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Abstract

The aim of the present study was to evaluate the changes in selected production and functional
traits of Polish Holstein-Friesian cows after switching from a conventional (CMS) to an automatic
milking system (AMS). The study consisted of 3398 Polish Holstein-Friesian dairy cows, from
16 herds in which CMS was changed to AMS. Cows were in their 1% (L1) or 2" lactation (L2). The
data consisted of milk yield (MY, kg), fat content (FC, %), protein content (PC, %), solids (SO, %),
lactose content (LC, %), urea content (MU, mg/l), somatic cell count (SCC, thous./ml) and somatic
cell score (SCS, log). The milking system had a significant impact on milk yield, fat, lactose, solids,
and urea contents. Regardless of lactation number, milk derived from CMS was characterised by
higher values for FC, PC, SO, SCC and SCS, while milk from AMS had higher MY, LC and MU.
Multifactor analysis of variance also confirmed significant effect of herd, season, herd x milking
system interaction on SCS in milk of cows in L1. In the studied herds change from CMS to AMS
was evaluated separately for cows in L1 and L2. The transitioning from CMS to AMS resulted
in the decrease of fat content in 6 L1 and 7 L2 herds, solids in 8 L1 and 5 L2 herds. SCS in milk
also decreased in 4 L1 and 5 L2 herds. The change caused the increase of MY in 11 L1 and 9 L2
herds, lactose content in 6 L1 and 4 L2 herds and urea content in 9 L1 and 10 L2 herds. AMS may
positively affect milk yield and health status, however, the change of milking system should be also
accompanied by the change in herd management.
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The Food and Agriculture Organization has estimated that all over the world
around 150 million households are involved in milk production (Hemme and Otte,
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2010). In Poland in 2016 dairy production provided a source of income for 270 000
farms (Sobczynski et al., 2018).

In recent years dairy farms have undergone a change, caused by changes in tech-
nology, a decrease in the number of dairy farms and an increase in the number of
cows per herd. On top of that, the number of farms equipped with an automatic milk-
ing system (AMS) has increased. This change is caused by a constant demand for
labour. Farmers aim to reduce labour time and improve their profitability at the same
time. Robots have been proven to be a breakthrough system that improves work on
a dairy farm. AMS exempt breeders from performing pre- and post-milking tasks
such as teat cleaning, attaching teat cups and disinfecting teats after each milking (de
Koning, 2011; Waskowicz et al., 2014).

To date, a number of studies have been conducted on AMS and CMS (transition
from conventional), as well as on the comparison of both systems (Pezzuolo et al.,
2017; Winnicki et al., 2017). The results obtained by various authors (de Koning,
2011; Osterman et al., 2005) suggest that in some farms the increase in milk yield
in AMS may be caused by a higher number of milkings per day, which improves
lactation yield by 10—15%. Some authors also point out that in AMS the udder health
is often improved which may contribute to a better milk quality compared to milk
obtained in CMS (Bogucki et al., 2014; Svennersten-Sjaunja and Pettersson, 2008).
On the other hand, better results are not visible immediately after AMS installation.
Moreover, CMS to AMS change also may impact milk composition and quality. The
results provided by the above-mentioned authors are contradictory to each other,
therefore, further research is needed to determine the effect of milking system on the
aforementioned traits.

We predict that in the near future, the number of automatic robots will increase
and more dairy farms will be equipped with AMS. This may be due to the rising
costs of human labour and a subsequent need to reduce costs, changes in approach of
young farmers who may be keener on using new technology in their dairy farms, as
well as a better availability of new solutions (Schewe and Stuart, 2015).

The aim of the present study was to evaluate the changes in selected production
and functional traits of Polish Holstein-Friesian cows after switching from a conven-
tional to an automatic milking system. We hypothesise that this change positively
affects milk yield, composition and hygienic quality in dairy cattle.

