
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tjas20

Italian Journal of Animal Science

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tjas20

The use of integrated data collection system to
evaluate milking performance, microclimatic
condition and cows’ behaviour

Stefania Celozzi , Maddalena Zucali , Luciana Bava , Francesco Maria
Tangorra , Lucio Zanini , Alberto Tamburini & Anna Sandrucci

To cite this article: Stefania Celozzi , Maddalena Zucali , Luciana Bava , Francesco Maria
Tangorra , Lucio Zanini , Alberto Tamburini & Anna Sandrucci (2020) The use of integrated data
collection system to evaluate milking performance, microclimatic condition and cows’ behaviour,
Italian Journal of Animal Science, 19:1, 856-864, DOI: 10.1080/1828051X.2020.1805034

To link to this article:  https://doi.org/10.1080/1828051X.2020.1805034

© 2020 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 14 Aug 2020.

Submit your article to this journal 

Article views: 168

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tjas20
https://www.tandfonline.com/loi/tjas20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1828051X.2020.1805034
https://doi.org/10.1080/1828051X.2020.1805034
https://www.tandfonline.com/action/authorSubmission?journalCode=tjas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tjas20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/1828051X.2020.1805034
https://www.tandfonline.com/doi/mlt/10.1080/1828051X.2020.1805034
http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2020.1805034&domain=pdf&date_stamp=2020-08-14
http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2020.1805034&domain=pdf&date_stamp=2020-08-14


PAPER

The use of integrated data collection system to evaluate milking
performance, microclimatic condition and cows’ behaviour

Stefania Celozzia, Maddalena Zucalia , Luciana Bavaa , Francesco Maria Tangorrab , Lucio Zaninic,
Alberto Tamburinia and Anna Sandruccia

aDipartimento di Scienze Agrarie e Ambientali, Universit�a degli Studi di Milano, Milano, Italy; bDipartimento di scienze veterinarie per
la salute, la produzione animale e la sicurezza alimentare “Carlo Cantoni”, Universit�a degli Studi di Milano, Milano, Italy;
cAssociazione Regionale Allevatori della Lombardia, Crema, Italy

ABSTRACT
Optimal milking management leads to an increase in production efficiency while respecting ani-
mal welfare and health. Not all farms can equip themselves with high level technological sys-
tems for economic, generational and structural reasons. The aim of the study was to assess
milking performances, cow behaviour and microclimatic condition in farm areas using an inte-
grated data collection system based on surveys and low-cost sensors. The use of video record-
ings and mobile electronic flowmeters highlighted significant differences between farms that
milked two and three times a day. Milking efficiency parameters (cow/hour; cows/stall per hour;
milk/hour; milk/stall per hour) were calculated. In particular, the milk/stall per hour parameter
emerged as the most interesting. Animal stay time, defined as the time running from when
cows are moved from the housing to the beginning of the milking, was calculated and the
highest value (76.3minutes) was observed in farms with more than 10 stalls/row. Hobo pendant
sensors were used in order to evaluate cows lying behaviour: no differences were observed
between farms that milked two and three times a day (11.3 vs 11.0 h/d of lying). Microclimatic
conditions were influenced by both the season (p< .001) and farm areas (p< .05) (holding area,
milking parlour, housing area). Light intensity in milking parlour emerged as a critical point; fur-
ther research is needed to understand the relation with udder hygiene and health. The integra-
tion of manual measurements with the use of low-cost sensors allowed to monitor the
efficiency of the process and microclimatic condition in farm areas.

HIGHLIGHTS

� The integration of manual measurements and low-cost sensors was tested
� Different parameters can be used to monitor milking efficiency
� Light intensity in milking parlour emerged as a critical point
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Introduction

The use of technology is of great importance in large
dairy cattle farms (Abeni et al. 2019), as it provides an
individual or ‘per animal’ management approach
(Halachmi and Guarino 2016). The expected increase
in the number of dairy cows will require an efficient
management of the milking process (O’Brien
et al. 2012).

