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Research article
Ερευνητικό άρθρο

ABSTRACT: Udder health is a key factor for dairy cows’ productivity and welfare. This study presents the first insight 
into dairy cows’ udder health after the introduction of automatic milking systems in Greece. Four farms with Holstein 
dairy cows and automatic milking systems enrolled in the study. Data from their milking records were utilized, from 
January 2020to December 2021.Variables employed in the assessment were cow daily milk yield (DMY), number of 
daily milkings / cow, individual cow somatic cell count (SCC), proportion of cows with elevated somatic cell count 
(ELSCC) / month, proportion of cows with chronically ELSCC (ChrELSCC) / month and number of new ELSCC 
(NewELSCC)cases per 100 cows / month. Two years’ mean milking frequency was 2.72milkings / cow / day, ranged 
from 2.47 to 2.98, and decreased from 2020 to 2021. Mean cow SCC was 193,000 cells/mL, ranged from 70,000 to 
260,000 cells/mL, and increased from 2020 to 2021.Meancow DMY was 37.2kg, ranged from 29.6 to 43.6 kg. Heif-
ers had lower mean SCC than cows and mean SCC increased from early to late lactation stages. On a monthly basis, 
37.06% and 40.06% of the cows were ELSCC in 2020 and 2021, respectively, and most of them were chronic. The 
highest ELSCC was observed in late lactation stage. Fresh cows presented the highest number of New ELSCC / 100 
cows / month, both years of the study. Overall udder health in the four automatic milking farms of this study was better 
than conventional farms in Greece. Precision dairy farming should utilize daily milking data for data-driven manage-
ment, monitoring of chronically ELSCC, and early detection, treatment and prevention of new infections. 
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INTRODUCTION

Automatic milking is an important step towards 
precision dairy farming and is increasingly ad-

opted by dairy farmers. The first commercially avail-
able automatic milking systems (AMS) were intro-
duced in the Netherlands in 1992. By 2017, around 
38000 AMS had been installed, mostly in dairy farms 
of Western Europe and North America (Hallen Sand-
gren and Emanuelson, 2017). The global milking ro-
bots market worth was estimated at USD 1.25 billion 
in 2019 and is expected to reach USD 2.94 billion 
by 2027 (Fortune Business Insights report, 2019). 
The first AMS in a Greek dairy farm was deployed in 
2016. By the end of 2021, the total number of cattle 
dairy farms converted to AMS has reached 21. 

Milking procedure consumes about 25% to 35% 
of the annual labor time in conventional milking 
systems (de Koning, 2010). Reduction of time spent 
on repetitive manual tasks, difficulties regarding the 
availability and cost of competent labor force and 
the need for higher productive efficiency with low-
er inputs lead to an increasing demand for automatic 
milking. AMS could increase milk production by up 
to 12% and decrease labor by up to 18% (Jacobs and 
Siegford, 2012). A single AMS unit typically services 
50 to 70 animals. Multiple units are used to service 
larger herds. To achieve optimal efficiency an AMS 
unit should be occupied approximately 80% of a 24-
hour period for milking (Penry et al., 2018). Hitherto, 
AMS are mostly used in indoor housing systems, but 
there is an increasing interest for the integration of 
AMS into pasture-based systems (John et al., 2016). 
In Greece, all AMS were installed in farms with in-
door housing systems.

Conversion from conventional to automatic milk-
ing, also referred to as robotic milking, comes with 
several challenges for herd health and farm manage-
ment. Factors related to the environment, cow, and 
milking could affect udder health (Lievaart et al., 
2007). Several studies reported deterioration of ud-
der health, milk quality and decrease in milk yield 
after the conversion (Klungel et al., 2000; Rasmus-
sen et al., 2001; Kruip etal., 2002; De Koning, 2004; 
Mulder et al., 2004; Poelarends et al., 2004; Rasmus-
sen, 2006).Over the first year after the introduction 
of AMS, Hovinen et al. (2009) recorded an increase 
in mean cow somatic cell count (SCC) and propor-
tion of new high-SCC cows, especially during a two 
to three months’ adaptation period. Rasmussen et al. 
(2001) recorded a sudden increase in new elevated 

SCC cows, simultaneously with the conversion to 
robotic milking and a slow decrease after 3 months. 
Proportion of new elevated-SCC cows among cows at 
risk remained high throughout the first year, but also 
four years after the introduction of AMS (Rasmussen, 
2006).

