab. 3).

During the year, there were 64 cows in barn A, 65 in barn C and

66 in barn B. The same was confirmed last month, with 65 cows

each in barns A and B and 67 in barn C. In each case, this was

higher than the national average of 59 cows.

own study

The results demonstrate maximum robot utilisation. The
number of cows milked is derived from the number of milkings
performed and the average milking rate in the herd. During
a year, the number of milkings per day ranged from 171 in barn
B to 182 in barn C. Similar values were recorded for the last
month. In the barns surveyed, the number of milkings was 10 or
more above the national average.

A frequently used indicator of a robot’s performance is the
milk yield in a good year. It is the product of the number of cows

Table 3. Basic performance indicators of milking robots in herds of different sizes per milking stall

Value of the last 336 days in the herd Value of the last 30 days in the herd
Indicator Unit

A B C Lely Center A B C
Number of cows pes. 64 66 65 59 65 65 67
Number of milkings per day pes. 173 171 182 159 169 175 187
The amount of milk milked per:
- 24 hours kg 1,963 2,074 2,377 1,757 2,212 2,060 2,452
- per year thous. kg 716 757 867 641 807 752 895
Duration of activity:
- cleaning and massaging the teats s 59 42 41 46 60 42 42
- actual milking s 283 311 262 280 316 301 259
- the presence of the cow in the min 421 434 380 412 458 420 378

milking stall

The robot’s “free time” % 11.4 9.9 15.7 16.6 5.0 82 11.5

Source: own study.
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Table 4. Basic characteristics of milking cows

Value of the last 336 days in the herd Value of the last 30 days in the herd
Indicator Unit
A B C Lely Center A B C
Milking rate per day - 2.7 2.6 2.8 2.7 2.6 2.7 2.8
The amount of milk milked: kg
- per 1 milking 11.3 12.2 13.0 10.9 13.2 11.7 13.0
- per day 30.9 31.9 36.4 30.8 353 32.3 37.6
Out-of-class milk % 1.3 1.0 1.0 1.9 1.1 0.4 1.0
Percentage of cows with a milking % 16.4 10.2 9.9 12.7 16.8 6.1 8.3
interval of more than 14 h
Feeding of concentrate in the milk-
ing box:
- residues left behind % 11.5 10.3 7.8 7.8 12.0 8.9 3.9
- consumption per 100 kg of milk kg 12.0 11.6 8.0 13.4 10.8 11.9 8.9
Source: own study.
Table 5. Milking characteristics of cows in terms of milking interval and quantity of milk milked
Percentage of lactating cows in the herd in particular lactation in barn
Milking Quantity
ittt (o) el ) No. 1 No. 2 No. 3 and beyond
A B C A B C A B C
=14 15.1 4.2 8.2 9.6 2.8 4.1 16.4 4.2 4.1
>12
<14 2.7 6.9 2.7 2.7 5.5 1.3 4.1 2.8 1.3
6-12 - 67.2 87.5 85.7 69.9 77.8 84.3 64.4 81.9 73.4
=8 8.2 14 2.7 16.4 13.9 9.6 15.1 10.1 20.5
<6
<8 6.8 0 0.7 1.4 0 0.7 0 1.0 0.7
Total 100 100 100 100 100 100 100 100 100

Source: own study.

milked and their yield. The lowest daily milk yield was in herd A

at 1,963 kg, the highest in barn C at 2,377 kg. It was always more

than the national average of 1 757 kg per day. In annual terms,
this was: barn A - 716,000 kg-y™!, barn B - 757,000 kg-y"' and
barn C - 867,000 kg-y . It is assumed that an annual milking of

500-600 thous. kg justifies the use of robots economically.

Higher yields improve profitability of the robot. A high
quantity of milk was obtained in all barns. The cows’ average time
in the milking stall varied between barns (Tab. 3). The shortest
time cows stayed in the stall was in stall C, where the time-
averaged 380 s-y”' and an average of 378 s in the last month. In
contrast, in barns A and B, the stay was longer and varied slightly
over the periods analysed.

The human influence concerned the teat cleaning and
massage time and was determined to be about 1 min in stall
A and about 40 s in stalls B and C. Cows in barn C were milked
the fastest, with the actual milking time about 280 s.
“Downtime” consists of the following:

- changing cows in the box,

- blocking of stalls by cows “not designated” for milking (Lely
uses so-called free access - no waiting area with selection
gates),

- cleaning and disinfecting of milking equipment (2-3 times
a day).