Different kind of technologies can be used to moni-
tor and improve milking efficiency. Milking efficiency
can be considered as a combination of different fac-
tors, such as proficiency of the milker, operation of
the milking equipment and cow factors (that include

udder shape, temperament and physiological traits)
(Ginsberg, 2011). An efficient milking process is one in
which the milking unit number allows a correct work-
ing routine and cow milk production level, in order to
minimise over-milking and operator idle time (O’Brien
et al. 2012). There are different parameters for the
assessment of milking parlour performances such as
cows milked/hour, milk yield/hour, milk yield/stall, or
milk yield/stall per hour. Among these parameters, the
latter seems to be the most important one; several
studies showed that it neutralises the effects of the
size of the milking parlour and of the number of
milkers. Reid and Stewart (2007) observed that farms
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with herds milked three times a day reached an over-
all parlour performance of 55 kg milk/stall per hour.
Smith et al. (2005) observed that applying minimal or
full milking routine procedures (forestripping, pre-dip-
ping, wiping and attaching the milking unit) can have
an impact on milking efficiency. In particular, the num-
ber of cows milked per stall per hour decreased (from
5.8 to 5.3) when full milking routine procedures (pre-
dip, strip and wipe, units attach) were adopted com-
pared to the minimum ones (strip or wipe and
units attach).

The use of technology can help to increase produc-
tion efficiency while respecting animal welfare and
health requirements (Hartung et al. 2017); in this con-
text it is useful to monitor the lying behaviour. This
behaviour has proved to be an important animal
based parameter for evaluating health status, well-
being and productive potential of dairy cattle bred in
intensive systems (Bewley et al. 2010; Mattachini et al.
2013; Vasseur et al. 2012). Several studies showed dif-
ferences in the resting behaviour of cows milked two
and three times a day. €Osterman and Redbo (2001)
argued that more frequent milking (n¼ 3) causes an
increase in resting time in the hours before milking,
probably due to lower udder pressure in comparison
to cows milked twice a day. However, if a time span
of 24 hours is considered, the differences between the
two milking frequencies are zeroed. This may be due
to the fact that cows milked twice a day compensated
for the lower rest at other times of the day, although
it is still unclear whether cows housed and fed indoors
are able to adjust their resting pattern to compensate
for the extra time required for milking (Hart et al.
2013). Resting behaviour depends on a variety of fac-
tors such as quality of stalls (Ito et al. 2009), stall size
and configuration (Tucker et al. 2004), climate condi-
tions (Allen et al. 2015) and the floor cleaning (Chen
et al. 2017).

Milking management choices can also influence the
time spent by cows in different areas of the farms
(holding area, milking parlour, housing area), where
microclimatic conditions can be different and promote
or relieve heat stress for cows. THI (Temperature
Humidity Index) is one of the most used indicators for
the evaluation of the microclimatic conditions in dairy
cattle farms. This parameter is a bioclimatic index that
combines temperature and humidity in a unique
value, allowing to assess whether environmental con-
ditions meet the thermoneutrality thresholds of dairy
cows (Bohmanova et al. 2007).

In order to guarantee health and well-being of
dairy cows, also the housing environment lighting

intensity and duration play an important role (Penev
et al. 2014). As highlighted by Cockcroft (2015), cows
should be exposed to a light intensity of 200 lux per
16–18 hours in order to benefit from the positive
effects of long-day photoperiod on milk production.

It must be considered that not all farms can equip
themselves with high level technology for Precision
Livestock Farming (PLF) systems for several reasons:
economic, generational, structural. Therefore, the inte-
gration of manual surveys with the use of low-cost
sensors could provide a solution to monitor the pro-
duction process and highlight critical issues.

The aim of the study was to assess milking per-
formances, cows’ behaviour and microclimatic condi-
tion in farm areas, using an integrated data collection
system, based on surveys and low-cost sensors. This
evaluation was performed in order to underline the
most critical points of milking efficiency, milking man-
agement and microclimatic conditions that can com-
promise farmer profitability and animal health
and welfare.

