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ABSTRACT

The objective of this paper was to analyse udder quarter milk yield in automatically milked cows, taking into account
the lactation number, lactation period and season, as well as to determine the share of individual quarters (front and
rear quarters, left and right quarters) in total milk yield during a single milking. The analysis was conducted using
data obtained from one cattle farm with 280 Polish Holstein-Friesian (PHF) cows, milked with 4 VMS milking
robots. The analysed parameters included: milk yield during milking of front quarters (left and right), rear quarters
(left and right), the ratio of front quarter to rear quarter and left to right quarter yields. In the oldest cows, an increase
was observed in udder quarter milk yield in lactations 1-3, followed by a decrease in lactation 4 and then another
increase. Cows in lactations >5 have better milk yield than cows in the 3rd lactation. An average milk yield of
one quarter of the udder for all lactations was 3.81 kg. With higher lactation numbers, there was a decrease in milk
yield for all udder quarters. The reduction in udder quarter milk yield of lactating cows ranged from 1.52 kg (rear
right quarter) to 1.78 kg of milk (rear left quarter) and from 1.59 kg (front right quarter) to 1.70 kg of milk (front
left quarter). No significant differences were observed in the milk yield of individual udder quarters in the spring,
summer and autumn seasons. On the other hand, there was a marked increase in this parameter in the winter months.
With successive lactations, the share of front quarters in total milk yield decreased — from 46.9% in primiparous
cows to 41.2% in cows after >5 lactations. The share of rear quarters in milk yield in turn increased. With every
successive lactation, the disproportion in the milk yield between the front quarters and rear quarters widened. When
it comes to the left and right quarters of the udder, in terms of the factors considered, similar results were observed.
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INTRODUCTION

Milk production in Poland shows a sustained upward
trend. In 2022, 12,381 million litres of raw milk were
delivered to processing plants, which was 2.2% higher
compared to the previous year. At the same time, the de-
cline in the dairy cow population, observable since 2019,
has been reversed. In December 2022, it amounted to
2,037,000 heads and was slightly (by 0.1%) higher than
in 2021 [GUS 2023]. As a result of the concentration of
breeding, the improvement of production technology and
the improvement of dairy cattle genetics, milk yield is
increasing. According to the Polish Federation of Cattle
Breeders and Dairy Farmers [PFHBiPM 2022], in 2022
a statistical cow produced 7425 kg of milk (7015 kg
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the year before), with an average of 9037 kg of milk
(8837kg the year before) obtained from cows under milk
performance assessment, and 6324 kg of milk (5851 kg
the year before) from cows not subject to the assess-
ment [PFHBiPM 2022, PFHBiPM 2023]. The dairy farm
model is also changing. with the number of farms declin-
ing, but average herd size increasing [GUS 2023].

The approach of dairy farmers to milk production has
been changing over the last few decades, with the aim be-
ing to maximise milk yield and simultaneously minimise
the required labour and financial resources. In order to
optimise the milking process and reduce human labour
input, the world’s first milking robot was launched in the
Netherlands in 1992, heralding an era of automatic milk-

@) ev-ne |


https://asp.zut.edu.pl/
https://doi.org/10.21005/asp.2023.22.3.08
https://orcid.org/0000-0002-7524-7417
mailto:bogucki@pbs.edu.pl

Kuropatwinska, I., Bogucki, M. (2023). Determinants of udder quarter milk yield in automatically milked cows. Acta Sci. Pol.

Zootechnica, 22(3), 65—-72. DOI: 10.21005/asp.2023.22.3.08

ing systems (AMS). Automatic milking systems are con-
ducive to the welfare of the animals by allowing them to
freely choose the time spent in the stall around the clock.
The frequency of milking determines the amount of milk
yield. Brzozowski et al. [2020] showed that when chang-
ing from traditional milking to automatic milking, milk
yield from primiparous cows increased by 15%, while the
subsequent lactation showed an increase in milk yield by
a further 9%. AMSs allow monitoring such parameters as
milk flow rate, number of milkings, somatic cell count in
milk, oestrous activity or quarter milking [Carlstrom et
al. 2013, Steeneveld et al. 2015, Tse et al. 2018, Solano
et al. 2022].

