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Abstract

The study was conducted on 229 dairy cows in Lithuania. Delaval milking robots were used for cows’
milking. Milk yield (kg), milking duration (min), milk flow (kg/min), peak flow rates (kg/min) by cow
lactation in separate udder quarters were analyzed. The statistical analysis of the research data was
performed using the data collection and analysis program package Statistical Package for Social Sci-
ence 22 for Windows, Kolmogorov-Smirnov test and One-Factor Dispersion Analysis (ANOVA) model.
Distribution of the udder quarters is very important in the cow milking process. Milk yield from cow
front udder quarters was about 4.6 kg (42.2 %) and from rear udder quarters 6.32 kg (57.8 %) (P<0.05).
The milk content in front quarters was significantly lower than in the rear udder quarters in all dairy
cows (P<0.05). Cows of the first lactation showed lower milk production per milking in all udder quarters
when compared to other lactation cows (P<0.05). The duration of milking of cows in third and more
lactation in front quarters was shorter than that of the first lactation cows (P<0.005). Along the in-
crease in the number of cows’ lactations, the milking time in the front quarters decreased. The average
milk flow and the peak flow in the first lactation cows were found to be lower than that in older cows
(P<0.05)
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Introduction

The health of the cow herd and the quality of
milk depends not only on proper hygiene, but also
on the choice of milking equipment. Milking robots
were developed in order to improve farmer daily
routine by reducing labour use and improving cow
welfare (Pastell et al, 2006; Kaihilahti et al,

2007; Jacobs and Siegford, 2012; Castro et al,
2012). An automatic milking system (AMS) allows
each cow to be milked at an individual basis and in a
place from which the animal can see its herd, which
reduces the milking-related stress (Sitkowska et
al, 2015). The evaluation of the milking process is
necessary to describe the interactions between the
milking machine, the milker and the dairy cow. It is
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also related to the efficiency of milking and to the
state of udder health. Study of milk flow during the
milking provides a useful information for enhancing
the efficiency of the milking process and protecting
udder health (Sandrucci et al, 2007). A more effi-
cient control system is the fully automated milking,
that provides the possibility of milking each udder
quarter separately taking into consideration milk
yield and milk flow, as well as measuring and reg-
istering data at quarter level at each milking (Ber-
glund et al, 2007). This milking system requires a
single quarter based milk flow data due to consid-
erable differences in milk yield and milk flow among
quarters (Tancin et al, 2006). Quarter milk flow
parameters could be useful information for auto-
mated monitoring of health problems (Schukken
et al, 2003; Tancin et al, 2003). Many studies es-
tablished that milk yield increases with increasing
the lactation number (Vijayakumar, 2017; Arbel
et al, 2001), whereby the analysed milking traits
came from separate udder quarters (Tancin et al,
2006). However, there were no studies focused on de-
termining the relationship among cows’ lactation and
milking traits from each quarter. The aim of our study
was to analyse milking traits in individual quarters of
the udder depending on the cow lactation number.

Materials and methods

The study was conducted on 229 dairy cows in
2016. Cows were milked with four DelLaval milking
robots. The analysed parameters were determined
during the milking process at the DelPro herd man-
agement program. Cows were milked on average
2.9 times a day. During 30 days, following parame-
ters were analysed: milk yield (kg), milking duration
(min), milk electrical conductivity mS/cm, milk flow
(kg/min), peak flow rates (kg/min) by cow lactation
in LF (left front), LR (left rear), RF (right front) and
RR (right rear) udder quarters.

The statistical analysis of the research data
was performed using the data collection and the
analysis program package SPSS 22.0 (Statistical
Package for Social Science 22 for Windows). Using
the Kolmogorov-Smirnov test the assumption of
the continuity of the variables was verified.

The effect of lactation on characteristics under
investigation (Yi) was evaluated by the One-Factor

Dispersion Analysis (ANOVA) model Yi = p + Lacta-
tion + e.

