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I Abstract

To-date, the impact of modern milking parlors in dairy farming on physical strain has not been the subject of many studies.
Therefore, this case study aims to record and evaluate the physical strain during the entire milking process, including the
oxygen consumption (VO,), heart rate (HR) and metabolic rate (WkJ, Watt) of milkers. The recording was conducted with a
portable respiratory gas analysis system and an ECG and activity sensor on 4 dairy farms in Austria. Eight subjects aged from
45-52 years, with a mean age 50+2.4 SD, participated and the data were recorded during the milking process in 2 types of
milking parlours. For assessment, the entire milking process was divided into preparation, milking and follow-up work. The
entire milking process was performed with an average oxygen consumption of 46.5 I/h and a heart rate of 98 bpm, which
is below the anaerobic threshold; whereas in the preparation and follow-up work, this threshold was exceeded. Generally,
during the milking process, a moderate physical strain (32.4%) and a balanced metabolic rate (143 watt/m?) were determined.
The physical strain in female milkers was 9.2% higher than in male milkers throughout the entire process. Reduction of
physical strain can be achieved through additional breaks, reduced work speed, division of labour and technical devices.
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INTRODUCTION

Dairy farming is characterized not only by a heavy workload
but also by a high proportion of recurrent and time-bound
work [1]. The dairy industry and cattle husbandry are the
most important branches of Austrian agriculture. In 2014,
534,041 dairy cows produced 3,493,861 liters of raw milk [2].
With the decline in tie-stalls and the introduction of free
stall barns in the dairy sector, the corresponding bucket and
pipeline milking changed to modern milking systems that
are regarded as placing less physical strain on humans [3].
In the free stall barn, there is a distinction between the
individual animal and the group milking parlour. Group
milking parlours include the following types: herring bone,
side-by-side, swing-over, and milking carousel.

According to Auernhammer (1989), work strain results
from physical and mental activity influenced by the workplace
and the working environment [4]. Hence, the strain may
vary depending on technical equipment and design of the
workplace [5]. Parameters such as gender-specific height
and weight, as well as shoulder height and arm’s length,
have an impact on the strain of the milker experiences [6].
The optimal working area is important in connection with
musculoskeletal disorders.

During milking, the wrists, elbow region, shoulder region
and upper back are particularly stressed [7]. Because of the
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monotonous and repetitive work processes, additional
equipment provides assistance during the milking work [5].
The higher the technical equipment of the milking parlour,
the less the time required, and thus the physical workload [8].
In a milking parlour, upgradeable, shutdown and automatic
cluster removal equipment is most frequently used as
additional equipment providing assistance [9]. The heart
rate and energy consumption can provide partial information
about the work strain [4].

The Movisens ECG and activity sensor is a measuring
device designed for the research approach which determines
not only the heart rate and energy expenditure, but also the
heart rate variability, steps and activity category. Through
the simple and practical handling as well as the mobile ECG
long-term monitoring, the heart rate can be recorded for up
to 2 weeks. Movement information is recorded on a multi-
axis acceleration sensor and a temperature compensating
barometric altimeter [10]. Using this data and the manual
input of height, weight and age, the physical activity and
energy expenditure can be estimated.

Luder et al. (1986) [11] compared the workload during
milking with bucket milking, pipeline milking and the
milking parlour. They recorded the heart rate, which was
measured with 2 attached sensors. While working with 2
bucket milkers, the female and male milkers had a pulse
rate that was 10% higher, on average, than during milking
with 3 milking units in a pipeline milking system. It could
not be proved that milking in the milking parlour is less
burdensome than milking in the pipeline system.The heart
rate of 3 female and 3 male Finnish milkers was studied during
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milking (on average 115 min) by using the polar electro, and
was 95 bpm. Additionally, Luder (1986) [11] investigated
the energy expenditure to determine the physical strain
(EN ISO 8996:2004) during milking in the herring bone
milking parlour 2x3, which amounted to 8.8 WkJ/MPmin,
on average, and was less than the energy expenditure of
milking work in a bucket and a pipeline milking system.

