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Polar Sport Tester for Cattle Heart
Rate Measurements

Marjan Janzekovic, Peter Vindis, Denis Stajnko and Maksimiljan Brus
University of Maribor, Faculty of Agriculture and Life Sciences
Slovenia

1. Introduction

Well-being and health status of the animal in relations to achieving optimal production,
become a standard when grading intensive livestock systems. Heart rate and body
temperature have traditionally been used as parameters for different animal species health
assessment, since they can indicate a problem with the animal. Also, interest for stress-
related research increased in the last decades, resulting in many available techniques, but as
stated by (Janczarek, 2009) the simplicity and practical applicability for the average user
should be taken into account. According to (Hopster, 1998; Janzekovic, 2005; Aerts et al.,
2008) the change of heart rate can be a relevant parameter, when studying the response of
the animal to stress. This is in correlation with findings in the humane medicine
that variability of the heart rate serves as an important mechanism of the adaptation
capability.

Reaction of heart is viewed as an objective way of representing the autonomous responses of
the nervous system to psychological stressors, associating increased and decreased heart
rates with the predominant influence of sympathetic or parasympathetic nervous systems.
Challenges of the environment activate both branches of the autonomous nervous system.
This induces changes in the frequency of the heart rate, which is viewed as the index of the
psychological influence of outside events (Herd, 1991). Recent findings also demonstrated
direct hard-wired linkage between control of cardiac function and animal response
(Lefcourt et al., 1999).

Most important stimuli for variations in heart rate generally are excitement, stress, exercise,
or some kind of altered physical homeostasis. Because of this, focus in research has always
been to investigate and monitor changes in the mentioned parameters, aiming to get a
strong correlation with health status. This resulted in invention of special devices which rely
on heart rate as certainly the most practical means for judging animal’s status.

Heart rate monitors have been developed for purpose of fitness in human and equine
athletes, but have evolved into modern health status measuring devices. This equipment
became recommended and highly advocated tool in illness, disease, or stress diagnostics.
Because of accuracy of measurements with Polar Sport Tester (best accuracy in comparison
with ECG) (Macfarlane et al., 1989; Hopster & Blokhuis, 1994; Lefcourt et al., 1999) the said
finding was taken into account to a greater extent in the analysis of the data of our test.
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1.1 Heart rate as indicator of stress state of cattle

Measurement of heart rate is one of most common used non-invasive methods for gathering
physiological parameters of stress. From the point of animal welfare it has major advantage
over traditionally used blood sample test techniques (Janzekovic et al., 2006). Heart
frequency, implying the number of heart contractions per minute (bpm) is mainly
measured, as it has a good correlation as indicator for impending problems in the animal.
This advocates resting heart rate which represents measurement in relaxed condition when
animal is calm, but attention must be taken since sometimes this is very hard and can mask
elevated values meaning also masking the potential health problem. Depending from
environment, the heart frequency is different and varies from animal to animal. Monitoring
of the heart rate and its variability is, from the technical side, very complicated and
impractical to measure in situations like milking, transport, or calving. Likewise in barns
with the free housing system of breeding of milking cows (Janzekovic et al., 2005) it is
impossible with meters and/or devices to be put onto animals. In our preliminary test that
was found out already during the time of habituation of animals to wearing adapted
measuring devices. The cows, freely moving about, mutually took off or tore from the body
the elastic straps, simulating the girth belt with transmitter, already during the first seconds
of wearing. In the milking parlour they had not enough time to focus on straps and it took
only a short time until they have accustomed themselves to them with the use of a simulated
girth belt (Janzekovic et al.,2005). (Hopster, 1998) also noticed a similar effect during the
period of accustoming to wearing the measuring equipment. On animals in groups it is
possible to measure the heart rate for a longer time only by means of implants with
transmitter under the skin. For this reason use of the electrocardiography pill for cattle was
investigated by (Warren et al., 2008), to provide veterinarians with data to assess cattle state
without the need to physically restrain it. Nevertheless much work is still to be done
concerning its practical applicability.