Material and methods

Animals and data collection

The study consisted of data derived from 16 different herds of Polish Holstein-
Friesian dairy cows, in which the change from CMS to AMS occurred between 2010
and 2013. Depending on a farm, from one up to four “Astronaut A4” robots by Lely
(Maassluis, The Netherlands) were installed. The animals were kept in similar con-
ditions and fed using the Partial Mixed Ration feeding system and had access to
feed ad libitum. Data was derived from the automated registration system SYMLEK
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provided by the Polish Federation of Cattle Breeders and Dairy Farmers (PFHBiPM)
and concerned a total of 3398 cows that calved between 2008 and 2015. Selected
production and functional traits were analysed. The data included in the study con-
sisted of daily milk yield (MY, kg), fat content (FC, %), protein content (PC, %),
solids (SO, %), lactose content (LC, %), urea content (MU, mg/1), somatic cell count
(SCC, thous./ml) and somatic cell score (SCS, log). Calving dates and duration of
milking were also recorded. Data was collected in the first and second full lactations.
The study evaluated the quality of milk based on SCC in test milkings. A total of
28655 test milkings in 1 and 2" lactations were recorded.

The studied herds (H) were marked with the letters A — P and the calving season
(S) was divided in two periods: summer (May — October) and winter (November —
April). The studied population was divided according to milking system (MS): CMS —
dates of successive calving and culling date < AMS implementation date; AMS —
dates of successive calving and culling date > AMS implementation date. The group
of cows that started their production in CMS but finished in AMS, was excluded
from the study. The general characteristics of each herd are presented in Table 1.

Table 1. General characteristics of the tested herds

CMS AMS
Herd | no of cows | housing | milking |year of AMS| AMS no. lying | walking
per CMS herd| system system | installation barn | ofrobots| areas areas

A 26-50 FS MP 2013 M 1 RM G
B 26-50 TS WMM 2012 N 1 RM G
C 26-50 FS WMM 2012 N 2 RM G
D 26-50 FS WMM 2013 N 2 RM G
E >100 FS MP 2013 N 4 SS G

F 26-50 FS MP 2012 M 1 S C
G 51-100 FS MP 2011 M 1 RM C
H <25 FS MP 2013 N 2 RM G

I 26-50 FS MP 2011 N 3 SS G

J 26-50 FS MP 2011 M 1 RM C
K 26-50 TS WMM 2012 N 1 RM G
L >100 FS MP 2013 M 1 RM G
M <25 TS WMM 2011 N 1 RM G
N 51-100 FS MP 2012 M 1 RM G
(0) >100 FS WMM 2012 M 1 RM C

P <25 FS MP 2010 M 2 RM G

FS — free-stalls, TS — tie-stalls; MP — milking parlour, WMM — wired milking machine; N — new; M — mod-
ernised; RM — rubber mats, S — straw; SS — straw with a separate; G — grates; C — concrete.

Statistical analysis
Studied features of milk yield, composition and hygienic quality for cows in their
It (L1) and 2™ lactation (L2) were statistically pre-characterised with the use of
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arithmetic mean, standard deviation and coefficient of variation. Data on SCC was
subjected to logarithmic transformation to obtain somatic cell score (SCS):

scc ,
SCS = log, x 7505 + 3, (PFHBiPM, 2016),

where SCS was somatic cell score (log) and SCC was somatic cell count (thous./ml).

Preliminary classification models that were used in statistical analyses included
the effect of housing system in CMS (free-stalls, tie-stalls), milking system (milk-
ing parlour, wired milking machine), as well as the type of AMS barn (modernized,
new), the type of lying area (rubber mats, straw, straw with a separate), walking
areas type (concrete, grates) (Table 1). Due to the lack of significant impact of the
above-mentioned factors on tested traits the herd effect was introduced in the final
classification model.