The introduction of automatic milking systems has
made it possible to focus on the milking performance of
individual quarters, not just on performance at the level
of individual animals. Milking parameters that are rou-
tinely measured at the quarter level during each milking
with the use of AMS include milk yield, average milk
flow rate and peak milk flow rate [Weaver and Hernandez
2016, Penry et al. 2018]. Quarter milking is undoubt-
edly an important factor for udder health, as it eliminates
overmilking, adjusts milking parameters to the rate and
amount of milk flow, as well as allows quick verification
of the health of individual quarters [Sitkowska et al. 2016,
Zucali et al. 2021].

The amount of milk produced is closely linked to
the anatomical structure and functional characteristics
of the individual quarters of the cow’s udder [Atasever
and Erdem 2009, Pritchard et al. 2010, Szencziova et
al. 2013]. Appropriate udder conformation, in addition
to having an impact on milk yield, including, above all,
milking time, is also important in terms of ensuring ani-
mal health [Kumar et al. 2022]. Breeders who pay par-
ticular attention to that aspect aim to ensure that their
herds consist of cows with evenly distributed yields from
the individual quarters, which is desirable in the case of
mechanical and automatic milking. Previous studies have
also pointed out that differences in milk yield of more
than 10-15% between the front quarters and rear quar-
ters, as well as differences in milking time of more than
1 minute, have a negative impact on milk yield and an-
imal health [Stanktiniené et al. 2008, Kuczaj 2010]. A
detailed analysis of the milk yield of individual udder
quarters of cows subject to automatic milking, taking
into account the frequency of milking, was carried out
in the study by Bogucki [2018]. It was found that during
milking of primiparous and multiparous cows, the front
quarters and rear quarters produced respectively: 45.8%
and 54.2% and 41.8% and 58.2% of milk. Similar results
were shown in an earlier study by SlyZius et al. [2013],
in which about 42% of the total milk yield was obtained
from the front quarters and about 58% from the rear quar-
ters. The relationship between the milk yield of individual
quarters and susceptibility to mastitis was in turn indi-
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cated by Hammer et al. [2012], who observed an increase
in mastitis cases in quarters characterised by the lowest
productivity and milking frequency.

The objective of this paper was to analyse milk
yield of individual udder quarters in automatically milked
cows, taking into account the lactation number, lactation
period and season, as well as to determine the share of
individual quarters (front and rear quarters, left and right
quarters) in total milk yield during a single milking.

MATERIAL AND METHODS

The analysis was conducted on the basis of data ob-
tained from one of the dairy cattle farms in the Kujawsko-
Pomorskie Province. The herd consisted of approxi-
mately 280 cows of the Polish Holstein-Friesian breed,
of the black and white variety. The cows were under milk
performance assessment (method A4) conducted by the
Polish Federation of Cattle Breeders and Dairy Farmers.
The average herd productivity in recent years has been
around 11,000 kg of milk per lactating cow. The cows
were kept in a free-stall, non-bedding barn with mats,
equipped with 4 DeLaval VMS milking robots. The feed
ration (PMR system, NRC feeding standards) consisted
of maize silage, alfalfa silage, grass haylage, brewer’s
grains, soybean, rapeseed, maize and wheat middlings,
mineral and vitamin supplements and pelleted feed avail-
able in the robots and in the feeding station (feeding cows
with this type of feed depended on their current perfor-
mance).

Data was assessed in terms of the following param-
eters (derived from 156,317 full milkings carried out in
2022 for all active quarters), extracted from the herd man-
agement system:

(A) Milk yield (kg) for:

front left quarters (FL),
— front right quarters (FR),
— rear left quarters (RL),
— rear right quarters (RR),

(B) Milk yield ratio (%):

— front quarters to rear quarters,
— left to right quarters.