Materials and methods

Housing and milking management

This field study involved eight commercial dairy farms
in northern Italy during 2 different seasons (summer
and winter). In this geographical area the type of
farming is intensive and characterised by a high num-
ber of heads that do not have access to summer graz-
ing (Table 1). The average herd size was 150 ± 71.7
lactating cows, housed in freestall barn with individual
cubicles covered with a straw or coconut fibre bed-
ding or rubber mattresses. All the farms were
equipped with fans: in particular, 6 farms had fans in
all barn areas (housing area, holding area and milking
parlour), 2 farms had fans only in the housing area.
Cows were milked with a conventional system in milk-
ing parlours; the majority of the farms (n¼ 6) had a
herringbone milking parlour with on average 17.6
stalls, whereas the remaining farms (n¼ 2) had a

Table 1. Milking parlour characteristics of the 8 dairy farms
involved in the study.

A B C D E F G H

Lactating cows n 160 270 100 100 250 90 130 100
Milking groups n 4 3 4 2 3 3 2 3
Milking parlour type H H H H P H H P
Milking stalls n 16 20 12 20 20 14 24 16
Stalls per row n 8 10 6 10 10 7 12 8
Daily milking n 3 3 2 2 3 2 2 2
Milkers n 1.68 1 1 1 1.54 1 1 2
Medium vacuum level kPa 36.2 36.0 39.0 37.4 40.1 38.0 38.1 30.9

H¼ herringbone; P¼ parallel
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parallel milking parlour, with an average number of
stalls of 18. Milking frequency was different: three
farms milked three times a day with an average num-
ber of milkers of 1.41, the remaining five milked twice
daily, with on average 1.2 milkers. The holding area
was on average 79.1 ± 24.3 m2. Milking groups ranged
from 2 to 4, with different grouping criteria (stage of
lactation, parity, health status).

Data collection

Evaluation of milking task timing
Mobile electronic flowmeters (Lactocorder) were used
in order to evaluate (25.1 ± 6.23% of the total milking
cows) the duration of udder preparation before the
cluster attachment (TS500), total milking time, milk
flow phases and bimodality of the milk flow curves as
reported by Tamburini et al. (2010). The stimulation
time of the mammary gland corresponds to the time
between the first teat touch by the milker and the
cluster attachment.

Video recordings of two morning/afternoon milking
sessions were performed in all farms through a fixed
camera unit (Earthtree, TC800) positioned in the milk-
ing parlour. From the video recordings it was possible
to calculate the duration of the different milking rou-
tine task phases: udder preparation or teat stimulation
including forestripping, pre-dipping, drying, cluster
attachment, and post-dipping. The preparation time
per row was also calculated.

Movement and waiting times of 1218 lactating cows
were monitored, adapting a milking task timing evalu-
ation form developed by University of Winsconsin-
Madison, Milking Research and Instruction Lab (2003).
This method requires the measurement of the duration
of different operations (opening exit gate, beginning
first cow udder preparation, last milking unit attached
and detached, first and last cow post dipped) per-
formed during the milking process with a stopwatch
only at one side of the milking parlour. The time assess-
ment was performed for each milking group. Entry
time was calculated as the time interval between open-
ing exit gate and beginning first cow udder preparation
of the following side. The stay time, defined as the time
that starts when cows are moved from the housing to
the beginning of the milking, was recorded for each
milking group (G1-G2-G3); it gives a measure of the
waiting time of the animals before milking.