A multifactor analysis of variance was performed to confirm factors statistically
affecting milk yield, milk composition and SCS in 1* and 2" lactations (SAS Insti-
tute Inc., 2014). The following linear model was used:

5
Yyw=u+tBX+a +b +c +d+(ab), + (bc), + 3x + \/; (Bx*=1) + ey,

where:
Y,um— Phenotypic value of studied trait
m — mean,

BX — linear regression for age at calving,

a,— fixed effect of i" milking system (CMS, AMS),

b~ fixed effect of j®herd (A-P),

é,(— fixed effect of k™ season (summer: V — X, winter XI — V),

d,—random effect of I cow (1..2620 in 1* lactation, 1..1339 in 2" lactation),
(ab)ﬁ— milking system x herd interaction,

(ac),— milking system % season interaction,

(bc)jk— herd x calving season interaction,

[5
\3x; N4 (3x? — 1) - covariates of Legendre polynomial, modified by Gengler et
al. (1999),

2t-5
=)
tmax_tmin

where:
t — date of test milking,
t ;t —maximum and minimum duration of test milkings,

max® “min

e..—random error.
ijkim

Statistical analysis of the investigated traits was performed using MIXED pro-
cedure in the SAS 9.4 software (SAS Institute Inc., 2014). Groups of animals that
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were identified with the means of classification model were compared based on least
squares means using the Scheffé test.

Results

Descriptive statistics of analysed traits are presented in Table 2. During the sec-
ond lactation the analysis revealed higher values of milk yield (29.25 kg/day vs.
25.90 kg/day for cows in L2 and L1, respectively), fat content (4.02% vs. 3.99%),
protein content (3.42% vs 3.34%), solids (12.94% vs. 12.92%) as well as somatic
cell score (3.55 vs. 3.18) and somatic cell count (442.82 thous./ml vs. 327.11 thous./
ml). However, values for lactose (4.93% vs. 4.83% for cows in L1 and L2, respec-
tively) as well as urea content (236.16 mg/1 vs. 230.14 mg/1) were higher in milk of
cows in the 1* lactation. The average MY was higher in AMS than in CMS (28.32 kg/
day vs. 24.21 kg/day in L1 and 31.15 kg/day vs. 27.57 kg/day in L2).

Table 2. Descriptive statistics of the analysed traits

Trait It lactation 2™ Jactation
n | mean | SD | cv n | mean | SD | CcvV

Milk yield (kg/day) 19163  25.90 7.92 30.57 19613 29.25 10.02 34.26
Fat content (%) 18 957 3.99 0.76 18.97 19342 4.02 0.81 20.07
Protein content (%) 18 960 3.34 0.35 10.54 19362 3.42 0.39 11.4

Solids (%) 18960  12.92 0.94 725 19362 1294 1.03 7.97
Lactose content (%) 18 960 4.93 0.18 3.74 19362 4.83 0.20 4.05
Urea content (mg/l) 18948 236.16  83.51 3536 19348 230.14 82.71 35.94
SCC (thous./ml) 18966 327.11 2929.96 89571 19374 44282 4588.06 1036.10
SCS (log) 18 966 3.18 1.83 57.51 19374 3.55 2.00 56.37

n —number of observations, SD — standard deviation; CV — coefficient of variation (%), SCC — somatic cell
count, SCS — somatic cell score.

Multifactor analysis of variance confirmed significant effect (P<0.0001) of milk-
ing system (MS), herd (H), season (S), age at calving, H x MS interaction on dif-
ferent milk parameters (Table 3). Herd as well as interaction between H and MS
were indicated as factors that affected all traits. MS had a significant impact on milk
yield, fat, lactose, solids and urea contents regardless of lactation number and in the
L2 group also on SCS. In both L1 and L2 groups season and age at calving, as well
as S x MS and H x S interactions had an impact on some of the recorded traits (Ta-
ble 3).