The following experimental factors were taken into
account in the statistical analysis of the above mentioned
parameters:

— lactation number (1, 2, 3, 4, > 5),

— lactation period (<100, 101-200, 201-300, >300
days),

— season (spring — III, IV, V, summer — VI, VII, VIII,
autumn — IX, X, XI, winter — XII, I, II).

Multivariate ANOVA (GLM procedure) was used in
the statistical processing of the numerical data. Statistical
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significance of differences between the means was tested
using the Scheffe test [SAS 2022].
The following linear model was used:

Yijki = P+ a; + b+ cc+dj + e
where:

Yija — ijkl-th milking,

U — overall average,
a; — fixed effect of i-th lactation number (1, 2, 3, 4,
>5),

bj — fixed effect of the j-th lactation period (<100,
101-200, 201-300, >300 days),

cr — fixed effect of the k-th season (spring, summer,
autumn, winter),

d;  — fixed effect of the [-th quarter of the udder (FL,
FR, RL, RR),

ejjk; — random error of observations.

The share of individual udder quarters (front and rear
quarters, left and right quarters) in the milk yield obtained
during a single milking in terms of the above-mentioned
parameters was also calculated.

RESULTS AND DISCUSSION

Analysing the milk yield obtained during the milking of
individual quarters, an increase in the latter was observed
in lactations 1-3, followed by a decrease in the 4th lac-
tation and another increase in the oldest cows, in the 5th
lactation and onwards (Table 1). In the case of the front
quarters (left and right), there was an increase in the milk
yield in the first three lactations from 2.89 to 3.54 and
from 3.12 to 3.56 kg of milk, followed by a decrease to
3.09 and 3.30 kg of milk and an increase again to 3.28 and
3.63 kg of milk, respectively. The rear quarters (left and
right) were characterised by milk yield of 3.40 to 4.82 and
3.39 to 4.74 kg of milk (lactations 1-3), 4.58 and 4.24 kg
of milk (4th lactation) and 4.87 and 4.99 kg of milk (old-
est cows), respectively. The difference in the performance
of individual quarters in successive lactations was statisti-
cally significant (P < 0.05). It is worth noting that cows in
lactations 5 and onwards produced more milk than cows
in the 3rd lactation. This applied to all udder quarters ex-
cept the front left quarter (FL). In the analysed herd, the
proportion of cows in lactations 4 and 5 has been increas-
ing in the age structure in recent years, which is a sign of
the longevity of the cows, which can better realise their
production potential. This is partly the result of the focus
on animal welfare and health.

The lowest milk yields were observed in udder quar-
ters of primiparous cows. Hopster et al. [2002] emphasise
that the lower performance of primiparous cows is due to
physiological reasons. At the same time, it should be em-
phasised that thanks to the automatic milking system, it is
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possible — due to the higher milking frequency in the case
of this system — to achieve higher milk yield in these cows
in subsequent lactations [Nogalski et al. 2011, Wright et
al. 2013].

The author’s own analyses showed better results than
those obtained by SlyZius et al. [2013]. In a study of a
Lithuanian population of black and white cattle milked
twice per day, it was shown that left and right rear quar-
ters produced 3.42 and 3.47 kg of milk, respectively,
while left and right front quarters — 2.63 and 2.71 kg of
milk per milking.

The results presented in Table 1 show a significantly
higher milk yield of rear quarters, compared to front quar-
ters, which is in line with previous studies [Weiss et al.
2004, Tancin et al. 2006, Penry et al. 2017, Penry et al.
2018, Bogucki 2018, Inzaghi et al. 2021].

Considering all the analysed milkings of individual
quarters (156,317), one quarter produced an average of
3.81 kg of milk per milking. Zucali et al. [2021], in a
study conducted on dairy cattle farms in northern Italy,
equipped with automatic milking systems of different
brands, recorded an average quarter yield of 3.63 kg of
milk per milking.