Poor udder health before the introduction to ro-
botic milking leads to lower chances of having good 
udder health after the conversion (Neijenhuis et al., 
2010). Regarding Greek dairy farms with convention-
al milking, in a four-year retrospective study, Themis-
tokleous et al. (2019) recorded poor udder health. One 
in three cows had elevated SCC, with most of the new 
infections occurring in the first 60 days in milk and 
a high proportion of heifers with elevated SCC. Due 
to these findings and the reported deterioration of ud-
der health after the conversion to robotic milking, we 
conducted the first investigation of dairy cows’ udder 
health in Greek farms with AMS. 

This study aims to present the first insight into 
udder health of dairy cows in four Greek farms with 
automatic milking systems, throughout a two-year 
period. Utilizing daily milking data from the AMS, 
our study presents individual cow somaticcell count, 
daily milk yield per cow, daily milking frequency per 
cow, proportion of cows with elevated SCC (new and 
chronic), regarding herd, lactation period and lacta-
tion stage groups, during 2020 - 2021.

MATERIALS AND METHODS

Farms’ profile
Four farms with Holstein dairy cows and auto-

matic milking systems participated voluntarily in 
the present study, from the 1st of January 2020 until 
the 31st of December 2021. Mean herd size was 186 
(±30) cows, with a mean of 156 (±25) milking cows, 
serviced by 2 to 3 robotic arms, accordingly, installed 
in respective number of milking barns with free flow 
cow traffic. Each robotic arm serviced a mean of 62 
(±5) cows. The robot types installed in the farms were 
Lely Astronaut A4 and Lely Astronaut A5 Automatic 
Milking Systems (Lely HoldingB.V., Maassluis, the 
Netherlands). All cows were fed a partial mixed ration 
and extra concentrates were fed according to their 
milk yield at the automatic milking system. Milking 
cows were housed in free-stall barns. Rubber mattress 
beds were used, cleaned once or twice a day. Number 
of stalls per barn was sufficient, with 76 to 93% of the 
stalls occupied. Manure removal from the barn floor 
was carried out by automatic scrapers at least 3 to 4 
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times a day. The area around the robot was cleaned by 
workers once or twice a day. 

Different dry-off and dry cow therapy protocols 
were applied from farm to farm. Blanket dry cow 
therapy without teat sealants was applied in three 
farms, while selective dry cow therapy with blanket 
use of teat sealants was applied in the fourth farm. 
Udder hair was not trimmed or singed, and tails were 
not trimmed, although it is a standard procedure for 
robotic milking. Cows were visually inspected in the 
barn at least twice a day by the farmers. Udder health 
related notifications were checked once or twice 
a day. Monthly clinical mastitis cases varied from 
one to five, according to the farmers. Percentage of 
three-quarter cows varied from 1 to 6%of the milked 
cows. Number of cows culled due to mastitis varied 
from 0 to 3.Only one of the farms had milk samples’ 
bacteriological analysis results from high SCC or 
mastitis cows, during the last year. None of the farms 
had separate milking facility for treated/sick/fresh 
cows.

Datasets and data analysis
In the present retrospective study, data related to 

udder health and milk quality derived from milking 
records during the study period. On a daily basis, in-
dividual cow milk data from the robotic milking sys-
tems were stored in Lely T4C database (Lely Holding 
B.V., Maassluis, the Netherlands). In total, 275,025 
daily milking recordings were utilized. The variables 
obtained from each daily milking recording for each 
cow were cow ID and date of recording, lactation pe-
riod, days in milk (DIM), daily milk yield (DMY), 
number of milkings / cow / day, and a mean number 
of SCC from all milkings /cow / day.

