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Abstract

The aim of the study was to analyse daily milk yield from udder quarters of automatically milked
primiparous and multiparous cows during lactation and with changing milking frequency. The daily milk yield
of udder quarters was higher in multiparous than in primiparous cows. At the same time, differences were
observed, especially in front and rear quarters, and also in left and right quarters. The front quarters (LF and
RF) of primiparous cows produced an average of 6.75 and 6.71 kg milk, and those of multiparous cows by
0.78 and 0.51 kg milk more, respectively. Higher daily milk yield was characteristic of rear quarters: 8.22 kg
(left) and 7.71 kg (right) in primiparous cows, and 10.06 and 10.47 kg in multiparous cows, respectively. With
advancing lactation (from <100 to >300 days), the milk yield of all quarters was found to decrease. The
lowest decrease was in left front quarters (by 3.40 kg) and the highest in right rear quarters (by 4.35 kg). This
relationship was most evident in cows entering lactation (in the first lactation period of €100 days). As milking
frequency increased, the milk yield of individual quarters increased markedly. In front quarters, left and right
quarters showed similar milk yields for milking frequency of less than 2.50 times/day and more than 2.80
times/day. A similar relationship was observed for rear quarters. The contribution of front and rear quarters to
daily production was 45.8-54.2% in primiparous cows and 41.8-58.2% in multiparous cows.
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Introduction

The use of modern technology in cattle breeding, especially that related to milk collection, provides
access to current information about animals and milk parameters. It allows for rapid diagnosis of the early
stages of mastitis, and detailed analysis of changes in milk composition and in milk production from different
guarters. This information helps to implement effective dairy herd management strategies and makes for
accurate selection decisions aiming to improve udder conformation (elimination of cows with divergent milk
yields), which is particularly important in the context of preventing costly mastitis cases (Atasever & Erdem,
2009; Forsback et al., 2010; Jedrus, 2013). The quantity and quality of milk produced depend directly on
udder health (Pritchard et al., 2010; Szencziova et al., 2013). Udder health is influenced by morphological
characteristics and physiological traits of the udder (Weiss et al., 2004; Tilki et al., 2005; Tancin et al.,
2007b). For machine milking, the most appropriate udders are those with evenly developed quarters
(Berglund et al., 2007; Tancin et al., 2007a). Bach & Busto (2005), Berglund et al. (2007), Forsback et al.
(2011) and Haghkhah et al. (2011) maintain that proper development of udder quarters is crucial to
improving milk production efficiency in the cows. Stanklniené et al. (2008) showed that differences of more
than 10-15% in milk yield between front and rear udders and of more than one minute in milking duration
have a negative effect on udder productivity and health.

According to Kuczaj (2010), productivity of front and rear quarters in cows highly suitable for machine
milking should constitute 42% and 58% of the total amount of milk produced, respectively. An earlier study
by Weiss et al. (2004) cited the results of research showing that front quarters produce 39.4%, and rear
udders 60.6% of the milk drawn from the cow’s mammary gland. Tancin et al. (2007b), who investigated
differences in the milk yield of individual mammary quarters, showed that the right front quarters produced
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22.04%, left front quarters 22.23%, right rear quarters 28.24% and left rear quarters 27.49% of the cow’s
total milk output.

In view of the continuously increasing milk production potential of cows and the increasingly advanced
milk collection technologies, it is important to continually monitor the physiological adaptation of the cows to
new milking conditions by monitoring its parameters, including quarter milking (Sandrucci et al., 2007).

Therefore, the present study analysed the milk yield of individual udder quarters in an innovative
automatic milking system, in comparison with pipeline milking or parlour milking. The automatic milking
system is operational 24 hours a day, 7 days a week, which allows the time available for milking to be used
for observation of the herd and improvement of all factors required to increase farm profitability. Milking
robots make herd management flexible by giving freedom to organize the day, without the need for fixed
milking hours. A voluntary milking system causes differences in cow milking frequency per day, which has
been accounted for in the analyses. It is worth noting that scientific publications increasingly often bring up
the relationship between ‘live organisms’ (animals) and ‘advanced technology’ (automation of livestock
production).