According to Lely’s recommendation, “free time” should be
10-15% of the day time or 140-210 minutes. During the year, the
robot’s “free time” ranged from 9.9% in barn B through 11.4% in
barn A to 15.7% in barn C. In the last month analysed, it
decreased in all barns. It can therefore be concluded that the
“downtime” was within the range recommended by Lely.

The farmer determines the interval between milking and the
milking rate based on the cow’s milk yield in the herd. Lely
recommends that no more than 12 kg and a maximum 14 kg of
milk should be collected per milking. Across the country, the
average daily milk yield was 30.8 kg per day. In the herds
analysed, such a yield was recorded in herd A (30.9 kg), and
a higher value occurred in herd B (31.9 kg) and C (36.4 kg). In the
last 30 days analysed, there was an increase in herd A to 35.3 kg,
in B to 32.3 kg and in C to 37.6 kg per day. The milk obtained per
milking was also high (Tab. 4). It was true for all three barns and
both periods analysed. It means that the milking rate of 2.6 to 2.8
times per day was too low to provide the cows with the comfort
associated with milking. This situation is related to exceeding the
number of cows per milking stall. Another indicator that shows
the inadequacy of the number of cows per milking stall is the
percentage of animals with a milking interval of more than
14 hours. During the year, barns B and C accounted for around
10%, and barn A even 16.4%. In the last analysed month, the
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percentage of cows with a long milking interval decreased in
barns B and C, while it remained high in barn A (16.8%).

The out-of-class milk (impoundment) generally amounted
to about 1% of milk collected and was lower than the national
average of 1.9% (Tab. 4).

There were differences between the herds analysed regard-
ing the amount of concentrate feed consumed during milking per
100 kg of milk produced. An outstanding result was obtained in
herd C, only 8.0 kg. Much higher feed consumption was recorded
in herds B (11.6 kg) and A (12.0 kg). However, these results are
still better than the national average of 13.4 kg.

Table 5 shows the distribution of milking frequency in
relation to milk quantity. A division into five classes was adopted,
taking into account the interval between milking and the amount
of milk per milking. An interval of 6 to 12 h (ie. 4 and
2 milkings), a long interval of more than 12 h (up to 2 milkings)
and a short interval of fewer than 6 h (more than four milkings
per day) were taken as “normal”. The long interval accounted for
a high yield above 14 kg and a low yield below 14 kg. The short
interval accounted for milkings above 8 kg and below 8 kg.

Another factor considered in the study was the number of
lactations: first, second and third and onwards. The frequency of
“normal” intervals was lowest in herd A and was valid for all
lactations. The first lactation recorded the best results: herd
B with 87.5% and C with 85.7%.

Deliberately long intervals between milkings (more than
12 h) are used for drying. The effectiveness of this procedure is
milking below 14 kg. Such cases ranged from 1.3% (in herd C in
lactations 2 and 3 and beyond) to 6.9% (in herd B in lactation 1).
Few cows yielding more than 14 kg of milk were in herd B (from
2.8% in lactation 2 to 4.2% in lactations 1 and 3 and onwards) and
herd C (4.1% in lactations 2 and 3 and onwards, and 8.2% in
lactation 1). In contrast, there were many such cows in herd A:
in lactation 1 - 15.1%, in lactation 2 — 9.6% and in lactation
three and onwards - 16.4%. It indicates too infrequent milking in
herd A.

Table 6. Basic data on stock A in 2021

Short intervals between milkings, less than 6 h, are used for
cows with the highest productivity. The arrangements for such
intervals were generally correct. Small milkings - less than 8 kg
did not occur in barn A in lactation 3 and onwards and in barn
B in lactation 1 and 2. Moreover, a small percentage (0.7%)
occurred in barn C in all lactations. Only in barn A were there
6.8% primiparous. The advantage of frequent milking is evident
when milking over 8 kg. There were fewer such cows in lactation
1, while in lactation 2 and lactations 3 and onwards, the number
of such cows was more than 10% and even 20% (barn C cows in
lactation 3 and onwards). The results show that it is necessary to
take into account the number of cows per milking stall and the
actual performance of individual cows.