Evaluation of cow resting behaviour
The resting behaviour of 36 cows (9 cows from 4
farms) was investigated using an electronic data log-
ger (Hobo pendant G Acceleration Data Logger, Onset

Computer Corporation, Pocasset, MA) between May
and June 2019. The data logger is a 3-axis accelerom-
eter with ±3 g measurement range. It was attached to
the lateral side of the hind leg of each cow for 8 days
and positioned with the x-axis perpendicular to the
ground and pointing towards the back of the cow
(dorsal direction). When milking parlour was parallel,
the device was allocated on the right leg, while in the
herringbone parlour the device was installed on the
left/right leg depending on the cow entrance side.
The logger recorded the g-force on the x, y and z-axes
at 1min intervals (Ito et al. 2009). Using the
HOBOware software, the g-force readings were con-
verted in degrees of tilt and exported into Microsoft
Excel (Microsoft Corporation, Redmond, WA, USA).
According to Ito et al. (2009) the cow lying position
was determined evaluating the degree of vertical tilt
(y-axis). In particular, readings <60� were associated
with the cow in standing position, while readings
�60� indicated the cow lying down. The total resting
time, expressed as a percentage on the total daily
time and in minutes, was calculated for each milking
group, as a function of the number of daily milkings
and for different times of the day (1 hour before each
milking, during milking and during the rest of the
day). While processing the data, the feed administra-
tion was taken into account as a disturbing factor (the
feed was administered twice daily in two farms and
once a day in the other two).

Assessment of environmental conditions
Environmental conditions were measured in three dif-
ferent areas (holding area, milking parlour and hous-
ing area) for each of the 8 farms, by using a HOBO
data logger, during Summer and Winter. This device
recorded temperature in a range from �20 to 70 �C,
relative humidity, from 5 to 95% and light intensity,
from 1 to 4500 footcandles/lumens. These parameters
were recorded for one week at 5minutes intervals,
and the Temperature-Humidity Index (THI) was calcu-
lated as follows (Segnalini et al. 2013):

THI ¼ 1:8� ATþ 32ð Þ– 0:55–0:55� RH=100ð Þð Þ
� 1:8� ATþ 32ð Þ –58ð Þ

where:

AT¼Ambient Temperature (�C)
RH¼ Relative Humidity (%)
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Statistical analysis

The whole dataset – including farm characteristics,
milking management, milk flow parameters, animal
behaviour and environmental condition – was ana-
lysed using SAS software (Version 9.4, 2012). Proc GLM
were used in order to describe the data and to evalu-
ate their relationship with the number of milkings (2
vs 3) and milking parlour size (<10 stalls/side vs> 10
stalls/side). The model used included the effects of the
number of milkings and milking parlour size.

GLM procedure was also used to test the differen-
ces among seasons and between farm areas (holding
area, milking parlour, housing area) of environmental
conditions. The model used was the following:

Yijk ¼ lþ Ai þ Sj þ TNij þ eijk

where;

Yijk ¼ dependent variables
l ¼ overall mean
Ai ¼ farm area (i¼holding area, milking parlour, hous-
ing area)

Sj ¼ season (j¼winter–summer)
TNij ¼ farm area�season
eijk ¼ residual error.

Result and discussion

Milking performances evaluation

Video recordings during milking sessions were per-
formed in each farm. Based on video recordings the
duration of milking procedures was measured, as
reported in Table 2. Video recordings can be helpful
because they do not require the presence of an exter-
nal operator: milking routine can be therefore
observed as milkers normally practice it. Milking rou-
tine was different between farms, both in terms of
duration and the kind of operations performed.