With the introduction of automatic milking systems the interest for reliable and practical
measuring of stressful situations, implicating health status and production of the animal,
increased (Gygax et al, 2008). As stress is mainly expressed by plasma cortisol
concentrations and heart rate variation (Schmidt et al., 2010), the decision to use non-
invasive measuring technique of heart rate (HR) on cows in tandem milking parlour was
made based on this and results presented in many studies describing methods of heart rate
measure on different categories of animals. Tests dealt with telemetric recording of surface
electrocardiograms (Kovalcik et al., 1988; Lay et al., 1992; Royle et al., 1992.), and most of the
research has been done in the field of equine exercise physiology by means of Polar heart
rate monitors like »Horse Tester« and »Polar Equine« (Evans et al., 1986; Oldruitenbourgh-
OOsterbaan et al., 1988, Art et al., 1993; Gygax et al., 2008; Kedzierski & Janczarek, 2009;
Leleu et al., 2005). New solutions include complete wireless HR equipment systems, and
findings show that these devices play an important role in diagnostics, and sometimes even
enable health problem prevention and certainly on time intervention and clinical checking
for further treatment from responsible personnel. It should be taken into account that not all
values (like recovery heart rate) can be used and compared with research in human athletes,
since differences between species exist. Elevation of heart beats without any notable
environmental challenge can only be marked as internal health problem or even lameness
like seen in horses (Foreman & Lawrence, 1991).

(Karvonen et al., 1984) report that telemetric devices for measuring the heart rate on humans
during the sports activity are also suitable for transmitting the signal from animals, freely
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moving about or tied. Researchers (Seaward et al., 1990; Royle et al., 1998; Knierim & Waran,
1993; Hopster, 1998) also measured the heart rate on milking cows and other categories of
cattle with various types of adapted telemetric devices from the heart rate meter sets of the
Finnish maker Polar Electro Oy, which have also been used as measuring equipment in our
research.

2. Modification of measuring device

Methods for checking heart rate have undergone a significant change with advancement in
the latest technology. For many years, simple palpation of the artery was used, but it always
had a potential subjective error. This was also the case for stethoscope, besides better
accuracy in determining normal and higher heart rates, but still not enough practical when
monitoring maximal heart rate and minimizing human handling and restrain stress on the
mentioned. Recently all of those began to be replaced with electronic heart rate monitors
which measure electrical pulses of the heart, and which were widely tested during exercise
in horses. Since it boosted better performance and training techniques in equine sports,
practical applicability was also investigated in other farm and wild animals, like cows, pigs
and reindeers (Hopster & Blokhuis, 1994; Seo et al., 1998; Eloranta et al., 2002).

For measuring the heart rate special apparatuses, used by top sportsman during training,
were tested. This was, particularly, the heart rate meter “Polar Sport Tester-Profi” (PST)
made by the Finnish maker of equipment Polar Electro Oy. The meter is equipped with a
transmitter and elastic belt with movable holder and with an intermediate unit for
connection to the computer “Polar Interface”. Taking into account the 70 cm length of the
elastic belt the mentioned device could be located only on sucking and weaned calves of up
to 180 kg body mass. With the lengthened belt, into which simply the transmitter was
inserted, periodical response was obtained during testing on the animals of up 280 kg body
mass only, if the electrolyte was added between the animal’s skin and the sensor. The
response was slightly better after the hairs have been removed from the skin at the place
where the electrodes were located. On animals weighing more than 280 kg the desired
response was not reached. By further modifications of the Polar device the distance between
the two electrodes was increased and, thus, the response was achieved also on adult cattle
(Janzekovic et al., 2006; Ploj et al., 2006; Mursec & Cus, 2003).