MANAGING HERDS OF DIFFERENT SIZES

Robotic milking is applied in the case of larger herds and
intensive and stable milk production. This is due to the high
investment costs for the robot. The optimum number of cows per
milking place is over 60. However, the average size of the herd
under monitored in the Podlaskie Voivodeship is below 45 cows.
Hence, a barn with one milking stall may pose an organisational
and economic challenge.

Single stall barn (A)

Table 6 shows the basic values characterising herd A in 2021. The
total number of cows during that year was reasonably stable,
ranging from 68 to 74. There was more variation in the number of
cows milked: for most of the year, these were between 65 and 69.
At the end of the year, the number of cows milked was only 53,
which affected the daily milk yield by the herd. With a balanced
average yield per cow (between 28.3 and 30.7 kg), daily herd
production was very stable, ranging from 1934 to 1995 kg (Fig. 4).
In contrast, in November (in a herd of 53 cows), despite the
highest yield of 31 kg per day, production from the herd was 300
kg lower (i.e. about 15%).

Month Number of cows Percentage of Number of calving once Milk production (kg) from

milked dried total cows milked 1 2 total cows flocks

1 65 3 68 96 3 - 3 30.2 1,963

2 - - - - 2 1 3 - -

3 66 2 68 94 1 4 5 29.3 1,934

4 - - - - 2 2 4 - -

5 65 8 73 89 1 4 5 29.8 1,937

6 - - - - - 2 2 - -

7 65 8 73 89 2 9 11 30.7 1,995

8 - - - - - 5 5 - -

9 69 5 74 93 1 3 4 28.3 1,952

10 - - - - - 2 2 - -

11 53 18 71 75 2 4 6 31.0 1,643

12 - - - - 4 17 21 - -

Source: own study.
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recorded in May, July and November, 49.4, 46.8 and 48.1 kg of
milk per day, respectively. The highest yields were for cows at 61—
100 days of lactation in March (38.5 kg per day) and September
(39.0 kg per day). The variation occurring is due to individual
variability - regular decreases in yield with the course of lactation
can be observed.

The fat content in milk followed a different pattern (Fig. 5b).
As a rule, the highest fat content was in milk from cows at the end
of their lactation. The highest daily milk yield showed the lowest
fat content. Such a relationship is a natural physiological
relationship. Similarly, there was a negative relationship between
milk yield and protein content (Fig. 5). In contrast, the unusual
results obtained in September 2021, when both fat and protein
contents were very similar in all lactation phases, pose an
interpretation challenge (Fig. 5b, ¢).

Cowshed with two milking places (B)

The number of cows in barn B changed slightly over the year
(Tab. 7). In both January and December 2021, it was almost
identical, 150 and 149 cows, respectively. There was also little
change over the year. The lowest number of cows (147 cows) was
in October, and the highest number (154 cows) was in May and
June. To evaluate the use of the milking robot, the number of
milking cows is important. In this case, the differences were more
significant. More cows underwent milking at the beginning of the
year (most in April — 138 cows) and fewer at the end of the year
(least in December — 122 cows). The difference of 16 cows gives
almost 2 h of milking per stall (16 cows - 434 s of cow stay in
milking stall - Tab. 3). It indicates how important a parameter on
the farm is to have an even number of cows milked throughout
the year. It depends on births which occur every month of the
year but the number of births varies. The lowest number of births
was in April and May (8 each), and the highest was in March and
September (18 each). Improvements in reproductive management
are needed in this element to achieve an even distribution of
calving throughout the year.

Table 7. Basic data on stock B in 2021

Figure 6a shows average daily milk yields according to the
lactation phase in the 2021 run. Differences were noted between
lactation phases and individual months of the year (Fig. 7). Cows
most frequently reached maximum milk yields in the second
month of lactation in the first eight months of 2021. Almost
identical milk yields in the 31-60 and 61-100 day lactation periods
were found in November and December 2021. In contrast, in
August and September, the maximum yield was recorded in 61—
100 days of lactation. During the year, the daily yield was 40.5 kg
on 31-60 days of lactation, while on 61-100 days, it was about
37.5 kg of milk per day. A reasonably even yield was observed on
101-200 days of lactation. It averaged about 33.9 kg of milk per
day, with extreme values found in November (32.7 kg) and
October (35 kg). At the final stage of lactation (more than 200
days), the average yield was 26.8 kg of milk per day. The difference
in yield between months increased, the lowest being in November
and the highest in June, respectively 23.4 kg and 30.6 kg.