Highly significant differences were reported for milk yield (least square means
increased from CMS to AMS by 3.43 kg/day for L1 cows and 3.73 kg/day for L2
cows), fat (decreased by 0.19% and 0.18%, respectively), lactose (increased by
0.03% in both lactations), solids (decreased by 0.21% in both lactations) and urea
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contents (increased by 28.32 mg/l and 36.09 mg/l in L1 and L2, respectively) (Ta-
ble 4). No statistical influence of milking system was found on protein content in
milk. Significant differences in relation to SCS recorded in milk obtained from cows
milked in different milking systems were found only for L2 cows. LSM (least square
means) values for SCS decreased from CMS to AMS, proving that the decrease of
SCS after AMS introduction was highly significant (P<0.01) (Table 4). Analysing the
coefficient of the variation of tested traits, it was noted that cows in L1 and L2 milked
in AMS were characterised by a lower variability in milk yield and composition and
higher in SCS compared to cows milked in CMS (Table 4).

Table 3. Significance of the influence of the main factors on the studied traits

. Milking Herd Calving Age. at
Trait system (H) season calving | SxMS | HXxMS | HxS
(MS) S (AC)
1** lactation
Milk yield F 178.94%%*  7231%**  430% 23.16%** 15.68%** 9 81*** 139
Fat content F  55.10%%*  20.54%%*  979%* 2.19 13.34%%%  4.01%*%* 1.39
Protein content F  0.02 10.83*** 215 4.22% 3.05 8.67*** 1.35
Lactose content F  11.44%** 6.72%¥* 2,62 12.62¥**  1.03 3.37**¥* 1.25
Solids F o 38.82%**  14.37%** 10.56%* 1.80 13.44%*%  477%%*% 123
Urea content F 187.33%%* 120.18***  2.53 0.28 3.18 35.68%** 3. ]3%*k*
SCS F 292 9.50%** 7 ]12%* 3.73 0.11 6.68%%* 1.17
2m Jactation
Milk yield F 149.90%%*  65.70%*%* 23.80%*** 2528*** (.22 12.89*** 1.05
Fat content F 44.52%%%  21.42%**  8.06%* 0.19 0.29 4.28*** (.63
Protein content F  3.50 10.51%%%  26.77%%%  52.71***  0.74 5.50%%* 1.84%
Lactose content F  18.03%** 8.20%** (.14 12.14%**  0.03 3.89%** .69
Solids F o 34.55%%%  [7.28%%%  [7.46%** 7.05%* 0.72 3.93%%* 1.02
Urea content F 322.98%*%*% 126.07***  593* 0.15 9.08**  34.95%** 3 70¥**
SCS F  9.38** 11.04***  0.03 10.99%** (.33 6.40%*%* .69

F — empirical values of F statistics, SCS — somatic cell score; * — P<0.05; ** — P<0.01; *** — P<0.001.

Table 4. Values of least square means (LSM), standard error (SE), coefficient of variation (CV, %) for
the studied traits depending on the milking system, separately for cows in 1% and 2" lactation

1% lactation

2" Jactation

Traits
CMS AMS CMS AMS
1 2 3 4 5
Milk yield (kg/day)  LSM 23.90 A 2733 B 2695 A 30.68 B
SE 0.19 0.17 0.25 0.18
(0\% 32.17 26.33 37.07 30.29
Fat content (%) LSM 4.17A 398B 4.19A 401 B
SE 0.02 0.02 0.02 0.02
CvV 19.32 18.26 20.73 19.17
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Table 4 — contd.

1 2 3 4 5
Protein content (%)  LSM 3.36 3.36 3.44 341
SE 0.01 0.01 0.01 0.01
(6)% 10.84 10.07 11.52 11.26
Solids (%) LSM 13.13A 12.92B 13.14 A 1293 B
SE 0.02 0.02 0.03 0.02
(6)% 7.39 7 8.09 7.81
Lactose content (%) LSM 490 A 493 B 481 A 4.84 B
SE 0.01 0.00 0.01 0.00
(6)% 3.85 3.52 4.17 3.88
Urea content (mg/l) LSM 209.94 A 238.26 B 203.42 A 239.51 B
SE 1.5 1.43 1.61 1.21
cv 40.5 27.02 41.39 29.07
SCS (log) LSM 3.24 3.12 3.61A 3.38B
SE 0.05 0.05 0.06 0.05
(6)% 56.33 59.13 52.27 60.85

CMS — conventional milking system, AMS — automatic milking system; SCS — somatic cell score;
AB — least square means marked with different letters, within the group of cows in the 1 or 2™ lactation, differ

statistically at P<0.01.