Differences between lactations were estimated
by the post hoc Fisher LSD criterion. Since a sta-
tistically significant effect of lactation was found
in all investigated traits, the differences between
the quarters were evaluated separately for each
lactation. For the quarterly differences we calculat-
ed the average values of the attributes and their
errors and compared those using the Student’s test
for dependent samples. Differences are statistically
significant when P<0.05. We evaluated the correla-
tion coefficients of the Pearson linear correlation
between different quarters. The linear regression
model Yi = p + Y+ Y, Y ey, evaluated how the
property investigated for one quarter depended on
the same characteristics of the remaining quarters
(Yi, YJ, Y, Y, 1 -4 quarters of the investigative at-
tributes).

Results and discussion

Distribution of the udder quarters is very im-
portant in the cow milking process. The ejection of
milk from the separate udder quarters is present-
ed in Figure 1. Milk yield from the cow front udder
quarters was about 4.6 kg (42.2 %) and from rear
udder quarters 6.32 kg (57.8 %) (P<0.05). SlyZius
etal.(2014)and Weiss et al. (2004) found that front
quarters produced about 40.0 % and rear quarters
about 60.0 % of the total milk yield (P<0.001) while
Tancin et al. (2006) estimated RF and LF quarters
produced 22.04 % and 22.23 % of the total milk,
whereas RR and LR quarters produced 28.24 % and
27.49 %. Milk yield from the right front quarter was
1.8 % or 0.2 kg more compared with yield from the
left front quarter (P<0.05). As described by other
authors (Ipema et al, 2008; Antalik et al, 2010)
the total milk yield significantly differed between all
four quarters within an udder. It depends from what
part of the quarters (front or rear) milk is produced
(Tancin et al, 2006) as well as the health status of
dairy cows. Usually, it is the highest in the RR quar-
ter and lowest in the LF quarter. Our results are
consistent with findings that the highest milk yield
was determined in the RR quarter of the first and
the second lactation cows and the lowest in the LF
quarters of all lactation cows. SlyZius et al. (2014)



obtained on the average 16.78 % more milk from
the rear udder quarters than from the front udder
quarters (P<0.001). The difference between milk
yield from the right side quarters and the left side
quarters was determined 0.77 % (P<0.001). The
most milk was produced from the rear right quarter
(29.79 %) while the least milk was produced from
the right front udder quarter (20.59 %) (SlyZius et
al, 2074). Tancin et al. (2007b) estimated a mini-
mum difference of milk yield between the front and
the rear quarters of the udder. About 47 % of the
total milk yield came from the front quarters and
53 % from the rear quarters. Other researchers
(Bach and Busto, 2005; Berglund et al, 2007)
found a 20 % higher milk yield from the rear quar-
ters than from the front quarters.

The amount of cows milk in different udder
quarters depending on lactation is presented in Ta-
ble 1.

FIGURE 1. Distribution of milk yield in separate udder quarters, %

TABLE 1. Distribution of the total milk yield in the udder quarters of different lactation cows’

Number of cows

Milk yield from udder quarters

Lactation

LF RF LR RR
1 78 2.12+0.05%* |2.17+005** |2.63+006%* |2.68+0.06%*
2 67 235+006%8 |2.47+0.08%F |328+0.07%8 |329+0.10%B
3t and more 84 2.18+0.05%* 24640058 |330+0.068 |3.28+0.06%F

a, b, c - means in the row with different superscripts differed significantly (P<0.05)
A, B - means in the column with different superscripts differed significantly (P<0.05)

Milk content in front quarters was significant-
ly lower than in rear udder quarters in dairy cows
(P<0.05). The milk yield from the first lactation cows
in the RR quarter was only 0.56 kg more than in LF
and 0.51 kg more than in RF quarters (P <0.05). More
milk yield from all four quarters was observed in the
second lactation dairy cows. The highest increase of
milk (0.65 kg) compared with the first lactation cows
was found in LR quarter, while the low increase
(0.23 kg) was determined in the LF quarter. Most of
the milk in the second lactation cows produced RR
quarter, i.e. 0.94 kg more than LF quarter (P<0.05).
The milk content of first lactation cows in the sepa-
rate quarters was significantly lower (P<0.05) com-
pared to the second and third lactation cows, except
the third and more lactating cows’ LF quarter, and
from LR quarter these lactations cows 0.67 kg milk
more compared to the first lactation cows (P<0.05).
Many researchers found a relationship between the
cow lactation and the milk yield. Vijayakumar et
al. (2017) found a significant relationship between