The results indicate high individual variability in milk yield.
Therefore, constant monitoring of individual cow performance is
required and adjustments to milking frequency and amount of
concentrate fed need to be made. These are elements of the
precision farming procedure.

During lactation, the changes in the percentage of fat
(Fig. 6b) and protein (Fig. 6¢) varied. In both cases, the lowest
content was at the beginning and the highest at the end of
lactation. The average fat content in the first 100 days of lactation
was about 3.80%, in the next 100 days about 4.00%, and at the end
of lactation about 4.35%.

The average protein content in milk at the beginning of
lactation (days 31-60) was about 3.15%. It increased to about
3.30% on days 61-100, and then increased to 3.5% on days 101-
200 to reach about 3.7% at the end of lactation. It is assumed that
the balance of energy in feed intake in relation to the amount of
milk produced occurs when the protein content in milk is
between 3.2 and 3.6%. In the barn analysed (B), the degree of
balancing out varied between lactation phases. In the second
month of lactation, there was an energy deficit. From the third to

Number of cows Percentage Number of calving once Milk production (kg) from
Month of cows

milked dried total milked 1 2 total cows flocks
1 131 19 150 87 1 10 11 31.6 4,140
2 132 19 151 87 6 3 9 32.1 4,237
3 131 22 153 86 7 11 18 31.9 4,179
4 138 15 153 90 1 7 8 31.7 4,375
5 133 21 154 86 2 6 8 33.0 4,389
6 126 28 154 82 2 14 16 339 4,271
7 128 25 153 84 2 12 14 33.1 4,237
8 130 22 152 86 7 9 16 32.3 4,199
9 129 22 151 85 3 15 18 30.4 3,922
10 125 22 147 85 5 7 12 30.8 3,850
11 125 28 153 82 5 7 12 30.2 3,775
12 122 27 149 82 5 12 17 33.0 4,026

Source: own study.
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the seventh month of lactation, nutrition was balanced with milk
production. In contrast, from the eighth month of lactation
onwards, energy overfeeding was recorded.

The results presented show the difficulty to balance
nutrition of high-yielding cows. There are two sensitive periods.
The first one is at the beginning of lactation (peak performance)
and it is combined with the danger of malnutrition. This problem
occurs in every herd and increases as herd productivity increases.
This issue is the subject of research in many scientific centres. The
second period is at the end of lactation and it is accompanied by
the danger of overfeeding.

Cowshed with three milking stalls (C)

Barn C was the largest of the facilities surveyed (Tab. 1). In
January 2021, the herd consisted of 216 cows, with an increase to
232 cows in December (Tab. 8). Throughout the year, the number
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Table 8. Basic data on stock C in 2021

Number of cows Percentage Number of calving once Milk production (kg) from
Month of cows

milked dried total milked 1 2 total cows flocks
1 198 18 216 92 4 10 14 38.9 7,700
2 196 19 215 91 3 11 39.8 7,800
3 198 16 214 93 2 6 39.7 7,860
4 198 17 215 92 2 8 39.1 7,742
5 189 28 217 87 7 11 18 38.2 7,220
6 186 34 220 85 7 17 24 37.1 6,900
7 190 36 226 84 15 16 31 36.0 6,840
8 196 35 231 85 4 19 23 34.3 6,723
9 195 38 233 84 6 18 24 32.4 6,318
10 196 36 232 84 6 19 25 36.2 7,095
11 193 39 232 83 7 14 21 37.6 7,257
12 200 32 232 86 7 16 23 37.9 7,580

Source: own study.

of cows milked was relatively constant, between 190 and 200
cows, and it was below 190 cows only twice — in May (189 cows)
and June (186 cows). The percentage of cows milked varied
between 83% in November and 93% in March. The number of dry
cows changed as well. It was below 20 heads from January to
April, and above 30 from June to December. Such large
fluctuations did not adversely affect the production, as dried
cows do not require additional treatment.