Previous studies focused on musculoskeletal disorders
during milking in current milking systems; however, little
is known about the effects of different milking systems and
the equipment of modern milking parlours on milkers’
physical strain [5]. Ahonen et al. (1990) [12] refer to the
need for research showing the level of physical strain
through more recent milking systems. In Finland, Nevala-
Puranen et al. (1996) investigated the physical workload in
the milking parlour on the basis of oxygen consumption,
heart rate and muscle activity. Recent studies on the oxygen
consumption during milking in different milking systems
are not available. Previous studies generally lack gender-
specific representations of oxygen consumption, heart rate
and energy consumption during milking work.

OBJECTIVE

Therefore, the aim of this study was to determine and evaluate
the physical strain throughout the milking process and
the different work subprocesses, based on the parameters:
oxygen consumption (VO,), heart rate (HR) and energy
expenditure (WkJ,Watt) of female and male milkers (n=38).
The results are presented descriptively and analytically
according to gender, and compared with data in the literature.
Measurement of oxygen consumption with the spirometer
(Metamax3B, Cortex, Germany) was used as a valid reference
for determination of energy expenditure and individual
workload.

MATERIALS AND METHODS

The survey was conducted with 8 milkers on 4 Upper Austrian
dairy farms in March 2015. The farms were equipped with
the most common types of milking parlours in Austria: a
herringbone swing-over or a side-by-side milking parlour.
The average age of the milkers was 50 years (SD=2.4) (n=8)
and the body mass index - 24.4 kg/m? (SD=3.5) (n=8).
The subjects milked in milking parlour types 2 x4 swing-
over herringbone (hb) (n=4) and 1x4 side-by-side (n=2)
or 2x4 side-by-side (n=2). The milking parlour, milking
pit and milking units were cleaned with a high pressure
cleaner (n=2) or a water hose with a spray nozzle (n=2).
During data collection, medium temperatures and relative
humidity levels of 10.5°C and 69.2% (n=8) were measured
in the milking parlour. For determining the working time
requirements, the causal method according to Auerhammer
(1979) was applied. The overall work and individual work
processes during milking were divided into work subtasks
and elements. The daily milking included preparatory work
in and outside the milking pit (preparation of the milk tank,
placing a milk filter, preparing milking units, driving cows
into the waiting area, turning on the vacuum pump, etc.),
the milking process in the milking pit (cleaning udders, fore
milking, attaching/controlling/taking-off milking units), and

follow-up work in and outside the milking pit (turning-oft
the vacuum pump, removing the milk filter, follow-up work
on milking units, cleaning the milking parlour, follow-up
work on the milk tank, etc.). Validation of the accuracy
of the ECG and activity sensor of the Movisens company
during milking was performed using the portable spirometer
Metamax3B of the Cortex Biophysics company in Leipzig,
Germany. In the professional performance diagnostics, it is
used to determine oxygen consumption, CO, emission and
the respiratory minute volume, particularly for accurate
determination of energy expenditure (in accordance with
standard specifications, DIN EN ISO 8996: 2004). The
technical failure of this unit is less than 2% [13]. The handy
and user-friendly psychophysiological ambulatory Movisens
measurement system optimizes research applications and
records, a single channel ECG via dry electrodes built in a
chest strap without disturbing the subject [14].

The physical strain throughout the milking and divided
into each work subprocess was based on the oxygen
consumption (VO,), heart rate (HR) and metabolic rate.
Oxygen consumption was measured in I/h, ml/min/kg and
in % of VO,  (MetaMax3B, Cortex Biophysics, Leipzig),
HR in bpm (Movisens ECG and activity sensor, Karlsruhe)
and metabolic rate in WkJ, Watt (Metamax3B and Movisens
ECG and activity sensor). The metrological determination of
oxygen consumption (VO,) (in 1/h, ml/min/kg and in % of
VO, ) was performed with the spirometer Metamax3B for
calculating energy consumption and measuring heart rate
(HR) in bpm, and for validating the work energy expenditure
(WKJ, watt) with the Movisens ECG and activity sensor for
determining the physical strain throughout the milking
process and follow-up work. To determine the energy
expenditure and individual workloads, the measurement of
oxygen consumption was used as a valid reference.