the milk yield and the lactation number (P<0.001),
with the maximum milk yield occurring in the third
lactation cows. There was a significant relationship
between the first and the second lactation and milk
yield, whereas the maximum milk yield was obtained
in the fourth lactation. The milk yield increased grad-
ually from 1 to 3 lactation cows. Cows with more
than third lactation exhibited the tendency for the
total milk yield to decrease. Rey et al. (1992) report-
ed the total milk yield increase in cows as lactation
number from calving increased, but they found a de-
creasing rate with the lactation number. The highest
milk yield was reached by the dairy cows in the third
lactation (8.91+2.83 kg) and the lowest average
total milk yield was detected in the group of dairy
cows in the first lactation (7.03+1.44 kg). The total
milk yield as well as the total milking duration signif-
icantly differed between all four quarters within an
udder (Antalik et al, 2010; Strapak et al, 2009).
The duration of milking of different lactation
cows is given in Table 2. Milking duration of the first
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lactation cows' LF and RF udder quarters was re-
spectively 0.18 min and 0. 38 min longer compared
with the milking time of third and more lactating
cows (P<0.05).

The milking time of the second lactation cows
in LR quarter was 0.34 min. longer than in RF ud-
der quarter (P<0.05). Milking time of all lactations in
the front quarters was significantly shorter than in
the rear quarters (P<0.05). Sitkowska et al. (2015)
found a positive relationship between the milking
duration and the milk yield, but a highly negative re-
lationship was found between the milking duration
and the milking speed. Weiss et al. (2004) found
the milking time was 1.1 min longer and the milking
speed was 0.13 kg/min higher in the rear quarters of
the cow’s udder than in the front quarters. Tancin et
al. (2007a) showed that the difference in the milking
time between the rear and the front quarters of the

TABLE 2. Milking duration of different lactation cows

udder was 0.6 min, and the difference of the milk-
ing speed was 0.14 kg/min. As reported by Lee and
Choudhary (2006), milking duration is negatively
correlated with milking speed. The results of Ipema
et al. (2008) showed that the milking duration was
the longest in the left rear quarters and the short-
est in the left front quarters. The mean milk yield
and milking duration per quarter per milking were,
respectively, 410 kg and 5.73 min. Rear quarters
had significantly shorter milking duration than front
quarters; this corresponds somewhat with the differ-
ences in milk yield (Ipema et al, 2008). Analysis of
all experimental cows' results showed front quarters
milking time was on average 1.08 min lower than of
rear udder quarters (P<0.05). The shortest milking
time was established in LF quarter (2.36 min) and
the longest in LR udder quarter (3.25 min) (P<0.05).

Lactation number Number of Milking duration of udder quarters, min
cows LF RF LR RR
1 78 2.54+006%* |3.02+007%* |321+0.07° 3.18+0.06°
2 67 2.43+0.06* 2.45+0.07? 3.19+0.07° 3.17+0.07°
3™ and more 84 2.36+0.04%8 |2.40+0.04*8 |328+0.05° 3.21+0.05¢
a, b, ¢ - means in the row with different superscripts differed significantly (P<0.05)
A, B - means in the column with different superscripts differed statistically significant (P<0.05)
TABLE 3. Quarter average milk flow rate of different lactation cows’
Lactation number Number of Average flow rate of quarters, kg / min
cows LF RF LR RR
1 78 0.78+0.022 0.77+0.022 0.84+0.022 0.86+£0.022
2 67 0.93+0.03° 0.97+0.03" 1.06+0.03° 1.04+0.03°
3™ and more 84 0.91:0.02° 0.99:0.02° 1.03+0.02° 1.05+0.02°

a, b, c - means in the column with different superscripts differed significantly (P<0.05)