Milking time, including preparation routine and milk
emission time, was 7.72 ± 1.03min. Forestripping pro-
cedure – which is essential to check milk status, as
indicator of udder health, and to remove milk with
the highest bacterial content and somatic cell count
(Harmon 1994) – was not performed by all farms
involved in the study (farms performing forestripping
n¼ 6), probably because it is considered as a time-
consuming and expensive practice. Drying procedure,
which is useful to remove pre-dipping detergent and
to avoid milk contamination through bacteria pres-
ence on the teat surface, resulted to be the most time
consuming operation (6.27 ± 2.83 s). Total preparation
time per cow was determined by the sum of different
factors such as the number of operations performed,
and how fast and scrupulous the workers are (Smith
et al. 2005); a complete udder preparation (pre-dip-
ping, washing, forestripping, postdipping) can improve
hygienic milk quality, as reported by Bava et al. (2017).
Total stimulation time, as the time from the first touch
of the teat till the attach of the cluster, is a function
of total preparation time per cow and the moving
time of the milker. Total stimulation time can easily be
measured using Lactocorder, with the presence of an
operator, considering the TS500 parameter, even if
that parameter includes also the time to reach a milk
flow of 500 g/min. The time between the end of the
stimulation and the attachment is crucial: as reported
by Sandrucci et al. (2007) it has to be longer than
60 seconds. On the other hand, a delayed attachment
causes a transient reduction of oxytocin concentration
in the first minutes of milking (Bruckmaier 2001). An
excessive delay between the activation of milk ejec-
tion reflex and milk evacuation from the udder can
negatively affect milk removal resulting in milk reflux
to the ductal and alveolar compartments (Caja et al.
2004). If the delay is longer than 180 seconds, milk
production can be reduced and residual milk can be
increased. As reported in Table 2, the total stimulation

Table 2. Duration of milking operations (Least Square Means-LSM) in 8 farms with different milking frequency (2 vs 3 milkings/
day) or different milking parlour size (<10 vs �10 stalls/side), measured using video and Lactocorder recordings.

2 milkings/day 3 milkings/day <10 stalls per row �10 stalls per row
Mean SD LSM LSM SE p LSM LSM SE p

Milkers, n 1.28 0.38 1.16 1.47 0.12 .056 1.49 1.13 0.11 .021
Cows prepared at each side, n 6.48 1.36 6.7 6.11 0.45 .321 6.73 6.08 0.41 .255
Entry time, s 81.7 28.0 1.3 1.51 0.13 .284 1.19 1.63 0.13 .034
Forestripping, s 3.84 2.83 3.33 4.68 0.39 .013 1.69 6.32 0.35 <.001
Pre dipping, s 2.45 0.98 1.92 3.34 0.2 <.001 3.22 2.04 0.18 <.001
Drying, s 6.27 2.83 5.38 7.75 0.91 .055 7.27 5.86 0.83 .227
Cluster attachment, s 6.87 0.92 6.87 6.88 0.32 .985 7.12 6.63 0.29 .233
Post dipping, s 2.67 1.26 3.04 2.05 0.37 .047 1.89 3.2 0.33 .009
Total preparation time per cow, s 22.1 5.01 20.6 24.7 1.48 .040 21.19 24.06 1.34 .133
Total preparation time per row, s 306 103 330 299 27.5 .413 240 388 27.5 .001
Total stimulation time (TS500), min 2.66 0.63 2.77 2.48 0.21 .291 2.42 2.82 0.19 .143
Bimodality,% 36.6 10.7 40.0 30.0 3.00 .007 28.0 42.0 2.00 <.001
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time (TS500), measured over the eight farms involved
in our study was, on average 2.66 ± 0.63minutes, quite
close to the upper suggested limit.

Considering separately farms performing 2 vs 3
milkings, some differences in milking procedures dur-
ation was observed (Table 2). In particular, all 3-milk-
ing farms performed forestripping and more time was
used for this procedure (p< .05). Total preparation
time per cow was much higher in 3-milkings farms
than in the others (þ20%, p< .05) but, at the same
time, total stimulation time increased only by 4.6%
(P¼NS); this is the result of a scrupulous milking rou-
tine with a good work organisation in the parlour,
with reduced time waste. The number of animals pre-
pared at each side was lower in farms that performed
3 milkings than in the others. Bimodality of the milk
flow curves was also lower (p< .001), as a sign of a
correct routine both in terms of completeness
and timing.