The aim of the study was to analyse daily milk yield from udder quarters of automatically milked
primiparous and multiparous cows during lactation and with changing milking frequency.

Materials and Methods

The data used in the present study originated from a database on automatic quarter milking of 160
Polish Holstein-Friesian cows. The herd had an average yield of 9 400 kg milk containing 3.31% protein and
3.79% fat. The statistical analyses of the data accounted for 60 513 daily milking records (number of cows
milked on a given day x 365 days). With a herd milking frequency of around 2.60 times per day, information
was obtained from almost 160 000 milkings.

Cows were kept in a single free-stall barn, without litter, with slatted floor and cubicles bedded with
mattresses; they were fed PMR (partly mixed ration) diets and concentrates at a level to meet maintenance
and production requirements. The concentrate, which consisted of maize, soybean meal, rapeseed meal,
triticale and mineral-vitamin mixture, was fed in the milking robots. Cows were milked by three automatic
milking units.

The data acquired from the herd management system were used to calculate mean daily yield of
udder quarters — left front (LF), right front (RF), left rear (LR), and right rear (RR) (kg milk) — and to classify
the cows according to:

- Age (primiparous cows, multiparous cows)
- Lactation period (100, 101-200, 201-300, >300 days)
- Milking frequency (£2.50, 2.51-2.80, >2.80 times per day)

The relationships of age of cows, lactation period and milking frequency with daily milk yield of udder
guarters were calculated. In addition, the effect of age of cows x lactation period and age of cows x milking
frequency interactions on daily production of udder quarters was determined.

The data were statistically analysed using the GLM procedure of multivariate analysis of variance.
Significant differences between the means were determined with the Scheffe test (SAS, 2014).

The following linear model was used:

Yik =+ ai+ b+ e+ di+ (@axb)y+ (@x Ci + e

where: Y — ijkI-th milking,
p — overall mean,
a; — fixed effect of i-th age of cows (primiparous, multiparous),
b; — fixed effect of j-th lactation period (<100, 101-200, 201-300, >300 days),
¢k — fixed effect of k-th milking frequency (£2.50, 2.51-2.80, >2.80),
d; — fixed effect of I-th udder quarter (LF, RF, LR, RR),
(a x b)j — interaction of cow age with lactation period,
(a x c)i — interaction of cow age with milking frequency, and
ejji — random error of observation.

Percent differences between individual udder quarters, front and rear quarters, and right and left
quarters in daily milk production of primiparous and multiparous cows were also calculated. Furthermore,
differences in daily milk yield between front and rear quarters, and between right and left quarters were also
determined.
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Results and Discussion

Analysis of the daily milk yield of mammary quarters in primiparous and multiparous cows revealed
significantly higher productivity in older cows (Table 1). At the same time, differences were observed
especially in front and rear quarters, but also in left and right quarters. Front quarters (LF and RF) produced
significantly less milk in primiparous compared with multiparous cows, by 0.78 and 0.51 kg, respectively. The
rear quarters were characterized by higher yield compared with the front quarters.

Higher milk yield was characteristic of rear quarters: 8.22 kg (left rear) and 7.71 kg (right rear) in
primiparous cows, and 10.06 and 10.47 kg in multiparous cows, respectively. The difference in daily milk
yield was 1.84 kg for multiparous cows and as much as 2.76 kg for multiparous cows (P <0.01).

Table 1 Daily milk yield of udder quarters in primiparous and multiparous cows

Daily milk yield of udder quarters (milk, kg)

Cows Front left Front right Rear left Rear right

N LSM SE N LSM SE N LSM SE N LSM SE

Primiparous 33436 6.75" 256 32576 6.71% 263 32530 8.22% 332 32094 7.71% 3.11
Multiparous 27077 7.53" 3.82 28198 7.22% 3.66 27745 10.06" 4.77 27686 10.47" 4.49

N: number of cows; LSM: linear mean square; SE: standard error
A: means in columns with the same superscript differ significantly at P <0.01

The results of the current analyses correspond with the findings of SlyZius et al. (2013), who
investigated the Lithuanian population of Black-and-White cattle and showed that left rear and right rear
quarters produced 3.42 and 3.47 kg milk compared with 2.63 and 2.71 kg milk per milking in left front and
right front quarters. The herd was milked twice daily.