The most milk flow characteristics were in-
fluenced by the lactation number. More cows had
a decreased peak milk flow rates as the lactation
progressed because of the reduced milk production
and less persistence (Sandrucci et al, 2007). The
average milk flow data of different lactation cows
is presented in Table 3. The average milk flow in all
cows was 0.96 kg/ min. Compared to the average
milk flow among the front and the rear quarters, a

0.08 kg/ min lower flow was found in the front quar-
ters (P<0.05). The average flow rate in LF quarter
was 0.05 kg/ min lower than in RF and respectively
0.117 and 0.12 kg/min lower than in LR and RR ud-
der quarters (P<0.05). Tancin et al. (2006) noticed
that rear quarters had a significantly higher milk
yield, longer time of milking, higher peak, and high-
er average flow rates than the front quarters. There
were also differences in the measured flow rates



between the left and the right quarters in compar-
ison to the respective front or rear positions. The
measured characteristics reported in study Tancin
et al. (2002) are important in setting the default
parameters in automated milking systems.

The smallest differences in the mean milk flow
between the different quarters were found in the
cows of first lactation. The average milk flow in sin-
gle quarters of these cows was significantly lower
than that of the second and third or more lactation
cows (P<0.05). Analysis of different lactation cows
showed that with increasing the lactation number,
the average milk flow increased too. The lowest
average milk flow rate was established in the LF

quarter of first lactation cows (0.78 kg/min) and
the highest in the LR quarter of the second lac-
tation cows (1.06 kg/min). Sandruci et al. (2007)
reported the most milk flow characteristics were
influenced by the lactation number.

The peak milk flow data of in separate quar-
ters of all cows is presented in Table 4. The highest
milk flow in the front quarters was lower on aver-
age 0.11 kg/min compared to that in the rear ud-
der quarters (P<0.05). The peak milk flow rate in LF
guarter was less on average by 0.09 kg/min com-
pared to that in the RF quarter, and correspondingly
0.16 kg/min and 0.17 kg/min less than in LR and RR
quarters (P<0.05).

TABLE 4. Quarter peak flow rate (kg/min) according to the lactation number and th number of cows

Lactation number Number of Peak flow rate of quarters, kg/min

cows LF RF LR RR
1 78 1.14+0.03® 1.13+0.03® 1.26+0.032 1.28+0.03%
2 67 1.32+0.03° 1.45+£0.05° 1.50+0.04° 1.49+0.04°
3™ and more 84 1.32+0.03° 1.47+0.03° 1.49+0.02° 1.51+0.02°

a, b, c - means in the row with different superscripts differed significantly (P<0.05)

The highest milk flow rate in the first lactation
cows per quarter was significantly lower than that
of the other analysed lactation cows (P<0.05). For
the first lactation cows was determined the low-
est difference of peak milk flow between separate
quarters. In the front and the rear quarters the dif-
ference was respectively 0.01 kg/min and 0.02 kg/
min, while it varied at a level of 0.01 kg/min and
0.02 kg/min. In the second, third and more lactation
cows the largest milk flow fluctuations significantly
differed in all quarters compared to the first lacta-
tion cows. A particularly clear difference was ob-
served between the first and the third or more lac-
tating cows. According to Grindal and Hillerton
(1991) cows with a high peak flow rate are more
sensitive to mastitis. The highest average maxi-

mum milk flow rate was determined in dairy cows
at the second lactation (3.45+0.75 kg/min), while
the lowest value was measured again in the group
of dairy cows at the first lactation (2.58+0.82 kg/
min). The occurrence of bimodality was the highest
in the group of dairy cows at the second lactation
(45.45 %) (Strapak et al, 2009; Antalik et al,
2010).

Electrical conductivity of milk was correlat-
ed with the somatic cell count, so this parameter
could be regarded as effective for diagnosing the
health status of the udder. Electrical conductivity
of milk was significantly lower (P<0.05) in all quar-
ters of the first lactation cows’ milk than in more
lactations cows, except the RF udder quarter of the
second lactation cows (Table 5).