Table 5. The change in values (%) of the studied traits after substituting conventional with automatic
milking system depending on lactation number (calculated as the mathematical difference between
values of different parameters in AMS and CMS)

Lactation | Hord | S0 | oment | coment | coment | 5% | coment | €S
1 2 3 4 5 6 7 8 9
1% lactation A +17.83*%%  —10.03**  -0.62 +1.35%  -3.04%¥*  +3.55 —-16.98*
B +27.19%* —4.04 +0.65 +1.16 -1.24 —17.27%* —19.17
C  +21.62%* —4.85% —0.86 +0.15 —2.04*%  +40.34*%*% +]19.45*
D +17.35%* -3.73 —2.02 +2.11%%  —1.60 +46.16%*  —35.63%*
E  —480%¥*  +0.33 +6.49 +0.64%  +1.72%¥*¥  —6.33%* D22.33%*
F  +18.44%* —9.18*%*  —1.11 +0.93 —3.21%%  +8.86%* +15.66*
G +17.26%* —7.82%%  -3.06 —0.66 —3.48%%  +9.98%*  +2.23
H -1.86 -2.87 +0.51 +0.49 -1.24 +22.54%*  —0.30
I +18.39%* —8.74*%*  -3.06 +1.14*  3.26%* 097 +3.41
J +5.47 —3.41 +1.55 —0.57 —0.98 +73.80**  +5.47
K +53.17%%  —10.04**  +1.09 +2.36%*  2.84%  +78.53%* 44 54%*
L +10.66** -3.21 -3.21 —1.48*%  —2.35% —6.32 +25.66%*
M +14.70 —2.58 +1.56 -1.59 —-1.09 +8.53 +14.70
N +6.73* +3.70 -2.09 +1.07*  +0.21 +9.70**  +12.43
O +22.06%* -1.31 +5.28 +0.61 +1.09 +2.71 —-1.66
P +6.04 -2.75 -1.72 +0.44 —1.94* +9.19%*  +5.06
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Table 5 — contd.

1 2] 3 4 | s | s 7 8 9

29lactation A +21.04%F  _1137%% 120  +1.07  -3.36** +11.98%* 2830%
B +668 079  +244  +086  +0.19 612  -9.74
C +1773% 018 034 4038 039  +48.84%F +5I11%*
D +16.16%*%  —1.99  +0.31 42120 049  +47.30%* 2613
E  436*  +450%* 488 4045  +2.58%F 932 1926
F o +1449%  775% 250 003  -327%% 4638  +25.49%*
G +12.68%F  8.03** 4690 075 385" +10.10%* +8.87
H +25.72%%  839% -390 078 455 +5405%* +8.96
I +3.57  S595% 297 4L 222%F  47.44%% 905
JO#519 332 4091 4079 106 +8148*F -1.63
K +46.89%%  7.90%%  +235  +0.76 200  +6247%* 21.81*
L 310  +022 080  -102** 075  +2.56 140
M +3634%% 530 052 4055  -161  +1801** 517
N 4628 160 565  +296** 185  +640  -13.67
O +52.11%*  404%* 4217 +103** 079 +348  27.13%*
P 4246 173 091  +0.60  —132  +IL77*  —6.84

CMS - conventional milking system, AMS — automatic milking system; SCS — somatic cell score; * —
P<0.05; ** — P<0.01.

Since a significant impact of herd on the analysed traits as well as H x MS in-
teraction were recorded, a comparative analysis between CMS and AMS was per-
formed (Table 5). A relative (%) difference was calculated between levels of milk
parameters (AMS — CMS) in all 16 herds, however, the changes of analysed values
differ throughout herds (Table 5). The conversion from CMS to AMS resulted in
a decrease of fat content in 6 L1 and 7 L2 herds and solids in 8 L1 and 5 L2 herds.
SCS in milk also decreased in 4 L1 and 5 L2 herds. The change caused the increase
of MY in 11 L1 and 9 L2 herds, lactose content in 6 L1 and 4 L2 herds and urea
content in 9 L1 and 10 L2 herds. These changes were proven to be statistically sig-
nificant.