The production level in front and rear quarters was fairly uniform for both primiparous and multiparous
cows. With advancing lactation (from <100 to >300 days), the milk yield of all mammary quarters was found
to decrease significantly (P <0.01) (Table 2). The lowest decrease was in left front quarters (by 3.40 kg from
8.61 to 5.21 kg) and the highest in right rear quarters (by 4.35 kg from 11.00 to 6.65 kg). Analysis of front and
rear quarters separately showed that the milk production of left and right quarters was consistent in
successive lactation periods. This relationship was most evident in cows entering lactation (in the first
lactation period <100 days). With regard to the front quarters, left quarters produced 8.61 kg milk and right
quarters 8.67 kg milk per day on average. The same milk production (11.00 kg/day) was observed for the
rear quarters. In this case, the lack of differences in production level between left and right quarters persisted
in the second lactation period (101-200 days) at 9.95 and 9.96 kg milk/day, respectively.

Table 2 Daily milk yield of cow udders in successive lactation periods

Daily milk yield of udder quarters (milk, kg)

Lactation

periods Front left Front right Rear left Rear right

days

(days) N LSM  SE N LSM  SE N LSM SE N LSM SE
<100 14698 8.61°%¢ 3.36 14702 8.67"%C 3.24 14549 11.00°°¢ 4.38 14749 11.00°®¢ 4.19
101-200 15683 7.90"F 3.15 15964 7.63"°F 297 15562 9.95°°F 4.08 15724 9.96"%F 3.01
201-300 14203 6.77°°F 277 14278 6.46°°F 270 14096 8.60°°F 3.63 14055 8.32°°F 3.40
>300 15929 5.21°6F 238 15830 5.09°5F 247 16068 6.83°5F 3.23 15252 6.65°5F  3.19

N: number of cows; LSM: linear mean square; SE: standard error
A, B, C, D, E, F: means in columns with the same superscript differ significantly at P <0.01
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As milking frequency increased, the milk yield of individual quarters rose (P <0.01) markedly (Table 3).
In the front quarters, both left and right quarters showed similar milk yields for milking frequency of fewer
than 2.50 times/day and more than 2.80 times/day. The left front quarters produced 6.23 and 7.89 kg
milk/day compared with 6.27 and 7.93 kg for the right front quarters, respectively. A similar relationship was
observed for rear quarters, but here the differences were slightly greater. They were 0.10 kg milk/day for
milking frequency of fewer than 2.50 times/day and 0.12 kg milk/day for the highest milking frequency.
Despite the lower production of front compared with rear quarters, the difference between the left and right
quarters was similar at 0.43 kg (front quarters) and 0.41 kg (rear quarters).

Table 3 Daily milk yield of cow udder quarters depending on milking frequency

Daily milk yield of udder quarters (milk, kg)

xlelth(lune%cy Front left Front right Rear left Rear right

N LSM SE N LSM SE N LSM  SE N LSM  SE
<2.50 20504 6.23"® 297 21113 627" 291 20962 7.82"® 3.86 20493 8.04" 4.03
2.51-2.80 26572 7.37°° 2091 25399 6.94°° 2.89 25078 9.20°° 3.97 26026 8.88°° 3.70
>2.80 13437 7.89%¢ 3.77 14232 7.93%¢ 3.67 13335 10.56°C 4.40 13261 10.66°¢ 4.25

N: number of cows; LSM: linear mean square; SE: standard error
A, B, C: means in columns with the same superscript differ significantly at P <0.01