To measure the maximum oxygen uptake (VO, = =35+7.4
ml/min/kg) (n=8), the maximum power (P =2.7+0.4
W kg') (n=8), maximum heart rate (HR _=175+6.1 bpm)
(n=8) and individual strain on the milker, a stress test on
the bicycle ergometer (Daum 8008 TRS, Fiirth, Germany)
was performed. After a 3-minute standardized warm-up at
40 watts, each minute was increased by 20 watts until the
subjects were not able to maintain a required cadence of at
least 70 revolutions per minute.

The data were analyzed descriptively with a spreadsheet
programme (Microsoft Excel 2007). To verify possible
existing differences between the genders and between the
instruments, the t-test and Wilcoxon test were used on
independent samples. The level of significance was set at
p=<0.05.

RESULTS

Preparatory work. Prior to the actual milking operations,
preparatory work was performed outside the milking
pit, including preparing the milk tank, which consisted
in the removal of residual water from the milk line and
changing the lance from the flushing apparatus to the milk
tank, preparation of interim disinfection, preparation of
peracetic acid in a bucket for disinfecting the teat cups,
and rounding-up the cows in the waiting area. The work
processes in the milking pit included inserting the milk filter,
preparing the milk cutter for milking, spraying the milking



296

Annals of Agricultural and Environmental Medicine 2017, Vol 24, No 2

Elisabeth Quendler, Magdalena Mayrhofer, Bernhard Prinz, Alfred Nimmerichter. Comparative determination of physical stress and strain on milkers in milking parlours...

parlour floor, preparing the strip cup, taking milking units
from the rinsing cup, opening doors, and turning on the
vacuum pump. During the preparatory work, which lasted
an average of 7 Man power minutes (MPmin), the average
oxygen consumption of the subjects (n=8) was 56.6+12.31/h,
which is below the aerobic threshold of 60 1/h of physical
work, according to UNI EN ISO standard 8996. Oxygen
consumption in liters per WPh was significantly higher in
the women than in the men, and was about 5.1 I/h above
the aerobic threshold (p=0.0353). Oxygen consumption,
calculated by means of the energy metabolism, was an
average of 174 watt/m? during the preparatory work (n=8)
(calculated with Metamax3B), which corresponds to an
average energy expenditure. The male milkers had a work
energy expenditure that was 4.2 WkJ/MPmin higher than
that of the female milkers (p=0.0784). The average heart rate
(n=8) was below the physiological endurance limit of 110 bpm
[15]. The gender-specific difference in energy consumption
was 4.2 WkJ/MPmin.

Milking. With the completion of the preparatory work and
the cows entering the milking parlour, the milking process
began in the milking pit. This included udder cleaning, pre-
milking, putting on the milking units, aligning, monitoring,
mechanically post-milking by pressing down the milking
units, and taking off the milking units. After all cows had
been milked and the teats dipped, the cows were released
through a pneumatic frontal release or by mechanically
opening the parlour exit.

The milking process took an average of 64 minutes and
a related oxygen consumption (43.5+9.41/h)(n=8) below
the aerobic threshold. The men, compared to the women,
had a 14.8 1/h higher oxygen consumption (p=0.0089). The
average heart rate (n=8) was below the limit of exertion
during the milking process. The milking process proved to
have an average AEE, at 134 w/m? (n=8). During the milking
process in the milking pit, the male milkers showed with
3.4 WKJ/MP__ asignificantly higher total energy expenditure
than the female milkers (p=0.0371).