The elastic belt with transmitter was located round the animals’ thorax. The used type of the
transmitter has two electrodes of 20.7 cm? size installed in a tightly closed frame. The two
electrodes are 9 cm long so that the ECG signal can be reliably recognized. That design ensures
complete water-tightness. It has ribbed surface for better contact with the skin. The two
electrodes are 9 cm distant from each other. On the calf the first electrode was located on the
left side between the shoulder-blade and back areas and at 3 to 4 cm below the control back
line. The second electrode was located in the area of the sternum. If the two electrodes and the
two places of their locating on the skin were wetted with ordinary water, better conductivity
between the skin and the two electrodes was reached. The heart beat signal was telemetrically
transmitted to the hand receiver which was worn on the hand and later on fixed to the girth
belt. The receiver calculated the heart beats on the basis of the time average algorithm between
two consecutive heart beats and counted in 5, 15 or 60s intervals (Seaward et al., 1990). For
measurements the apparatuses were set to the 5 second interval. The first read off value was
calculated from the first 4 values of the heart beat (Hopster, 1998). With the use of the maker’s
computer programme (programme package Polar HR Analysis, version 4.10) the data were
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electronically transferred to the personal computer (Mursec et al., 2000; Mursec et al., 2006;
Janzekovic et al., 2005; Janzekovic et al., 2005; Cus & Mursec, 2004; ).

Fig. 1. The alteration on girth belt with Polar Sport Tester transmitter adjusted by the author

By increasing the distance between the two electrodes it was, thus, possible to obtain
continuous signal also on adult animals. Care must be taken to place them on the chest of
the animal below and above the heart, taking care that the negative one is placed below, but
all the time priority must be to put them as far as possible from each other. Usually sweat
provides sufficient contact, but since its production depends on environmental factors and
sometimes can be unpredictable, water or special electrolyte mixture between skin and
electrodes advisable to secure the conductivity. Instead of the incorporated Polar transmitter
from the Sport Tester-Profi set the transmitter with two separated electrodes Polar Sport
Tester was used. The two electrodes were connected with two wires and connecting buttons.
On a specially made elastic belt for fixing of electrodes it was possible to change the distance
between the two electrodes according to the size of the animal (Figure 1).

2.1 The possibility of heart rate measurements in cattle with the updated equipment
The measurements are possible also with Polar Equine RS800CX G3 (Figure 2) horse training
system (Polar Electro Oy, Kempele, Finland) on the cattle. At the moment some
measurements are investigated on different categories of cattle. The electrical heart signals
that in-struct the heart to beat and create contraction can be measured on the skin by means
of two electrodes of the Polar Equine T56 W.ILN.D. transmitter. This coded, wire-less textile
transmitter has ECG accuracy and sends data even over 5m distance to the receiver for
further analyses or storage. Electrodes are placed on the chest of the horse below and above
the heart, taking care that the negative one is placed below, but all the time caution must be
taken to put them as far as possible from each other. Usually sweat provides sufficient
contact, although water or special electrolyte mixture has been used to secure the
conductivity. The set also included Polar G3 GPS Sensor which tracks the route on mapping
software, like Google Earth. It enables record of altitude, speed and distance, likewise with
the software provided color change was possible on the route trajectory when heart rate
intensity and workload was altered. This makes it the most complete heart-rate based train-
ing solution for horses, which accents its importance in the era of GPS introduction and
usage in biomedicine (Aerts el al., 2008; Hebenbrock et al., 2005).
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Fig. 2. State of art equipment for heart rate measurements Polar Equine RS800CX G3 horse
training system, including receiver, transmitter, GPS sensor, and software

2.2 Test measurements

In our test the cows” heart rate depended on various influences: farm (A and B), individual
cow, consecutive lactation (2, 3 and 4), consecutive measurements (M =1, 2, 3), morning and
evening milking (M = 1; E = 2). As an example, Figures 3 and 4 show the processes of the
HR on milking cows No. 3 (3 consecutive lactation) and No. 4 (2 consecutive lactation) from
the herd on the farm A.

Taking into account the differences in the process of the heart rate it can be concluded that
the influence on the HR is conditional upon the individual responsiveness of the cow. The
average HR of six units of measurements (Table 1) was 75.05 beats per minute on the cow
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Fig. 3. Measured heart rates of milking cow No. 3 and average of measurements
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Fig. 4. Measured heart rates of milking cow No. 4 and average of measurements

Cow 3 Cow 4
Total number of measurements 513 622
Average of heart rate (min?) 75.05 78.59
SD 9.27 6.27
CV (%) 12.35 7.98
SEM 0.41 0.25

Table 1. Basic statistics of the heart rate on cow No. 3 and No. 4 taking all measurements
into account