Udder health metrics were calculated from raw 
data. These metrics included monthly proportion of 
elevated SCC cows (ELSCC), monthly proportion 
of chronically elevated SCC cows (ChrELSCC) and 
number of new elevated SCC (New ELSCC) cases per 
100 cows per month. A cow was recorded as ELSCC 
when the mean daily SCC was >150,000 cells/mL 
for at least two successive days within a month. 
ELSCC cows for ≥2 successive months were record-
ed as ChrELSCC. New ELSCC were cows recorded 
as ELSCC on a certain month that were not ELSCC 
during the previous month. Monthly proportions and 
yearly mean proportions of ELSCC, ChrELSCC and 
NewELSCC cows were calculated for herd, lactation 
period and lactation stage groups. 

Data analysis involved herd, lactation period and 
lactation stage groups. Lactation period groups in-
cluded “heifers” (1st lactation) and “cows” (≥2nd lac-
tation). Lactation stage included “fresh” (5-30 DIM), 
“early lactation” (31-100 DIM), “mid-lactation” 
(101-200 DIM), “late lactation” (201-305 DIM) and 
“prolonged lactation” (>305 DIM). For each farm, 
Pearson correlation analysis was performed on daily 
recordings between DMY, number of daily milkings 
/ cow and individual cow SCC in SPSS (IBM Corp. 
Released 2020. IBM SPSS Statistics for Windows, 
Version 27.0. Armonk, NY: IBM Corp). Udder health 
metrics’ mathematical formulas were transformed in 
Python functions, applied on each farm’s dataset, us-
ing Python programming language (Python Software 
Foundation, https://www.python.org/). Microsoft Ex-
cel® (MicrosoftCorporation. Microsoft Office 365, 
Retrieved from https://it.auth.gr/el/cloudServices/of-
fice365) was used for the presentation of the results. 

RESULTS

Daily Milk Yield and Milking Frequency
In 2021, mean cow 305-days milk yield was 10,522 

kg, 10,095 kg, 12,383 kg and 11,956 kg in farms A, B, 
C and D, respectively. Four farms’ two-years’ mean 
cow DMY was 37.2 kg, ranged from 29.6 to 43.6 kg, 
and decreased from 2020 to 2021. Number of fetch 
cows reported by the farmers was 0 to 1 in farms A, 
C and D, but 10 in farm B. In farm B mean cow daily 
milk yield increased from 2020 to 2021, in farms C 
and D it remained the same and in Farm A it decreased, 
at herd, cows’ and heifers’ groups. Four farms’ two-
years’ mean milking frequency was 2.72 milkings / 
cow / day, ranged from 2.47 to 2.98, and decreased 
from 2020 to 2021.Regarding lactation stage groups, 
milking frequency increased between fresh and ear-
ly lactation, slightly decreased in mid-lactation and 
decreased in late lactation and prolonged lactation 
stages. These results are presented in Table 1.Pearson 
correlation coefficients (p < 0.001) between daily cow 
recordings of DMY and number of daily milkings per 
cow for 2020 and 2021, respectively, were 0.468 and 
0.534 in Farm A, 0.526 and 0.398 in Farm B, 0.138 
and 0.225 in Farm C and 0.428 and 0.471 in Farm D.

Somatic Cell Count
Four farms’ two-years’ mean cow SCC was 

193,000 cells/mL, ranged from 70,000 to 260,000 
cells/mL, and increased from 2020 to 2021.At herd 
level, mean individual cow SCC of farms A, C and 
D was approximately three times higher than farm B, 
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both years of this study. There was an increase in mean 
cow SCC of farms A and C from 2020 to 2021, while 
farms B and D remained the same. Both years, heifers 
had a lower mean SCC than cows in farms A, C and 
D, but higher in Farm B. Fresh cows in farms A, C 
and D had higher mean individual SCC than farm B, 
both in 2020 and 2021. Two-years’ mean SCC gradu-
ally increased from early to late lactation, in farms A, 
C and D. In late lactation, mean SCC in farms A, C 

and D was four times higher than farm B. In farm C, 
two-years’ mean individual SCC at prolonged lacta-
tion was twice as high as early lactation. These results 
are presented in Table 1.Pearson correlation coeffi-
cients (p < 0.001) between daily cow recordings of 
DMY and individual cow SCC for 2020 and 2021, re-
spectively, were -0.122 and -0.179 in Farm A, -0.128 
and -0.162 in Farm B, -0.179 and -0.149 in Farm C 
and -0.075 and -0.126 in Farm D.