In the next lactation periods, statistically significant (P <0.01) differences in the milk yield of mammary
guarters were found between primiparous and multiparous cows (Table 4). Up to 200 days of lactation, the
yield of individual quarters was markedly higher in multiparous compared with primiparous cows. In the first
period of lactation, front quarters of primiparous cows produced 7.67—7.84 kg milk/day compared with 9.28—
9.30 kg in multiparous cows. The corresponding figures in the second period of lactation were 7.51-7.72 and
7.74-8.08 kg milk/day. An analogous situation existed, with a higher production level, for the rear quarters.
Starting from the third period of lactation (201-300 days), quarter yields were higher in primiparous cows.
Their front and rear quarters produced 6.91-7.16 and 8.71-8.81 kg milk/day (201-300 days of lactation) and
5.48-5.56 and 7.04-7.22 kg milk/day (>300 days of lactation), respectively. In multiparous cows, the
respective quarter yields were 5.88-6.24 and 7.93-8.46, as well as 3.86-4.40 and 5.82-6.51 kg milk per
day.

Table 4 Daily milk yield of udder quarters in primiparous and multiparous cows in successive lactation
periods

Daily milk yield of udder quarters (milk, kg)

Lactation
periods Cows Front left Front right Rear left Rear right
(days) N LSM SE N LSM SE N LSM SE N LSM SE
<100 Primiparous 5565  7.84" 249 5531 7.67" 245 5530 857" 331 5619 858" 2095
Multiparous 9133 930" 362 9171 928" 350 9019 12.53% 428 9130 12.49% 4.14
101200 Primiparous 7772 7.72° 243 7672 751° 255 7548  895° 334 7481 861° 2093
Multiparous 7911 8.08° 371 8292 7.74° 331 8014 10.88° 447 8243 11.19° 4.26
201300 Primiparous 8192  7.16° 231 7949 691 253 7902 871° 338 7798 8.81° 3.02
Multiparous 3011 6.24° 322 6329 588° 280 6194 846° 393 6257 7.93° 384
300 Primiparous 11907 5.48° 232 11424 556° 240 11550 7.22° 3.03 11196 7.04° 2098

Multiparous 4022  4.40° 240 4406 3.86° 221 4518 582° 348 4056 6.51° 3.66

N: number of cows; LSM: linear mean square; SE: standard error
A, B, C, D: means in columns with the same superscript differ significantly at P <0.01
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Comparisons of the milk production of quarters in primiparous and multiparous cows in successive
lactation periods showed that it gradually decreased. In the youngest cows, the yield of left front quarters
decreased by 2.36 kg/day (from 7.84 to 5.48), and that of right front quarters by 2.11 kg/day (from 7.67 to
5.56). In multiparous cows, milk yield from quarters showed a more rapid decline with advancing lactation. It
decreased by 4.90 kg/day for left front quarters, and by 5.42 kg/day for right front quarters. A similar situation
occurred in these cows for rear quarters, but the decrease in milk yield was 6.71 kg (left) and 5.98 kg
milk/day (right). Such regular relationships were not observed when analysing the daily yield of rear quarters
in the primiparous cows. Daily milk production of rear quarters increased from 8.57 kg (<100 days of
lactation) to 8.95 kg (101-200 days of lactation), but then decreased in successive lactation periods. In turn,
milk production of right rear quarters increased from the beginning of lactation to the third period of lactation
(from 8.58 kg to 8.81 kg), and decreased in the last period of lactation (to 7.04 kg milk/day).

In a study by Sitkowska et al. (2014), lactation stage caused differences in the milk yield of front and
rear quarters. The authors analysed individual quarter milkings and observed small disparities between the
milk yield of front and rear quarters, namely 0.31-0.46 kg in primiparous cows and 0.52-0.57 kg in
multiparous cows. This could be because the analysed population of cows was characterized by an average
production level. The mean yield per single milking was 7—10 kg of milk.

The results given in Table 5 show differences in the milk production of udder quarters between
primiparous and multiparous cows within classes of milking frequency per day (P <0.01). For the lowest
number of milkings per day (£2.50 times), the milk production of front quarters was higher in primiparous
cows, namely 6.37 and 6.29 kg (left and right) compared with 6.03 and 6.28 kg in multiparous cows.
Statistically significant differences occurred only for left front quarters. In the other two milking frequency
classes, higher milk yield of quarters, especially for the highest number of milkings per day, was noted in
multiparous cows.