Increasing milking parlour size allows to milk more
animals at the same time, but these two parameters
have to be considered in relation to the number of
milkers simultaneously working at milking. The ideal
milking routine has to achieve two main objectives:
the first is to clean the teat and control the milk to
prevent udder health problems and avoid milk con-
tamination; the second is to induce a correct milk
ejection starting through tactile stimulation. Regarding
the latter aspect, the risk of building a big parlour is
to increase too much total stimulation time, decreas-
ing effectiveness of oxitocine hormone for milk let
down. In the present study total stimulation time was
included in the range among 60–180 seconds, which
can be considered correct, but bimodality resulted
statistical different (p< .001) among farms with differ-
ent parlour size (28.0% vs. 42.0%, respectively for
farms with < 10 and � 10 stalls per side), suggesting
a reduced milk ejection effectiveness in larger milk-
ing parlours.

Total daily milking duration was very high in par-
ticular for 3 milkings/day farms where milking lasts
about 11.4 hours/day, while in the others it lasts about
3.56 hours/day. This does not mean that cows are

involved in milking all the time, but the milking
machine is working for a long period, and this results
in a faster ageing of milking machine components
and higher energy consumption. Following the studies
of different authors (Reid and Stewart, 2007; Ginsberg,
2011; Greenham and Humphries 2018), new parame-
ters were calculated in order to compare different sit-
uations and understand where there was a need to
improve (Table 3). As suggested by Greenham and
Humphries (2018) the cows/hour parameter is a poor
comparator of herds with different mean yields. In the
present study it was ranging from 35 to 117 cows/
hour. On the other hand, the milk/hour parameter
could be more useful as an indicator of milking effi-
ciency because it is more related to farmer income. In
the present study the milk/hour parameter resulted
lower than reported by other authors (Greenham and
Humphries 2018), probably due to the long duration
of milking. In order to benchmark farms of different
sizes and different milking parlour types against each
other the milk/stall per hour parameter can be used.
The target is 55 kg of milk/stall per hour (Greenham
and Humphries 2018) which is similar to the average
value found in the present study although, as
expected, great differences were found between farms
with different parlour size.

Using an opportunely adapted version of the milk-
ing task time evaluation form developed by University
of Winsconsin-Madison, Milking Research and
Instruction Lab (2003) the stay time for each group of
cows in the holding area (Table 4) could be measured.
The highest stay time was measured for farms with
more than 10 stalls/row, registering a maximum of
76.3minutes. The holding area has to be well
designed in order to be comfortable for cows. Both
microclimatic condition and crowding can be stressful
for cows. A stressful event immediately before milking
can compromise milk ejection, interfering with oxyto-
cin action.

The resting behaviour and consequently the lying
behaviour can be detected with visual observations or
through automatic monitoring systems. Visual obser-
vations can have deficiencies such as the time needed

Table 3. Milking efficiency parameters (least square means LSM) in farms with different milking frequency (2 vs 3 milkings/day)
or different milking parlour size (<10 vs �10 stalls/side).

2 milkings/day 3 milkings/day <10 stalls/row �10 stalls/row
Mean SD LSM LSM SE p LSM LSM SE p

Total milking duration, h/milking 2.54 1.36 1.84 3.72 0.310 <.001 2.49 3.06 0.280 .15
Cows/hour, n 66.6 24.7 69.6 61.6 8.71 .481 64.7 66.5 7.89 .876
Milk/hour, kg 949 344 1062 760 111 .045 864 958 101 .499
Milk/stall per hour, kg 54.1 19.4 59.7 44.9 5.58 .052 59.3 45.3 5.06 .055
Cows/stall per hour, n 3.80 1.49 3.93 3.6 0.47 .592 4.36 3.16 0.43 .054
Milk/milker, kg 1748 738 1576 2034 171 .049 1356 2255 155 .00036
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for recording and the operator’s reliability. On the con-
trary automatic monitoring systems are less demand-
ing in terms of time, less affected by the subjectivity
of the evaluators, more practical under field conditions
than visual evaluations and also allow the simultan-
eous evaluation of several animals without observer’s
disturbance. The use of electronic data loggers is con-
sidered as a validated method to measure lying
behaviour and in particular the total lying time, the
number of lying bouts, the duration of each bout for
individual cow and the laterality of their lying behav-
iour (Ito et al. 2009; O’Driscoll et al. 2008).