No. 3 (SD =9.27; SEM = 0.41) and 78.59 beats per minute on the cow No. 4 (SD = 6.27; SEM =
0.25). In spite of high variability of the HR during each measurement, which was 12.35 %, on
the cow No. 3 and 7.98 %, on the cow No. 4, the two average values are comparable.
Research on comparing telemetric and ECG data showed essentially identical heart rates,
differing only less than 5 bpm, which were mainly the result of depending how average heart
rate was calculated (Lefcourt et al., 1999). Nevertheless, changes can happen momentarily, and
attention is required in interpretation results in the means of delay time between computed
PST values and rapid heart rate alteration. This is in correlation with present study and even
more signifies the importance of HR monitors, likewise advantage of averaging responses.
Among the milking cows there were also differences in the quantity of the milk produced
and its composition on the day of measurements as shown in Table 2.

The cow No. 4, during three consecutive measurements (M1, M2, M3) produced 31.2 kg of
milk daily on the average (FCM = 27.79 kg; ECM = 23.77 kg), which is 5.3 kg more than the
cow No. 3 that, on the average, produced 259 kg of milk daily at the time of three
consecutive measurements (FCM = 30.73 kg; ECM = 29.31 kg). Higher daily milk production
relies on greater need for nutritive substances from the feed ration. In the same time,
intensive digestion and metabolism take place in the animal’s organism, which,
consequentially, can influence the heart rate. In relations to this, research by (Seo et al., 1998)
shows that tongue-playing caused as developing stereotype in calves, has a de-arousal
function to reduce sympathetic nervous activity especially after feeding and consequent
metabolic processes, and by that way also influence heart rate.

www.intechopen.com



Polar Sport Tester for Cattle Heart Rate Measurements

163

Measured Cow 3 Cow 4

property M1 M2 | M3 | Average | Ml M2 M3 | Average
Milk (kg/day) 23.8 | 28.0 | 26.0 25.9 32.0 32.6 29.0 31.2
Milk fat (%) 496 | 447 | 446 4.63 4.20 3.64 | 3.86 3.90
FCM (kg/day) 27.23 12997 | 27.79 | 28.33 32.96 | 30.84 | 28.39 30.73
Milk protein (%) 3.08 | 3.14 | 3.00 3.07 3.24 3.13 3.03 3.13
ECM (kg/day) 21.86 | 26.34 | 23.11 | 23.77 | 31.29 | 30.55 | 26.10 29.31
Milk sugar (%) 442 | 440 | 4.60 4.47 4.62 4.36 4.58 4.52

FCM = fat corrected milk to 4 % of milk fat
ECM = protein corrected milk to 3.3 % of milk proteins
Table 2. Properties of milk production during complete measurements on cows 3 and 4

On the cow No. 3 the fat content in milk during the average of three consecutive
measurements was higher for 0.73 percental point in comparison with the milking cow No.
4, whereas, conversely, the protein content was greater on the milking cow No. 4 (3.13 %).
Both milk sugar contents were lower than the average contents (4.7 %) started in technical
literature. Variations of the average lactose contents are not in accordance with the expected
values depending on the process of lactation itself. Generally in mammals heart frequency
increases or decreases for 4.5 beats per minute with respect to each breathing motion
independently of the body mass. The body mass of cows can have an effect on the heart
frequency through breathing frequency which can amount to 15 to 30 breathing motions per
minute on the cow in lactation. Numbers of heart beats are also influenced by cows’
reactions, in the first place by previous milking experience. With every consecutive parity
and increasing age, pressure is on higher milk yield, putting greater physiological demand
on the animal. Because of this, likewise possible accumulation of negative milking
experience, and changes in immune status (somatic cell counts), potential effect could be in
metabolism.

On the first successful insemination the cow No. 4 was 58 days younger than the cow No. 3
and 88 kg lighter (Table 3). The difference compels us to think that lighter and younger cows
with the first calf are maybe more stressed during their later productive period and,
therefore, have higher heart rate.