Table 5 Daily milk yield of udder quarters in primiparous and multiparous cows in successive classes of
milking frequency

Daily milk yield of udder quarters (milk, kg)

xlelglune%cy Cows Front left Front right Rear left Rear right
N LSM SE N LSM SE N LSM SE N LSM SE
50 Primiparous 12160 6.37" 250 11695 6.29 239 11729 7.34* 311 11448 7.21* 3.07
Multiparous 8344  6.03" 354 9418 628 3.46 9233 843" 456 9045  9.09" 477
251280 Primiparous 16178 6.94° 243 15659 692 281 15917 873° 349 15674 7.88° 3.14
Multiparous ~ 10394 8.02° 342 9740 696 3.01 10061 10.18° 4.48 10352 10.40° 3.96
2280 Primiparous ~ 5098  7.02° 294 5222 7.00° 247 4884  863° 279 4972  829° 296

Multiparous 8339 843° 411 9040 847° 411 8451 11.68° 476 8289 12.08° 4.28

N: number of cows; LSM: linear mean square; SE: standard error
A, B, C: means in columns with the same superscript differ significantly at P <0.01

Hopster et al. (2002) stated that the lower milk yield in primiparous cows is determined physiologically.
At the same time, owing to the higher milking frequency in the automatic milking system, these cows are able
to show higher milking yields in subsequent lactations (Nogalski et al., 2011; Wright et al., 2013).

Slightly different relationships were characteristic of the milk yield of rear quarters in primiparous and
multiparous cows along with the changing milking frequency during the day. Regardless of the number of
milkings, both the left rear and right rear quarters in multiparous cows produced more milk per day compared
with primiparous cows. These disparities increased with the growing number of milkings per day. The milk
production of left rear quarters in multiparous compared with primiparous cows in the consecutive milking
frequency classes was higher by 1.09, 1.45 and 3.05 kg milk per day, while in right rear quarters by 1.88,
2.52 and 3.79 kg milk per day, respectively.

The contribution of front and rear quarters to daily production was 45.8-54.2% in primiparous cows
and 41.8-58.2% in multiparous cows (Table 6).

These findings are consistent with earlier studies, and the results obtained by multiparous cows reflect
their high suitability for machine milking (Tangin et al., 2007b; Kuczaj, 2010; SlyZius et al., 2013). The
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percentage difference in daily milk production of front and rear quarters was 18.35 for primiparous cows and
39.18% for multiparous cows; the values for left and right quarters were 3.10 and 0.60%, respectively. The
differences in the daily milk production of front and rear quarters are higher, especially for multiparous cows,
than those reported by Stankdniené et al. (2008). Earlier research confirms, however, that rear quarters
produce considerably more milk than front quarters, and are characterized by longer milking time, higher
production peak and higher mean milk flow intensity (Tancin et al., 2006).

Table 6 Differences in the contribution of udder quarters to daily milk production

Cows Contribution of udder quarters to daily milk production (%)
Primiparous Individual 22.97 22.83 27.97 26.23
Multiparous (FL+FR/RL+RR) 21.34 20.46 28.52 29.68
Primiparous Eront/Rear 45.80 54.20
Multiparous (FL+FR/RL+RR) 41.80 58.20
Primiparous Left/Right 50.94 49.06
Multiparous (FL+FR/RL+RR) 49.86 50.14
% difference in daily milk yield of front and rear / left and right quarters
Primiparous 18.35/3.10
Multiparous 39.18/0.60

Conclusions

The differences between the milk production of front and rear udder quarters, and also between left
and right quarters, are determined by various factors, such as age of cows, lactation period, and milking
frequency. Account should also be taken of the cows’ individual characteristics, anatomy, and physiological
efficiency of the udders, which makes each udder quarter differ in the amount of milk produced and milking
speed. The practical application of automatic milk collection (milking robots, technologically advanced
milking parlours) enables the quarter milking parameters to be monitored closely.
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