Follow-up work. After milking, cleaning and flushing work
processes were carried out in the milking parlour. These
included turning-oft the vacuum pump, removing the milk
filter, preparing filtration equipment for rinsing, placing the
milking units in the rinsing cup, and emptying the milk
collecting vessel, initiated by pressing a button. The milking
parlour, milking pit and milking units were cleaned with a
high pressure cleaner or water hose with a spray nozzle. The
average oxygen consumption (5.6+13.3 1/h) of the female
milkers (n=8) during the follow-up work, on average, was
15 MPmin, which was below the aerobic threshold. The men
exceeded the limit with 7.5 I/h, and differed significantly
from the women’s average oxygen consumption (p=0.0002).
The activity energy expenditure, derived from oxygen
consumption, amounted to an average of 169 w/m?during the
follow-up work (n=8), and can also be considered an average
energy expenditure. In the average energy expenditure, there
were significant differences between the male and female
milkers (p=0.0007). The average heart rate (n=8) remained
below the working physiological endurance limit. The average
oxygen consumption, energy expenditure and heart rates
were very similar to the preparatory work because of similar
activities and body movements.

Milking process. On the farms investigated, the milking
process took an average of 86 MPmin. The average oxygen
consumption (46.5+9.9 1/h) of the male and female milkers
(n=_8) was below the aerobic threshold. The calculated oxygen
consumption in ml/min/kg, compared to the maximum
oxygen consumption, corresponds to a moderate strain.
The absolute oxygen consumption in I/h showed significant
differences between male and female milkers (p=0.0048).
Among the men, the average oxygen intake was 16.3 1/h
higher than among the women. With 134 Watt/m* (n=38),
the milking process corresponded to an average energy
expenditure. During the milking process in the milking
pit, the male milker had a 3.4 kJ/MPmin higher energy
expenditure than the female milkers (p=0.0371) (Tab. 1.)

Table 1. Average oxygen intake in ml/min/kg and in % of VO, _, heart
rate in bpm and medium activity energy expenditure (AEE) in WkJ/MPmin
with standard deviations during the milkers’ (n=8) milking process and
divided by gender

Milking orocess VO, VO.% HRY  AEEYWK)/  AEE?
9P mUmin/kg ofVO, =~ bpm  MPmin  WkJ/MPmin
Milkers (n=8) 11.0£09° 3244790 974165 21+05°  11.3+2.6°
Male milkers (n=4) 107+1.0 27.8441 88+46 2503  13.2+1.9
Female milkers 113409 37.0:84 105208 1703 9315

(n=4)

"Data collected with Movisens ECG and activity sensor
?Data collected with Metamax3B
2-not significant; °- significant; - highly significant

The average heart rates (n=8) during the milking process
were always below 110 bpm. The MPkJ/MPmin measured
with the spirometer’s energy expenditure data (Metamax3B)
were, on average, 419% higher than those measured with the
Movisens EEG and activity sensor, which used algorithms on
the basis of acceleration data to calculate the results.

CONCLUSION

During the preparatory and follow-up work, the activities
were carried out by walking in different rooms, which caused
a higher metabolic rate (WkJ/MPmin) (determined with
Metamax3B), a higher oxygen consumption and a higher
heart rate. The intensity and the number of muscles used
through monotonous and constantly repetitive hand and
arm movements while mostly standing, but with some slow
walking when changing the milking parlour side, are crucial
to the energy consumption. A strain in this sense also leads
to oxygen consumption, which subjectively expresses itself in
increased breathing and a raised heart rate [16, 17]. The higher
energy expenditure (determined with Metamax3B) of men
compared to women in all work subtasks can be explained
by the fact that men generally have more muscle mass and a
higher energy expenditure at rest and during exercise [18].