Table 1: Milking descriptive statistics of the four farms enrolled in the study, during 2020 and 2021

On a yearly basis, four farms’ mean number of milkings / cow / day, mean daily milk yield per cow (DMY - kg), mean cow somatic cell 
count (SCC) (x1000 cells / mL). These descriptive statistics refer to herd, lactation period groups [“heifers”: 1st lactation period, “cows”: 
≥2nd lactation period] and lactation stage groups [“fresh”: 5 -30 days in milk (DIM), “early”: 31-100 DIM, “mid”: 101-200 DIM, “late”: 
201-305 DIM, “prolonged”: >305 DIM]. Two-years’ mean milking descriptive statistics are presented (“Mean2020-2021”).
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Elevated Somatic Cell Count, Chronic and New
 Udder health metrics, presented in Table 

2, followed similar trends as individual SCC. From 
2020 to 2021, farms A and C had an increase in the 
proportion of ELSCC cows, while farms B and D had 
a decrease. In 2021, in farms A, C and D, half of the 
animals presented an elevation of mean daily SCCfor 
≥2 successive days at some point within a month, and 
one out of three remained ChrELSCC. On a month-
ly basis, 11 out of 100 animals were NewELSCC in 
2021. In the same year, proportion of ChrELSCC in 
farms A, C and D was approximately 6 times higher 
than farm B. All farms presented an increase in New-
ELSCC from 2020 to 2021.

 In farm B heifers had higher ELSCC and 
ChrELSCC than cows, both in 2020 and 2021. Half of 
these ELSCC heifers were chronic. In the same farm, 
heifers had higher NewELSCC than cows in 2021. A 
deterioration of udder health metrics was observed in 
farms A and C, regarding lactation period groups. In 
farm A, 2020, one third of heifers was ELSCC and 

one fourth was ChrELSCC, with an increase in 2021.
Heifers’ NewELSCC increased from 2020 to 2021, 
almost reaching cows’ NewELSCC in 2021. In farm 
C, heifers’ NewELSCC increased from 2020 to 2021, 
surpassing cows’ NewELSCC in the second year of 
the study. In farm D, 63.30% of the cows presented 
elevated SCC for ≥2 successive days in 2020. Most of 
these cows were ChrELSCC (Table 2).

 Fresh cows had the highest NewELSCC 
among all lactation stages’ groups, in all farms, both 
years of the study. A decrease in the proportion of 
ELSCC was observed from fresh to early lactation 
but increased from mid-lactation to late lactation. An 
increase in NewELSCC was observed from mid to 
late lactation, in 2021. In the same year, one in four 
fresh cows started her lactation period with ELSCC. A 
high proportion of ChrELSCC in late and prolonged 
lactation stages was recorded in farms A, C and D. In 
farm B, an improvement of udder health metrics was 
recorded in most of the lactation stage groups from 
2020 to 2021 (Table 2). 

Table 2: Udder health metrics of the four farms enrolled in the study, during 2020 and 2021

Yearly mean proportion of cows with mean daily somatic cell counts >150,000 cells/mL for at least two successive days within 
a month, called elevated somatic cell count cows (ELSCC). Yearly mean proportion of ELSCC cows for two or more successive 
months, called chronically ELSCC cows (ChrELSCC). Yearly mean number of ELSCC cows on a cer-tain month that were not 
ELSCC during the previous month, called new ELSCC cows (NewELSCC) per 100 lactating cows per month. These metrics refer 
to herd, lacta-tion period groups [“heifers”: 1st lactation period, “cows”: ≥2nd lac-tation period] and lactation stage groups [“fresh”: 
5 -30 days in milk (DIM), “early”: 31-100 DIM, “mid”: 101-200 DIM, “late”: 201-305 DIM, “prolonged”: >305 DIM].Four farms’ 
yearly mean udder health metrics are presented (“Mean 2020”, “Mean 2021”).
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DISCUSSION
In 2016, the first AMS was installed in a Greek 