With higher lactation numbers, there was a significant
(P < 0.05) decrease in milk yield for all udder quarters
(Table 2). At the same time, it was shown to be at a fairly
even level for all quarters. The reduction in udder quar-
ter milk yield (comparing the beginning and end of lac-
tation) ranged from 1.52 kg of milk (rear right quarters)
to 1.78 kg of milk (rear left quarters). In contrast, for the
front quarters, milk yields from both lactation periods de-
creased for the right quarters by 1.59 kg of milk and by
1.70 kg for the left quarters.

Comparing front and rear quarters, it was shown that
the difference in milk yield between those two in suc-
cessive lactation periods averaged between 1.6 kg milk
( <100 and >300 lactation days) and 2.0 kg milk (101-
200 lactation days), and was higher for rear quarters.

In a study by Sitkowska et al. [2014], it was shown
that the stage of lactation determined the performance of
udder front quarters and rear quarters. The authors anal-
ysed individual quarter milkings and observed lower milk
yield disproportion between front quarters and rear quar-
ters, 0.31-0.46 kg (in primiparous cows) and 0.52-0.57
kg (in multiparous cows). The reason may be that the
studied population of cows was characterised by an aver-
age production level during lactation — the average milk
yield per cow for a single full milking ranged from 7 to
10 kg.

When it comes to differences between the seasons,
no significant variation was observed in terms of milk
yield for individual quarters in spring, summer and au-
tumn. However, the mean values were statistically sig-
nificantly different (P < 0.05). In these seasons, the
milk yields of individual udder quarters were respec-
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Table 1. Productivity of individual udder quarters in successive lactations, kg of milk
Quarters FR RL RR
Number of lactation
N LSM SE LSM SE LSM SE LSM SE
1 49192 2.8970d 1.15 3.12% 1.21 3.40% 1.35 3.39%d 1.48
2 49798 3.13%f 1.50 3.36™" 1.52 4.26™% 1.85 4.07*% 1.83
3 29116 3.54bee 1.65 3.56"" 1.68 4.820 2.17 47400 1.99
4 14572 3.09# 1.64 3.30°M 1.84 4.58¢M 2.21 4.24<M 2.10
>5 13639 3.284Mm 1.63 3.63%0 1.57 4.87% 2.09 4.99%i 1.98
b means in columns marked with the same letters differ significantly at P < 0.05.
Table 2. Productivity of individual udder quarters in successive lactations, kg of milk
Quarters FL FR RL RR
Lactation period, days
N LSM SE LSM SE LSM SE LSM SE
<100 50712 3.66™ 1.36 3.80® 1.42 4.60" 1.84 4.48 1.83
101-200 40717 3.56™ 1.38 3.78% 1.39 4,78 1.80 4,59 1.83
201-300 34725 2.90f 1.34 3.14% 1.37 4,04 1.80 3.85Mf 1.77
>300 30163 1.96% 1.16 2.21% 1.32 2.82¢F 1.67 2.96% 1.64
»b¢- means in columns marked with the same letters differ significantly at P < 0.05.
Table3.  Productivity of individual udder quarters by season, kg of milk
Quarters FL FR RL RR
Season
N LSM SE LSM SE LSM SE LSM SE
Spring 40265 3.08" 1.58 3.28" 1.57 4.06™ 2.01 4.00° 1.99
Summer 39578 3.05 1.42 3.29 1.52 4.10™ 1.88 4.01° 1.83
Autumn 36980 3120 1.39 3.32%¢ 1.45 4.16"" 1.84 4.01¢ 1.76
Winter 39494 3.31f 1.48 3.46 1.49 4.38%f 1.95 428" 1.93

»b.c means in columns marked with the same letters differ significantly at P < 0.05.

tively: 3.05-3.12 (FL), 3.28-3.32 (FR), 4.06-4.16 (RL)
and 4.00-4.01 (RR) kg of milk (Table 3). On the other
hand, there was a marked increase in this parameter in
the winter months. In a single milking, an average yield
from the front quarters was 3.31 (left) to 3.46 (right) kg
of milk, and from the rear quarters — 4.28 (right) to 4.38
(left) kg of milk.