Discussion

Milk yield and composition

Milk from cows in 1%t and 2" lactation was obtained from CMS and AMS and its
composition was analysed. Analysis of variance showed that, apart from the milking
system, herd, season, age at calving and their interactions were the source of vari-
ability of the studied milk traits. These results are consistent with those obtained by
previous studies (Pinedo and De Vries, 2017; Sitkowska et al., 2015). Due to the aim
of the present study, the impact of change from CMS to AMS in terms of milk yield,
composition and quality was thoroughly assessed.
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Higher MY obtained in the present study was recorded in AMS (LSM in-
creased by 14.35% for cows in L1 and 13.84% for cows in L2). The average MY in
AMS amounted to 28.32 kg/day for L1 cows, which constituted higher values than
those obtained by Mulder et al. (2014), who reported the average daily MY to be
24.44 kg/day in AMS for 1* lactation cows, while values in CMS were similar in
both studies (24.21-24.31 kg/day). Sitkowska et al. (2015), who also investigated
changes in milking parameters after the introduction of automatic milking robots,
noted an increase in milk yield per day (by 3.39% and 2.15% in two different dairy
herds), while in the present study the increase (by 5.47-53.17 %) was reported in
14 herds.

The present study also analysed fat, protein and solids contents revealing higher
values obtained before AMS installation, which is in accordance with the results pre-
sented by Klungel et al. (2000) who reported that the average fat (%) content in milk
obtained before AMS introduction was at the level of 4.43%, while after AMS in-
stallation — 4.37%. Protein content also decreased after AMS introduction to 3.41%
which was lower by 0.88% than in CMS. While the present study showed the solids
in milk to be at the level of 12.92% and 12.93%, respectively, for cows in L1 and L2
in AMS, Golebiewski et al. (2011) reported higher solids content in milk (13.47%).
In the present study, lactose and urea contents in the milk of the dairy cows were
proven to increase after AMS installation. Also Sitkowska et al. (2015) investigated
content of fat, protein, lactose and solids in milk in CMS and AMS. They reported
that milk obtained from cows milked in CMS had higher fat, lactose and solids con-
tents (4.13, 4.93 and 12.99%, respectively); only protein content in milk was higher
in AMS-derived milk (3.30%).

The decrease in the fat and protein contents after AMS installation may result
from an increase in milk yield rather than from the change in milking system. A num-
ber of researchers have mentioned a negative genetic correlation between milk yield
and fat and protein contents in milk (Berry et al., 2013; Toghiani, 2012). Berry et al.
(2013) estimated the genetic correlations between MY and fat and protein contents
at the level of —0.49 and —0.51, while Toghiani (2012) also reported negative genetic
correlation between MY and protein (—0.505).

Monitoring urea level in milk is important as it may enable farmers to indicate
cases of health problems that may affect cow fertility. It has been stated that the
optimal urea content in cow’s milk is 150 — 300 mg/l (Czajkowska et al., 2015;
Rzewuska and Strabel, 2013). In the study of Czajkowska et al. (2015), the content
of urea in milk was within a normal range (206.4 mg/l). Similarly, Rzewuska and
Strabel (2013) reported that during the 1% lactation the average urea content was
230.1 mg/l, and did not change significantly during the 2™ lactation (230.3 mg/1). In
the present study, we have observed a higher level of urea in L1 milk (236.16 mg/1)
compared to L2 (230.14 mg/1). Also, it has been noted that MU increased after AMS
installation (by 13.49-17.74%, respectively in L1 and L2), which is in accordance
with the results obtained by Vorobjovas et al. (2010), who reported an increase of
21.8% after AMS introduction. Tousova et al. (2014), who also investigated the
change in urea content in milk after changing from CMS to AMS, did not report any
significant differences in the level of urea. It may be suggested that AMS provides
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cows with free access to milking robots as well as feed station. In AMS a feed ration
is individually adjusted to the cow’s capacity, which may result in more stable milk
production. This may result in a decrease in variability of tested traits after switching
from CMS to AMS.