Measuring lying and standing time during the
whole day allows investigating animal behaviour in
relation to milking management, in particular to the
number of milkings performed per day. As reported in
Table 5 there were no differences in terms of standing
and lying time among farms with 2 or 3 milkings per
day. This result suggests that even there is a higher
standing time for 3 milkings/day farms, considering
the total day budget, the cows can rest and lying the
right number of hours. In this study, cows spent
11.3 h/d lying down in farms that milked twice a day
and 11.0 h/d in farms that milked three times a day;
these value are similar to those suggested by Cook
et al. (2005) and Ito et al. (2009). These farms probably
have a well-designed barn, comfortable for the ani-
mals that can rest adequately.

Climatic and lighting conditions in the holding
area, milking parlour and housing area

As expected, season significantly affected climatic
parameters in particular for THI and relative humid-
ity (p< .001).

Microclimatic conditions resulted significantly differ-
ent also among areas (p< .05). During summer,
instead, relative humidity in the holding area and
milking parlour did not result different. Microclimatic
parameters, as temperature and THI, were character-
ised by bigger variations (higher differences between
minimum and maximum values) in the housing area

than in the milking parlour and the holding area.
Milking parlour was the area with the highest average
value of THI and the lowest light intensity in both sea-
sons (interaction season and area effects p< .005) as
reported in Table 6. This result indicates that the milk-
ing parlour is not a comfortable place for animals
and humans.

The housing area is the place where farmers invest
more on cooling systems (all farms had a fan in the
housing area, 6 farms had a fan also in the holding
area and milking parlour). For this reason, the housing
area was characterised by a lower level of THI in both
seasons. All the fans were activated through a THI
based sensor.

As showed in Figure 1, in Summer THI exceeded
the threshold of 68 for many hours of the day in all
the monitored areas. As highlighted by Zimbelman
et al. (2009) THI threshold for high producing animals
(> 35 kg milk/day) is equal to 68.

These farm areas resulted to be under climatic
stressful conditions for 22.3 and 19.9 hours/day, in the
milking parlour and in the housing area respectively,
with potential negative effects on the animals in terms
of milk production, health and welfare. Cows’ heat
stress can also compromise pregnancy period and
influence milk production of future generations (Tao
and Dahl 2013).

In every farm all the areas (housing area, holding
area and milking parlour) had artificial lighting.
Seasonal differences in terms of light intensity were
also found, as reported in Table 6, but the differences

Table 4. Stay times (Least Square Means LSM) for milking groups (G1-G2-G3) in farms with different milking frequency (2 vs 3
milkings/day) or different milking parlour size (<10 vs >10 stalls/row).

2 milkings/day 3 milkings/day <10 stalls per row >10 stalls per row
Mean SD LSM LSM SE P LSM LSM SE P

Minimum stay time G1, min 18.6 8.88 15.3 24.1 3.30 0.060 18.2 21.1 2.98 0.491
Maximum stay time G1, min 52.8 22.5 50.1 57.3 8.97 0.545 45.1 62.3 8.12 0.146
Minimum stay time G2, min 18.8 10.1 19.1 18.3 4.50 0.891 19.0 18.5 4.08 0.926
Maximum stay time G2, min 47.0 25.9 35.5 66.2 7.65 0.008 42.5 59.3 6.93 0.100
Minimum stay time G3, min 20.5 8.72 26.3 17.5 5.30 0.259 17.9 26.0 5.75 0.322
Maximum stay time G3, min 45.7 25.1 48.0 56.6 6.93 0.390 32.6 72.0 7.52 0.004

Minimum and maximum stay time for each milking group (G1, G2, G3) was defined as the time that starts when cows are moved from the housing to
the beginning of the milking.