TABLE 5. Electrical conductivity (mS/cm) of cow's milk from different quarters (LF, RF, LR, RR) of different lactation cows’

Lactation number Number Electrical conductivity in udder quarters, mS/cm

of cows LF RF LR RR
1 78 4.26+0.04° 2.71£0212 4.27+0.04° 261021
2 67 4.48+0.04° 2.98+0.22° 4.49+0.04° 3.19+0.20°
3t and more 84 4.59+0.03¢ 3.77+0.11° 4.54+0.03° 3.67+0.10¢

a, b, ¢ - means in the column with different superscripts differed statistically significant (P<0.05)
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TABLE 6. Correlations among the analysed indicators and the udder quarters by cows’ lactation

Lactation number
1t 2t 3t and more
RF LR RR LR RR RF LR RR
Milk yield, kg LF 0.772" 0426™ 0571 0.695™ 0.342™ 0.123 0.567" 0411 0.373™
RF 0.459™ 0.520™ 0417 10128 0.268™ 0.353™
LR 0597 0.470™ 0.640™
Average milk flow, | LF 0.725™ 0.537" 0.513™ 0.656™ 0.628™ 0.449™ 0.762™ 0.722" 0674
kg/min RF 0.566™ 0.425™ 0520 0427 0.684™ 0.659™
LR 0.756™ 0.687" 0.806™
Peak flow rate, kg/ | LF 0641 |0.532™ 0448 |0.588™ 0555 |0.484™ 0.695" |0.668™ 0.633™
min RF 0.462™ 0318 0.424™ 0457 0.591™ 0614
LR 0.656™ 0.639™ 0.759™
Milking duration, LF 0.768" |0.632™ 0714 |0679™ 0.482" |0.584™ 0761 10.698™ 0.685™
min RF 0.635™ 0.743™ 0555 |0.594™ 0.581™" 0.641™"
LR 0.699™ 0.675™ 0.780™
Electrical LF 0.420™ 0.882™ -0.051 0.459™ 0.771" 10.025 0253 |0572™ 0.154"
conductivity, RF 0.350™ -0.577" 0416™ -0.361" 0.237 -0.166"
ms/cm LR -0046 0.106 0131

* P<0.05; ** P<0.1; *** P<0.001

The difference in electrical conductivity be-
tween the RF and the RR quarters of the first and
the second lactation cows was 0.10 mS/cm. Mean-
while the in electrical conductivity between the LF
and the LR quarters in the second lactation cows
differed fractionally (0.01 mS/cm) but it was 0.21
mS/cm between RF and RR quarters. Electrical
conductivity between the RF and the RR quarters
of the third and more lactating cows was 1.06 mS/
cm higher in comparison to the adequate quarters
of the first lactation cows (P<0.05). It was report-
ed that the electrical conductivity of 5.5 mS/cm
in milk was a threshold for the subclinical masti-
tis (Mammadova et al, 2013). Other researches
reported that the electrical conductivity of milk
ranged from 4.6 to 5.8 mS/cm in samples with so-
matic cell counts below 200.000/mL and variation
in electrical conductivity of milk could be accepted
as one of the key parameters in the milking system
for health monitoring system of dairy cows (Juo-
zaitiené et al, 2015). According to the obtained
results, electrical conductivity of milk ranged from
2.62 to 459 mS/cm so it could be presumed that
the somatic cell count did not exceed 200.000/mL.

Correlations among the analysed indicators
and udder quarters by cows’ lactation are present-
ed in Table 6. Milk yield in separate udder quarters
in dairy cows were found to positively correlate.
The highest correlation was observed between LF