The milk yield of the cows depends to a significant
extent on their nutrition. On farms feeding the cows sum-
mer or winter feed depending on the season, it is the
main factor that differentiates animal productivity and the
chemical composition of the milk. In herds, especially
high-yield herds fed a homogeneous ration throughout
the year, other factors, such as humidity and tempera-
ture in the barn may influence cow performance. Imrich
et al. [2021] showed a statistically significant higher per-
formance of cows in the winter period, compared to the
summer period, despite ensuring welfare of the animals.
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A possible reason is that less favourable environmen-
tal conditions, with high temperatures during the sum-
mer months, reduce cow productivity, but also change
the chemical composition of the milk and its cytological
quality. The results of the studies cited above are in line
with the results of the author’s own analysis.

With successive lactations, the share of front quar-
ters in total milk yield decreased — from 46.9% in prim-
iparous cows to 41.2% in cows in lactation 5 and on-
wards (Table 4). The share of rear quarters in milk yield
in turn increased from 53.1 to 58.8%. With every suc-
cessive lactation, the disproportion in the milk yield be-
tween the front quarters and rear quarters widened — from
6.2 p.p. (primiparous cows) to 17.6 p.p. (5th and further
lactations). In an earlier study by Bogucki [2018], among
primiparous cows the share of the front quarters and rear
quarters in daily milk yield was 45.8 and 54.2%, while
in multiparous cows it was 41.8 and 58.2%. The results
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Table 4.

Share of individual udder quarters in milk yield in successive lactations, %

Number of lactation

Share of quarters

Front Rear Left Right
1 46.9 53.1 49.1 50.9
2 43.8 56.2 49.9 50.1
3 42.6 57.4 50.2 49.8
4 42.0 58.0 50.4 49.6
>5 41.2 58.8 49.6 50.4
Table 5. Share of individual udder quarters in milk yield in successive lactation periods, %
Lactation period Share of quarters
(days) Front Rear Left Right
<100 45.1 54.9 49.9 50.1
101-200 43.9 56.1 49.9 50.1
201-300 433 56.7 49.8 50.2
>300 41.9 58.1 48.0 52.0
Table 6.  Share of individual udder quarters in milk yield in individual seasons, %
Share of quarters

Season

Front Rear Left Right
Spring 44.1 55.9 49.5 50.5
Summer 43.7 56.3 49.3 50.7
Autumn 44.1 55.9 49.8 50.2
Winter 43.9 56.1 50.2 49.8

of the author’s own analysis also correspond to those ob-
tained by Kuczaj et al. [2010] and glyiius et al. [2013].

Comparing the share of left and right quarters in
milk yield, showed differences ranking from 0.2 to 1.8%
(Table 4). A similar result — an average of 0.77% — was
obtained in a study conducted on a Lithuanian dairy cattle
farm [Slyzius et al. 2014].

With higher lactation numbers, there was a decrease
in the share of the front quarters in milk yield, from
45.1% to 41.9% (Table 5). The disproportion in milk
yield between the front and rear quarters thus increased,
from 9.8 to 16.2 percentage point. In the case of auto-
matic milking systems, it is possible to achieve longer
milking times, while conventional milking increases the
risk of overmilking.

Comparing the share of left and right quarters in milk
yield in the first three lactation periods showed minimal
(up to 1.0 p.p.) variation in favour of the right quarters. A
higher difference was found in cows at the end of lacta-
tion period, where the proportion of milk yield was 48.0
and 52.0% (for left and right quarters respectively).
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In terms of individual seasons, the difference in
milk yield between front and rear quarters ranged from
11.8 p.p. in spring and autumn, through 12.2 p.p. in win-
ter, to 12.6 p.p. in summer (Table 6).

However, comparing the left and right halves of the
udder showed similar performance. The most balanced
values were observed in the autumn and winter months
(0.4 p.p.), followed by spring (1.0 p.p.) and summer
(1.4 p.p.).