Two leading indicators show the scale of the farm
production: the number of calving and the volume of milk
collected. There were 228 calvings per year on the farm, including

70 primiparas. As a rule, from 2 to 7 primipara were calved per
month. Only in July, there were significantly more primipara - 15
heads. The total number of calving in each month of 2021 also
significantly varied. The fewest calvings were in March (6) and
April (8). There were significantly more calvings from June to
December (more than 20), and the maximum number of calvings
occurred in July (31). The herd showed high milk production
levels (Fig. 8). The average daily yield per cow was below 35 kg
only twice (in August and September). In the other ten months, it
was over 36 kg and from February to April it exceeded 39 kg.
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Daily milk production from the barn varied. From June to
September, it was below 7,000 kg. In the other eight months (Janu-
ary—-May and October-December), it exceeded 7,000 kg of milk per
day. The difference between the extremes (in September 6318 kg and
in March 7860 kg) exceeded 1.5 thous. kg of milk per day.

Figure 9a shows the average daily milk yield per cow by
lactation stage over the year. As a rule, cows had the highest yield
in the second month of lactation. It was lower in only two months
(September-October), as it was <40 kg of milk per day. In the
other months of the year, it was >40 kg; in May, it was even
49.1 kg of milk per day. Milk yield was at a slightly lower level
from day 61 to day 100 of lactation (in ten months, it exceeded 40
kg per day). A very mild decline in milk yield occurred in the
second 100 days of lactation. In six months, the average exceeded
40 kg of milk per day. An apparent decline in milk yields did not
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Fig. 9. Basic data describing milk production in barn C, according to
lactation stage in 2021: a) average daily yield, b) percentage of fat in milk,
c) percentage of protein in milk; source: own study

occur until after the 200th day of lactation, but these were still
high yields - above 30 kg (only in October and November was the
decline significant, corresponding to yields of 26.1 kg and 28.8 kg
of milk per day).

Herd C is characterised by a low milk fat content (Fig. 9b).
In the initial phase (31-60 and 61-100 days of lactation) and the
middle phase of lactation (101-200 days), the fat content was
below 4%. In the final phase of lactation (201 and onward days),
the fat percentage was above 3.90%, with a maximum value
occurring in October (4.53%).

Low protein content in milk, below 3.20%, was observed in
the first 100 days of lactation throughout the year (Fig. 9c). It
indicates inadequate feeding of cows in terms of energy. It is
a common problem in herds with high milk yields. In the later
part of lactation, from day 101 to the end of lactation, the protein
content was mainly standard, i.e. 3.2-3.6%, which means a balance
of energy intake with feed relative to the amount of milk.

DISCUSSION

1. At all sites, high milk yields were obtained from cows through-
out the study period, on average 780,000 kg of milk per year.
The fat and protein content was typical for the breed. The
average fat content (in period analysed) was only 0.06% higher
than the national average of 4.08%. In the farms analysed, the
average fat content was 4.00%, with a standard deviation of
0.16%. However, the extreme values recorded in the individual
herds varied considerably and were 3.67 and 4.27%. The aver-
age protein content on a national scale (in period analysed)
was 3.41% and it was 0.02% lower than the average for the
Podlaskie Voivodeship, and 1.77% higher than the average
recorded on the farms studied (average protein content in milk
was 3.35%, with standard deviation of 0.126%). In the case of
protein, the spread of values between herds was also smaller,
ranging from 3.07% to 3.53%.

2. The amount of milk collected per robot station was high, on
average 10,517.59 kg, which was 124% of the average in Po-
dlaskie Voivodeship and 122% of the national average. Milk
production varied significantly between herds and years ran-
ging from 9,073 to 12,984 kg per robot station, with a standard
deviation of 1,021 kg.

3. Depending on the herd and month analysed, the number of cows
per milking stall was from 53 to 69. On average, 64.54 cows were
milked per stall per month, with an average total number of cows
in the herd of 74.4 head. A proper planning of cow drying
resulted in 86.79% of all cows in the herd milked at one stall.

4. The average amount of milk per milking was high at 33.68 kg,
with a standard deviation of 3.41 kg. The amount of milk
collected varied both between herds and the months analysed
and ranged daily from 28.3 to 39.8 kg per cow.

5. In order to improve the uniformity of milk production from
the barn, more attention should be paid to the uniformity of
calving during a year. The farms analysed (A, B and C) re-
corded a total of 458 calvings in 2021, an average of 12.72
calves per month. However, the differences in the number of
monthly calvings per year were very large, with only two
calvings in June and October and 10 calvings per milking stall
in July.
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6. In order to improve animal welfare, more attention should be
paid to intervals between milkings of high-yielding cows and
the composition of their feed. The best solution would be to
adjust the time between milkings, and the quantity and com-
position of the feed independently for each cow, depending on
her condition and day of lactation. It will not only optimise the
amount of milk collected per unit but also result in milk
parameters maintained at the desired level, in particular pro-
tein and fat content.