Table 5. Standing and lying time of cows in 2 and 3 milkings
per day farms (184000 records).

2 milkings/day 3 milkings/day

Mean SD Mean SD

Lying, % 47.0 0.5 46.0 50.0
Lying right, % 21.0 41.0 20.0 40.0
Lying left, % 26.0 44.0 26.0 44.0
Lying, min 677 720 662 720
Standing, % 53.0 50.0 54.0 50.0
Standing, min 763 720 778 720
Lying bouts, n/d 0.01 0.08 0.01 0.08
Standing bouts, n/d 0.01 0.08 0.01 0.08
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were specific for each area. In particular, the housing
area resulted more enlightened in Winter thanks to
artificial lighting, while in the holding area a better
light intensity was found in Summer (Figure 2).

Milking parlour emerged as the area with the worst
light intensity during all day in both seasons and in all
the farms analysed. This result is worrying, because a

bad illumination in the milking area can compromise
the efficiency of the milking routine, the chance to
check udder status and the well-being and health of
the workers.

In barns for dairy cows, the required illuminance is
50 lux in the area of animal movements and 100 lux in
the feeding spot. The optimum light intensity is

Table 6. Environmental data in holding area, milking parlour and housing area in two different seasons (1300 records).
Holding area Milking parlour Housing area

Mean Min Max Mean Min Max Mean Min Max

Summer
Temperature, �C 24.3 17.8 33.7 24.4 18.2 33.7 23.0 0.08 41.3
Relative humidity, % 72.9 31.0 99.4 72.7 30.4 99.9 71.5 29.6 100
Light intensity, lx 218 3.9 32280 77.3 3.9 2204 87 11.8 997
THI� 72.8 63.5 86.5 73.1 64 85.8 70.6 35.6 105

Winter
Temperature, �C 12.2 1.24 25.2 12.6 2.53 22.4 11.7 0.99 25.0
Relative humidity, % 46.7 1.00 98.4 64.0 1 95.5 56.9 15.6 94.8
Light intensity, lx 118 3.9 6950 46.7 3.9 6934 133 3.90 997
THI� 54.9 38.6 70.2 55.1 41.1 68.2 53.9 36.9 70.0

�Temperature Humidity Index.

Figure 1. Daily summer (left) and winter (right) trend of THI in holding area, milking parlour and housing area. Blu line¼ holding
area THI; orange line¼ housing area; grey line¼milking parlour.

Figure 2. Daily summer (left) and winter (right) trend of light intensity in holding area, milking parlour and housing area. Blu line-
¼ holding area THI; orange line¼ housing area; grey line¼milking parlour.
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probably between 40 and 120 lux (Phillips et al. 2000).
Good lighting conditions are necessary for techno-
logical operations and to ensure hygiene and security
of work. Illumination levels for dairy farms recom-
mended by the Italian National Unification Body (UNI)
are 50 and 200 lux, for animal barn and milking par-
lour, respectively (UNI EN 12464-1:2011). Light inten-
sity emerged as a critical aspect in particular in the
milking parlour.

Conclusions

Many sensors and data collection systems are available
for evaluating milking performance, microclimatic con-
dition and cow behaviour. Each of them has different
characteristics, advantages and disadvantages. The
choice of a particular method or technology has to be
made on the basis of the farm situation, disposable
income and time for monitoring. In the present study
an integrated data collection system was presented.
Some milking parameters (cow/hour; cows/stall per
hour; milk/hour; milk/stall per hour) can give a good
prediction of milking labour efficiency and timing.
Number of milkers resulted a lacking point for the
studied farms. The integration of manual measure-
ments with the use of low-cost sensors has made it
possible to monitor the efficiency of the process and
the environmental conditions in the three areas that
characterise a dairy cattle farm. Hence the possibility
of better managing the production process by acting
proactively on it. Future research needs to address the
relation between animal hygiene, udder health and
light intensity in the milking parlour, in order to set
light intensity limits for performing a good milk-
ing job.
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