dairy farm. Ever since, many dairy farms have con-
verted to robotic milking, making AMS one of 
the main investment trends in cattle dairy farms of 
Greece. According to Hovinen and Pyörälä (2011) 
udder health of dairy cows milked automatically not 
only had not improved, but, on the contrary, certain 
problems appeared after the transition from conven-
tional to robotic milking. Neijenhuis et al. (2010) 
supported that herds with poor udder health before 
the conversion to AMS were less likely to have good 
udder health after this change. In a four-year study 
of dairy farms with conventional milking systems in 
Greece, Themistokleous et al. (2019) reported poor 
udder health, affecting cows’ productive longevity 
and milk quality. These facts underlined the necessi-
ty of an investigation of udder health traits in Greek 
dairy farms with AMS.

Udder health and traits of cow productivity in the 
four robotic farms enrolled in this study were better 
than farms with conventional milking systems report-
ed by Themistokleous et al. (2019). In 2021, mean 
cow 305-days milk yield in these AMS farms was 
17% (1,631 kg) higher than conventional farms in 
2018. Two-years’ mean DMY of all four farms of our 
study was higher than mean DMY found by Kruip et 
al. (2002) and Castro et al. (2012), while three of the 
four farms had higher DMY than mean milk yield in 
Tse et al. (2018) (Table 1). Two-years’ mean daily 
milkings / cow in the four farms varied from 2.56 to 
2.87 (Table 1), considered good in comparison with 
similar studies (Pettersson et al., 2011; Castro et al., 
2012; Tse et al. 2018). Increased milking frequency in 
AMS is expected to have a positive impact on DMY 
(de Koning, 2004; Pettersson et al., 2011; Hart et al., 
2013; Hogenboom et al., 2019).

The DMY - milkings / cow / day correlation co-
efficients (p < 0.001) showed a positive relationship 
between DMY and number of daily milkings per cow 
in all four farms, both 2020 and 2021. Siewert et al. 
(2018) analyzed longitudinal AMS daily data and 
found a positive association between DMY per AMS 
and milking frequency. Higher milking frequency 
leads to shorter milking intervals, which, in turn, are 
related to higher milk production per cow per hour 
(Hogeveen et al., 2001). Shorter milking intervals due 
to more frequent milking and better overall manage-
ment of the four AMS farms of our study could have 
contributed to higher milk yields. However, the de-

crease observed in milking frequency from 2020 to 
2021 could be a matter of concern that needs further 
evaluation.

 Mean SCC of herd, lactation period and lactation 
stage groups, presented in Table 1, was lower than 
the somatic cell scores’ equivalent of the respective 
groups in conventional farms (Themistokleous et al., 
2019). In three of the four farms mean cow SCC in-
creased at herd level from 2020 to 2021. A SCC in-
crease from early to late lactation was recorded in 
these farms, both years of the study. This fact, along 
with the wide standard deviations of mean SCC are in-
dicative of a dispersion among individual cows’ mean 
SCC, which possibly means that numerous cows had 
elevated mean SCC for long periods, in agreement 
with the proportions of ELSCC and ChrELSCC pre-
sented in the paragraphs below. 

Within 24 months after the conversion to AMS, 
Tse et al. (2018) found that bulk tank SCC increased 
in 24% of the farms, decreased in 42% and stayed the 
same in 35% of them. Mean bulk tank SCC in the 
same study was 188,000 cells/mL. Rasmussen et al. 
(2001) found an increase in mean SCC the first year 
after the introduction of AMS and a somatic cell score 
of 5.28, which is worse than the results of the four 
Greek AMS farms. In a Czech study, Janštová et al. 
(2011) found a mean SCC of 221,000 cells/mL. Kruip 
et al. (2002) supported that SCC were significantly 
increased in AMS farms and that this is potentially a 
matter of concern. Klungel et al. (2000) and de Kon-
ing (2004) reported slightly higher SCC in automatic 
milking compared to conventional farms. The latter 
found a mean SCC of 190,000 cells/mL, almost equal 
to the four Greek AMS farms’ mean. 