CONCLUSIONS

The authors showed that the herds were characterised by high
milk yields, and the milk obtained did not differ significantly in
composition from values typical for a given breed of cattle.
Nevertheless, some regularities could be observed in all herds
analysed (A, B, C). The lowest milk production per cow occurred
late summer and early autumn. It may be related to the shortage
of nutrients in the forages taken in by the animals. The peak
productivity occurs in winter and early spring. Knowledge of
these relationships can be used in herd management planning. To
increase milk production in cows, the amount of concentrate feed
can be increased, but this involves increased production costs.
Being aware of the periods of reduced milk production, one can
adequately plan months when cows dry out as this occurs mainly
in the months of reduced productivity.

While analysing the performance of milking robots used in
the barns, it can be concluded that they worked properly. The
number of milking stations correlated properly with the herd size.
As a result, the daily milking rate was significantly higher than the

>«

national average, while the robot’s “free time” was reduced.

REFERENCES

Aerts, J. et al. (2022) “Forecasting milking efficiency of dairy cows
milked in an automatic milking system using the decision tree
technique,” Animals, 12, 1040. Available at: https://doi.org/
10.3390/ani12081040.

André, G. et al. (2010) “Increasing the revenues from automatic
milking by using individual variation in milking characteristics,”
Journal of Dairy Science, 93(3), pp. 942-953. Available at: https://
doi.org/10.3168/jds.2009-2373.

Borusiewicz, A. and Kapela, K. (2013) “Nowoczesne rozwigzania
technologiczno-funkcjonalne stosowane w chowie kréw mlecz-
nych na przyktadzie wybranych gospodarstw powiatu tomzyns-
kiego [Modern technological and functional solutions used in
dairy cows breeding on the example of the selected farms of
Lomzynski province],” Inzynieria Rolnicza, 3(146), pp. 41-46.

Borusiewicz, A. and Marczuk, T. (2017) “Wyposazenie gospodarstw
specjalizujacych si¢ w produkcji mleka w techniczne $rodki
produkgji [Equipment of farms specializing in milk production
with technical means of production],” Problemy Inzynierii
Rolniczej, 4(98), pp. 5-17.

Castro, A. et al. (2012) “Estimating efficiency in automatic milking
systems,” Journal of Dairy Science, 95, pp. 929-936. Available at:
https://doi.org/10.3168/jds.2010-3912.

Czekata, W. et al. (2017) “The possibility of functioning microbiogas
plant in selected farm,” Journal of Water and Land Development,

35, pp. 19-25. Available at: https://doi.org/10.1515/jwld-2017-
0064.

GUS (2021) Rocznik statystyczny rolnictwa 2020 [Agriculture Statistical
Yearbook 2020]. Warszawa: Gléwny Urzad Statystyczny Rolnic-
twa. Available at: https://stat.gov.pl/obszary-tematyczne/roczni-
ki-statystyczne/roczniki-statystyczne/rocznik-statystyczny-rol-
nictwa-2020,6,14.html (Accessed: August 28, 2022).

Heringstad, B. and Bugten, H.K. (2014) “Genetic evaluations based on
data from automatic milking systems,” ICAR Conference Berlin,
MS3. Available at: https://doi.org/10.13140/2.1.4961.7280.

Lely (2014) Lely dairy equipment. Milk, feeding and barn solutions.
Available at: https://www.lely.com/media/lely-centers-files/bro-
chures/published/lely_dairy_equipment_2014_-_en.pdf (Ac-
cessed: September 16, 2022).

Odor¢i¢, M. et al. (2019) “Review: Milking machine settings, teat
condition and milking efficiency in dairy cows,” Animal, 13,
pp. S94-599. Available at: https://doi.org/10.1017/S1751731119
000417.

PFHBIPM (2019) Ocena i hodowla bydta mlecznego. Dane za rok 2018.
Polska Federacja Hodowcéw Bydla i Producentéw Mleka.
Available at: https://pfhb.pl/fileadmin/user_upload/OCENA/
publikacje/publikacje_2019/biuletyn_2018_calosc_na_www_02.
pdf (Accessed: September 15, 2022).