The study included data from 16 dairy farms. It has been noted that the change
from CMS to AMS affected some milk parameters in a different way. While gener-
ally MY, lactose and urea contents increased and fat, protein and solids contents de-
creased, this was not the case for all herds. Changing one milking system to another
should also entail a change in herd management. Only a proper adjustment allows
farmers to exploit the potential of milking robots (Tse et al., 2017).

Somatic cell count and score

Somatic cell count (SCC) in cows’ milk, one of the functional traits, is condi-
tioned by various genetic and non-genetic factors (Frossling et al., 2017; Sitkowska
etal., 2017). Moreover, a higher level of somatic cell in milk is associated with mas-
titis (De Vliegher et al., 2012). The beginning of the 1* lactation is very important
for the future milk performance of a cow. A higher level of somatic cells in the cow’s
milk may be a reason for a lower milk yield in subsequent lactations; it also increases
the risk of mastitis incidence (De Vliegher et al., 2012).

For the purposes of statistical analysis, SCC is often subjected to logarithmic
transformation, which results in the creation of a new variable with a distribution
similar to the normal distribution. The variable is called somatic cell score (SCS).
Lactation number is a very important factor that affects SCC (Sitkowska et al.,
2017), which was also confirmed in the present study with cows in L2 having higher
values for this parameter. These results are in accordance with those described by
Sitkowska (2008) who noted that multiparas’ milk was characterised by a higher
SCC content (P<0.01).

The present study showed significant differences in SCC between CMS and
AMS. The level of somatic cells in cows’ milk was lower in AMS for cows in their
1 (not statistically significant) as well as 2 lactations (P<0.01). Nevertheless, the
impact of milking system on milk hygiene is not unequivocal. Frossling et al. (2017)
also obtained ambiguous results — a significant decrease of SCC in milk after AMS
installation was observed only in some years. Considering above-mentioned ambi-
guity of the results described in the literature, it can be concluded that further studies
in this area are still justified.

Statistical analysis of the impact of H X MS interaction on SCS confirmed that
the milking system affected SCS differently in different herds. Therefore, the conclu-
sion may be drawn that the automation of milking process does not result in obliga-
tory improvement of milk hygiene quality; it requires improvement of environmental
conditions and herd management. It can be assumed that one of the reasons behind
the beneficial effect of robotisation of the milking process may be the fact that cows
have free access to a milking robot. As suggested by Sitkowska et al. (2015), AMS
allows adjusting daily milking frequency to the individual needs of a cow. AMS also
prevents too long breaks between successive milkings, which is important also in
terms of SCC (Olde Riekerink et al., 2007). Olde Riekerink et al. (2007) noted that



Milking systems — milk production traits 719

the level of somatic cells in milk increased geometrically if the break between milk-
ings was longer than 7 h. Moreover, a positive effect of changeover to AMS may
also be caused by the construction and functional features of a robot. The data in the
present study was derived from robots with a system of brushes that clean the area
around and under teats. After each milking the brushes are disinfected, which helps
to improve hygiene.

Conclusion

The change from a conventional to an automatic milking system significantly
improved milk yield and composition. We observed an increase of daily milk yield,
lactose and solids contents in milk, as well a decrease of fat, protein and solids con-
tents. The results also showed significant interactions between season and milking
system as well as herd membership and milking system, which affected several milk
parameters. Moreover, the improvement of hygienic quality of milk after AMS in-
stallation (decrease of SCC) was also observed. This improvement might be caused
by the extended functionality of a robot that guarantees that 100% of cows have
their udders cleaned before milking, and which may alert farmers about potential
mastitis cases based on changes in the recorded milk parameters. AMS installation
cannot positively affect milk yield unless it is also accompanied by a change in herd
management.
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