The DMY - SCC correlation coefficients (p < 
0.001) showed a negative relationship between DMY 
and individual cow SCC in all four farms, both 2020 
and 2021. Higher SCC leads to loss in milk yield and, 
thus, lower production efficiency (Philpot, 1984). 
Cows with high SCC produce a lower milk volume 
than cows with low SCC and there is a negative cor-
relation between total milk volume produced and 
SCC of milk. Intramammary infections may reduce 
milk yield through chronic damage to mammary se-
cretory cells, but even in short-duration infections 
with no permanent damage, metabolic resources may 
be diverted from milk production to immune defense 
(Green et al., 2006). In our study, the increase in mean 
SCC observed in three of the four farms from 2020 to 
2021 implies a necessity for further evaluation of this 
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situation. Data-driven management and farm-specific 
interventions need to be applied to prevent deteriora-
tion. 

Metrics of udder health in Greek AMS farms, are 
presented in Table 2. Proportion of ELSCC cows was 
high, both at herd level and among lactation groups 
(heifers and cows). The majority of those cows were 
ChrELSCC. Number of NewELSCC cows was high 
in the fresh cows’ stage and both in cows’ and heifers’ 
groups. Mean proportion of ELSCC cows in three of 
the four AMS farms, presented in Table 2, was high-
er than the mean of conventional farms presented by 
Themistokleous et al. (2019). In the present study, the 
cut-off value for a cow to be classified as ELSCC was 
150,000 cells/mL, instead of 250,000 cells/mL used 
in Themistokleous et al. (2019). Also, daily milking 
data from the robots provide a more sensitive meth-
od, compared to the once-a-month sampling method 
in conventional farms, partially explaining this result. 

Hovinen et al. (2009) reported a higher proportion 
of cows at risk for elevated SCC in herds with AMS 
and an increase in the proportion of ELSCC cows. 
Rasmussen et al. (2001) observed a sudden and sig-
nificant increase in newly elevated SCC cows during 
the first year of automatic milking, more new infec-
tions than conventional milking systems and an over-
all ELSCC proportion of 39.3% after the conversion 
to AMS. This result is very similar to the four farms’ 
mean proportion of ELSCC, 2020 and 2021, present-
ed in Table 2. 

In both studies of robotic and conventional sys-
tems in Greece the highest NewELSCC appeared in 
the fresh cows’ group, indicating similar problems in 
the dry period and calving management.High number 
of new cases among fresh cows, might have been due 
to inadequate conditions and management of the dry 
period and calving. These problems also reflected on 
the increasing proportion of ELSCC and ChrELSCC 
during successive lactation stages, leading to a cli-
max in late and prolonged lactation. A similar build-
up trend of these metrics during successive lactation 

stages was observed between robotic and convention-
al systems. The lack of proper protocols for early de-
tection and prevention of new cases of elevated SCC 
might have led to chronic udder health problems and 
the deterioration of udder health in late lactation.

CONCLUSIONS AND 
RECOMMENDATIONS

Udder health in the four automatic milking farms 
of this study was better than conventional farms in 
Greece (Themistokleous et al., 2019). Two-years’ 
mean cow somatic cell count was 193,000 cells/mL, 
lower than conventional farms, mean cow daily milk 
yield was 37.2 kg and milking frequency was 2.72 
milkings / cow / day. However, the decrease in the 
number of daily milkings per cow and the increase 
in SCC, from 2020 to 2021, is a matter of concern. 
Proportion of elevated SCC cows was high, and most 
of these cows appeared to have a chronic problem. 
Udder health metrics appeared problematic since the 
1st lactation period (heifers). Fresh cows had the high-
est number of new elevated SCC cases per 100 cows 
per month. 

AMS dairy farmers in Greece should focus on 
more effective utilization of daily milking data, mon-
itoring of chronic cases, early detection and treatment 
of subclinical mastitis. Management of the dry peri-
od and calving should be optimized. The reduction of 
SCC and improvement of udder health could lead to 
higher milk yields, better milk quality and optimal ef-
ficiency of the automatic milking systems.
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