and RF (from 0.567 in the third lactation to 0.7772
in the first lactation, P<0.007) and LR with RR
(from 0.470 in the second lactation to 0.640 in the
third lactation, P<0.001). After evaluating the cor-
relation between the milk content in one quarter
and the other quarters, similar correlations (0.476
to 0.7797, P<0.001) were found in all lactations.
Both, the average milk flow and the peak milk flow
from different udder quarters were positively cor-
related to the average strength. The weakest but
statistically significant intermediate-strength rela-
tionships were obtained in all lactations for the RR
and front quarters LF (from 0.449 to 0.6474 re-
spectively in second and in third lactation) and RF
(0.427 in the second lactation to 0.659 in the third
lactation). The strongest correlation (0.656 - to
0.806) in all lactations were established between
the front (LF with RF) and the rear (LR with RR)
quarters. The quarters according to the peak milk
flow were also distributed. Evaluating the relation
of the highest and the average milk flow in one
quarter with other quarters together were estab-
lished, strong positive correlations (from 0.0620
to 0.803, P<0.001) were found in all lactations.
The correlation between the milking duration from
different quarters in dairy cows was very similar
and ranged from positive average strength (0.555
in second lactation RF with LR quarters) to pos-
itive strong (0.780 in third and more lactations



LR with RR). There was a strong correlation (from
0.701 to 0.860; P<0,001) between the milking
duration from one quarter and the duration from
other quarters together. The largest differences
were fixed after evaluating associations between
milk electrical conductivity among different udder
quarters. A negative correlation was found in dairy
cows between the RF and the RR quarters and it
ranged from -0.166 in the third and more lacta-
tions to -0.577 in the first lactation. Meanwhile,
on the left side positive correlations (from 0.572 in
the third and more to 0.882 in the first lactation)
were observed. In the rear udder quarters statisti-
cally insignificant close to zero correlations were
found between the LR and the FR in all lactations,
while the correlations between the LF and the RF
quarters were statistically significant (from 0.253
to 0.459). According to Sandruci et al. (2007) milk

yield per milking was positively related to the peak
milk flow rate (r= 0.33; P<0.001) and the total milk-
ing time (r=0.47; P<0.001).

Conclusions

First lactation cows showed a lower milk pro-
duction per milking in all udder quarters in compar-
ison to other lactation cows (P<0.05). The duration
of milking of the third and more lactation cows in
front quarters was shorter than that of the first lac-
tation cows (P<0.005). As the number of lactations
increased, the milking time in the front quarters de-
creased. The average milk flow and the peak flow in
the first lactation cows were found to be lower than
that in older cows (P<0.05).

Muzni parametri u ovisnosti o Cetvrti vimena i broju laktacija

muznih krava

Sazetak

Ova studija provedena je na 229 muznih krava u Litvi, a za muZnju koriSteni su roboti tvrte Delaval.
Pritom su u svakoj pojedinoj Cetvrti vimena, ovisno o broju laktacija odredivani prinos mlijeka (kg),
trajanje muznje (min), protok mlijeka (kg/min) i najvise vrijednosti protoka (kg/min). Statisticka analiza
prikupljenih podatka napravljena je pomocu programskog paketa Statistical Package for Social Science
22 za Windows, Kolmogorov-Smirnovog testa i modela analize varijance s jednim utjecajnim faktorom
(ANOVA). Raspodjela ¢etvrti vimena vrlo je vaZzna u postupku muznje. Prinos mlijeka u prednjim &etvrti-
ma vimena iznosio je oko 4,6 kg (42,2 %), a u zadnjim 6,32 kg (57,8 %) (P<0,05). Dakle, koli¢ina mlijeka
bila je znac¢ajno manja (P<0,05) u prednjim Cetvrtima vimena u svih ispitivanih muznih krava. Uzimajuci
u obzir proizvodnju mlijeka u svim Cetvrtima vimena, mlijecnost krava u prvoj laktaciji znacajno je manja
(P<0,05) u odnosu na krave s vecim brojem laktacija. Trajanje muznje prednjih Cetvrti vimena krava u
tre¢oj i visoj laktaciji bilo je krace nego u krava u prvoj laktaciji (P<0,005). S porastom broja laktacija
opadalo je trajanje muznje u prednjim Cetvrtima. Prosjecan protok mlijeka i njegova maksimalna vrijed-
nost bili su niZi kod krava u prvoj laktaciju u odnosu na starije krave (P<0,05).

Kljucne rijeci: strojna muznja, krava, laktacija, vime, etvrt
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