PFHBiPM (2020) Ocena i hodowla bydla mlecznego. Dane za rok 2019.
Polska Federacja Hodowcow Bydla i Producentéow Mleka.
Available at: https://pthb.pl/fileadmin/user_upload/ OCENA/
publikacje/publikacje_2020/PFHBiPM_RO_Poznan_2020.pdf
(Accessed: September 16, 2022).

PFHBIPM (2021) Ocena i hodowla bydta mlecznego. Dane za rok 2020.
Polska Federacja Hodowcow Bydla i Producentéw Mleka.
Available at: https://pthb.pl/fileadmin/user_upload/ OCENA/
publikacje/publikacje_2021/Wyniki_oceny_za_rok_2020_PFH-
BiPM_Polska.pdf (Accessed: September 16, 2022).

PFHBIPM (2022) Ocena i hodowla bydta mlecznego. Dane za rok 2021.
Polska Federacja Hodowcow Bydla i Producentéw Mleka.
Available at: https://pfhb.pl/fileadmin/user_upload/OCENA/
publikacje/publikacje_2022/wyniki_oceny/Wyniki_oceny_za_r-
ok_2021_PFHBiPM_Polska.pdf (Accessed: September 16,
2022).

Romanijuk, W., Winnicki, S. and Borek, K. (2021) “Robotyzacja doju
krow w wojewodztwie wielkopolskim [Robotization of cow
milking in the Wielkopolska province],” in W. Romaniuk (ed.)
Doskonalenie technologii produkcji rolnej, w tym energii odna-
wialnej, z uwzglednieniem wymagati zréwnowazonego rozwoju
[Improvement of agricultural production technologies, including
renewable energy, taking into account the requirements of
sustainable development], 27. Warszawa-Falenty: ITP-PIB,
pp. 225-235.

Rotz, C.A., Coiner, C.U. and Soder, K.J. (2003) “Automatic milking
systems, farm size, and milk production,” Journal of Dairy
Science, 86, pp. 4167-4177. Available at: https://doi.org/10.3168/
jds.50022-0302(03)74032-6.

Sitkowska, B. et al. (2016) “D¢j ¢wiartkowy w grupie krow pierwiastek
i wielorédek [Quarter milking in a group of primiparous and
multiparous cows],” Roczniki Naukowe Polskiego Towarzystwa
Zootechnicznego, 12(4), pp. 35-48.

Skalska, D. et al. (2013) “Odpornos¢ wybranych aparatéw udojowych
na wahania podcisnienia w instalacji dojarki rurociagowej
[Resistance of the selected milking machines to oscillation of
negative pressure in the pipe milking machine installation],”
Inzynieria Rolnicza, 3(146), 2, pp. 349-359.

Skibko, Z. et al. (2021) “Impact of the wind turbine on the parameters
of the electricity supply to an agricultural farm,” Sustainability,

© 2023. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)