The gender-specific difference in the relative oxygen
consumption (Tab. 1) was due to the lower pulmonary
function parameters, such as lower respiratory rate, lower
tidal volumes, lower respiratory threshold and the lower
respiratory minute volume of women. The significant major
differences in absolute oxygen consumption (1/h) in men and
women in all work processes can be explained by size and
weight. The men, on average, were 29 kg heavier and 10 cm
taller than the female milkers.
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The higher heart rate of the female milkers during the
same work was probably caused by the average lower cardiac
output of the women (500-600 ml), compared to the men
(600-800 ml), which causes a smaller stroke volume (55%).
This means that the oxygen demand of women is covered
by an increased heart rate during the same physical activity
[19, 20]. In the entire milking process and in all subtasks, the
workload (VO, in% of VO, ) among women was higher than
among men. According to Nevala-Puranen et al. (1996) [21],
arelative oxygen uptake (in% of VO, ) during milking was
determined by 21% (n=6). In the presented study, an average
load of 32.4% during the entire milking process (86 WPmin)
(n=_8) was found. During the milking process, the endurance
limits that exist for HF, VO, and work energy expenditure
were not exceeded, on average. According to Nevala-Puranen
et al. (1996), the oxygen consumption was 0.6 I/min during
milking (18 MPmin). In this study, it was 0.78 l/min for
the entire milking process. According to Nevala-Puranen
et al. (1996), the endurance limit was also not exceeded
during the milking process (115 MPmin). The heart rate
determined in this study during the entire milking process
was almost identical with that of the Finnish investigation.
The energy expenditure, determined by Luder et al. (1986),
was 8.8 WkJ/MPmin during the milking. By dividing the
milking process into different activities, preparatory work,
milking and follow-up work, and by differentiating between
the arithmetic means for these activities, overruns in the
endurance limit were observed during the preparatory and
follow-up work (Fig. 1).

pw WkJ/Mpmin
14 —=—male milkers
12
10 —=—female milkers
8
6
4

2
fw VO, I’h -ﬁ&- pw VO, I/h

fw WkJ/Mpmin

Figure 1. Deviation in % from the limit value (VO,=60 I/h, WkJ/MPmin=17 in men
and 12 in women) based on the endurance limit, the activity energy expenditure
per minute (calculated with Metamax3B), and oxygen consumption in I/h divided
by work subprocess and gender.

pw - preparatory work; fw - follow-up work

During the preparatory work, women exceeded the
endurance limit (12 WKJ/MPmin) by 0.5 WkJ/MPmin.
Men exceeded the limit of exertion (17WkJ/MPmin) by
0.4 Wk]/MPmin during follow-up work. The limit of exertion
(60 1/h) was topped during preparatory (65.1 1/h) as well
as follow-up work by male milkers, according to UNI EN
ISO standard 8996. Regarding HR, the bpm of 110 was not
exceeded during any of the work steps. This means that
milking causes a moderate strain and the entire milking
process can be exercised during a working day of 8 hours
without increasing muscular fatigue. The workload during
preparatory and follow-up work should be reduced through
sharing work by using technical aids (cowboy), taking
additional breaks, or working at a slower working pace.
With the gender-specific evaluation, it was found that the

physical strain in female milkers was higher than in men
during the milking process.

In contrast to the MM3B spirometer, the simple and
practical operation of the Movisens ECG and activity sensor
and evaluation software were appreciated. Evaluation of
the results by means of the software was straightforward.
Between the measuring instruments, there were huge
discrepancies in the results (419% compared to MM3B), which
makes the activity sensor inadequate for measuring energy
consumption. The use of different prediction models for
AEE, depending on the type of activity, improves AEE
estimates. Generally, the sensor tends to underestimate
energy consumption, this was also found by Birte von Haaren
et al. (2011) [24]. Overall, the Movisens kmsMove sensor
proved to be an ideal instrument for the identification and
analysis of everyday movements in rehabilitation patients;
However, if this instrument should be suitable for the
determination of the actual work energy expenditure of
manual labor, it must be examined more intensively in
further studies.
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