CONCLUSIONS

In the oldest cows, an increase was observed in udder
quarter milk yield in lactations 1-3, followed by a de-
crease in lactation 4 and then another increase. Cows in
the 5th lactation onwards have better milk yield than cows
in the 3rd lactation. An average milk yield of one quarter
of the udder for all lactations was 3.81 kg. With higher
lactation numbers, there was a decrease in milk yield for
all udder quarters. The reduction in udder quarter milk
yield of lactating cows ranged from 1.52 kg (rear right
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quarters) to 1.78 kg of milk (rear left quarters) and from
1.59 kg (front right quarters) to 1.70 kg of milk (front left
quarters). The milk yield of the individual udder quar-
ters showed a clear increase only in the winter season,
while there was little variation in the other seasons. With
successive lactations, the share of front quarters in total
milk yield decreased — from 46.9% in primiparous cows
to 41.2% in cows in the 5th lactation onwards. The share
of rear quarters in milk yield in turn increased. With every
successive lactation, the disproportion in the milk yield
between the front quarters and rear quarters widened.
However, in terms of the parameters taken into account,
no difference was found in the milk yield between the left
and right halves of the udder.
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UWARUNKOWANIA PRODUKCYJNOSCI CWIARTEK WYMION KROW DOJONYCH AUTOMATYCZNIE

STRESZCZENIE

Celem pracy byta analiza wydajnosci mlecznej ¢wiartek gruczotu mlecznego kréw dojonych automatycznie, z uwz-
glednieniem numeru laktacji, okresu laktacji i pory roku, jak réwniez okreslenie udziatu poszczeg6lnych ¢wiartek
(przednich i tylnych, lewych i prawych) w produkcji mleka ogétem w czasie pojedynczego doju. Analizy przepro-
wadzono na podstawie danych pozyskanych z jednej z ferm bydta, w ktdrej utrzymywano 280 kréw rasy PHF,
dojonych 4 robotami VMS. Analizowano: wydajno$¢ w czasie doju ¢éwiartek przednich lewych i prawych, tyl-
nych lewych i prawych, stosunek wydajnosci ¢wiartek przednich do tylnych i lewych do prawych. Odnotowano
wzrost produkcyjnosci ¢wiartek wymion w laktacjach 1-3, nastgpnie obnizenie w 4 i ponowny wzrost u kréw naj-
starszych. Krowy bedace w laktacjach >5 produkowaly wigcej mleka niz krowy w 3 laktacji. Biorac pod uwage
wszystkie doje jedna ¢wiartka produkowata Srednio 3,81 kg mleka. Wraz z zaawansowaniem laktacji odnotowano
spadek mlecznosci wszystkich ¢wiartek wymienia. Obnizenie mlecznosci ¢wiartek gruczotu mlecznego kréow w lak-
tacji wyniosto od 1,52 kg (tylne prawe) do 1,78 kg mleka (tylne lewe) i od 1,59 kg (przednie prawe) do 1,70 kg
mleka (przednie lewe). Produkcyjnos$¢ poszczegdlnych ¢wiartek wiosna, latem i jesienia byta mato zréznicowana.
W miesiacach zimowych odnotowano natomiast wyrazny jej wzrost. Wraz z kolejnymi laktacjami zmniejszat si¢
udziat ¢wiartek przednich w catkowitej produkcji mleka - z 46,9% u pierwiastek do 41,2% u kréw >5 laktacji.
Udzial ¢wiartek tylnych w produkcji mleka tym samym wzrastal. Wraz z kolejna laktacja i jej zaawansowaniem
poglebiata si¢ dysproporcja w produkcyjnosci éwiartek przednich i tylnych. Poréwnujac lewa i prawa potowe
wymienia w obregbie uwzglednionych czynnikéw wykazano podobne ich wydajnosci.

Stowa kluczowe: krowy, mleko, gruczot mleczny, ¢wiartka, produkcja mleka
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