https://doi.org/10.3390/ani12081040
https://doi.org/10.3390/ani12081040
https://doi.org/10.3168/jds.2009-2373
https://doi.org/10.3168/jds.2009-2373
https://doi.org/10.3168/jds.2010-3912
https://doi.org/10.1515/jwld-2017-0064
https://doi.org/10.1515/jwld-2017-0064
https://stat.gov.pl/obszary-tematyczne/roczniki-statystyczne/roczniki-statystyczne/rocznik-statystyczny-rolnictwa-2020,6,14.html
https://stat.gov.pl/obszary-tematyczne/roczniki-statystyczne/roczniki-statystyczne/rocznik-statystyczny-rolnictwa-2020,6,14.html
https://stat.gov.pl/obszary-tematyczne/roczniki-statystyczne/roczniki-statystyczne/rocznik-statystyczny-rolnictwa-2020,6,14.html
https://doi.org/10.13140/2.1.4961.7280
https://www.lely.com/media/lely-centers-files/brochures/published/lely_dairy_equipment_2014_-_en.pdf
https://www.lely.com/media/lely-centers-files/brochures/published/lely_dairy_equipment_2014_-_en.pdf
https://doi.org/10.1017/S1751731119000417
https://doi.org/10.1017/S1751731119000417
https://pfhb.pl/fileadmin/user_upload/OCENA/publikacje/publikacje_2019/biuletyn_2018_calosc_na_www_02.pdf
https://pfhb.pl/fileadmin/user_upload/OCENA/publikacje/publikacje_2019/biuletyn_2018_calosc_na_www_02.pdf
https://pfhb.pl/fileadmin/user_upload/OCENA/publikacje/publikacje_2019/biuletyn_2018_calosc_na_www_02.pdf
https://pfhb.pl/fileadmin/user_upload/OCENA/publikacje/publikacje_2020/PFHBiPM_RO_Poznan_2020.pdf
https://pfhb.pl/fileadmin/user_upload/OCENA/publikacje/publikacje_2020/PFHBiPM_RO_Poznan_2020.pdf
https://pfhb.pl/fileadmin/user_upload/OCENA/publikacje/publikacje_2021/Wyniki_oceny_za_rok_2020_PFHBiPM_Polska.pdf
https://pfhb.pl/fileadmin/user_upload/OCENA/publikacje/publikacje_2021/Wyniki_oceny_za_rok_2020_PFHBiPM_Polska.pdf
https://pfhb.pl/fileadmin/user_upload/OCENA/publikacje/publikacje_2021/Wyniki_oceny_za_rok_2020_PFHBiPM_Polska.pdf
https://pfhb.pl/fileadmin/user_upload/OCENA/publikacje/publikacje_2022/wyniki_oceny/Wyniki_oceny_za_rok_2021_PFHBiPM_Polska.pdf
https://pfhb.pl/fileadmin/user_upload/OCENA/publikacje/publikacje_2022/wyniki_oceny/Wyniki_oceny_za_rok_2021_PFHBiPM_Polska.pdf
https://pfhb.pl/fileadmin/user_upload/OCENA/publikacje/publikacje_2022/wyniki_oceny/Wyniki_oceny_za_rok_2021_PFHBiPM_Polska.pdf
https://doi.org/10.3168/jds.S0022-0302(03)74032-6
https://doi.org/10.3168/jds.S0022-0302(03)74032-6

www.czasopisma.pan.pl P N www.journals.pan.pl

IS

POLSKA AKADEMIA NAUK

Andrzej Borusiewicz, Wactaw Romaniuk, Stanistaw Winnicki, Zbigniew Skibko, Janusz Zarajczyk

129

13(13), pp. 1-15. Available at: https://doi.org/10.3390/su
13137279.

Skibko, Z. et al. (2022) “Electricity supply to irrigation systems for
crops away from urban areas,” Journal of Water and Land
Development, 53, pp. 73-79. Available at: https://doi.org/
10.24425/jwld.2022.140782.

Skibko, Z., Holdynski, G. and Borusiewicz, A. (2022) “Impact of wind
power plant operation on voltage quality parameters — example
from Poland,” Energies, 15, 5573. Available at: https://doi.org/
10.3390/en15155573.

Skopiec, B. (1994) “Zaawansowanie i perspektywy polsko-holenders-
kiego projektu rozwoju prywatnych gospodarstw mlecznych
w gminie Turo$l [Advancement and prospects of the Polish-
Dutch project to develop private dairy farms in the municipality
of Turoél],” Postepy Nauk Rolniczych, 5, pp. 91-101.

Tremblay, M. et al. (2016) “Factors associated with increased milk
production for automatic milking systems,” Journal of Dairy
Science, 99, pp. 3824-3837.

Winnicki, S, Mielcarek, P. and Jugowar, L. (2018) “Robotyzacja doju
kréow w praktyce [Robotization of cow milking in practice],
Wiadomosci Zootechniczne, 56(4), pp. 3-14.

© 2023. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)


https://doi.org/10.3390/su13137279
https://doi.org/10.3390/su13137279
https://doi.org/10.24425/jwld.2022.140782
https://doi.org/10.24425/jwld.2022.140782
https://doi.org/10.3390/en15155573
https://doi.org/10.3390/en15155573

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	PERFORMANCE OF COWS IN HERDS WITH LELY MILKING ROBOTS IN THE PODLASKIE VOIVODESHIP IN 2018–2021
	ANALYSIS OF MILKING ROBOT OPERATION
	MANAGING HERDS OF DIFFERENT SIZES
	Single stall barn (A)
	Cowshed with two milking places (B)
	Cowshed with three milking stalls (C)


	DISCUSSION
	CONCLUSIONS
	REFERENCES