Established values Cow 3 Cow 4
First successful insemination (days) 542 484
Height of withers” 136 128
Height of the back” 138 131
Length of trunk” 140 130
Thorax circumference” 202 184
Calculated body mass (kg) 566 478

*- measured in cm on cows with first calf
Table 3. Age of cows 3 and 4 on the first successful insemination and body dimensions of
cows with the first calf

During the evening milkings average heart rate on the milking cow No. 3 and No. 4 was
higher than during the morning milking. The heart rate of milking cows was measured
during three followed up morning milkings: 74.23 beats per minute on the milking cow No.
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3 and 77.34 beats per minute on the milking cow No. 4. During three evening milkings the
milking cow No. 3 had 77.60 measured beats per minute, whereas the milking cow No. 4
had 81.87 beats per minute. According to one of the interpretations the found out
measurement results can be attributed to fluctuations in the warmth production and,
consequently, in the milking cow body temperature (Purwanto et al., 1990) depending,
particularly, on the age of the animal, sex, season, ambient temperature, muscular activity,
feed consuming, digestion and drinking of water. The normal rectal temperature of the
milking cows amounts to 38.6 °C with 38.0 to 39.3 °C range. On the Holstein cows the rectal
temperature starts to increase already at 21 °C ambient temperature, which is associated
with the decrease in appetite and milk production. Intensively fed animals have somewhat
higher temperature than the cows fed more poorly (Purwanto et al., 1990). According to the
digestion increases the body temperature for 0.2 to 1 °C, followed by an increase in heart
frequency (Rozman et al., 2006). Also from the measured heart rates of cow No. 3 and No. 4
it can be concluded that higher HR during the evening milking is partly a consequence of
more active metabolism and/or higher ambient temperature during the afternoon time.
Also as shown in study by (Gygax et al., 2008) all milking systems result in higher HR
values during milking than during resting, and more specifically vagal tone (related to
temperament and stress vulnerability; strongly reflects short-term, high-frequency
components of heart rate variability) is lower in cows with higher milk production. Since
milking process is stressful itself, should be expected to have higher values during it, and
decreased vagal tone and elevated heart rates are remarked during milking as compared to
resting.

3. Adapted PST apparatuses in milking parlour

As previously mentioned there is influence of milking systems on various physiological
parameters. Even cow handling (in the means of free or guided traffic) has some influence
on the heart rate values (Gygax et al, 2008). During milking in the milking parlour
surprising results were achieved in measuring the HR by modified Polar Sport Tester
apparatuses in production conditions with 27 cows (Table 4).

The reached data were processed in the statistical package SAS/STAT 1996 (Cary, 1996).

Property N Average | SD | KV (%)
Milk production (kg/milking) 162 13.03 346 | 26.55
Duration of milking (s) 162 407.8 | 65.24 | 16.00
Speed of consuming (g/min) 162 249.7 |59.12| 23.68
Consumed DM (kg/milking) 162 2.14 0.85 | 39.72
HR (min) average per milking 161 8238 | 11.55| 13.85
HR (min?)1-30s 161 84.70 |13.16| 15.54
HR (min-) middle of milking 156 8218 | 11.99| 14.59
HR (min?) last 30 s 111 8220 |11.23 | 13.66

HR = heart rate; DM = dry meal; SD = standard deviation; KV = coefficient of variability;

N = number of measurements

Table 4. Statistical parameters for milk production, duration of milking and consumption of
concentrate; mean value, standard deviation and coefficient of variability for heart rate
during milking
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New technologies in dairy industry, in the first place use of automatic milking systems,
affected research in relevant scientific fields. This is also accounted for welfare of the animal,
and study by (Gigaw et al., 2008) comparing these two figures concluded that there is no
serious impairment of the welfare when milking cows in automatic milking systems.

3.1 Relations between the average HR process and the variability coefficient

During the first two minutes of milking the process of variability of the average HR (Figure
5) was followed up with the variability coefficient. The average HR during milking
increased during the first 20 seconds when it reached the highest value 85.14 + 1.10 beats per
minute (r = 0.9859; P = 0.0141), SD 13.92 beats per minute; then during the next 15 seconds it
dropped to the average value 83.63 + 0.98 (r = -0.8387; P = 0.0184), SD 12.41 beats per
minute; afterwards it becomes slightly stable until the 50th second when from the value
83.53 beats per minute it drops until the 95 second to the lowest value 82.24 + 0.93 beats per
minute (r = -0.9642; P < 0.0001), SD 11.86 beats per minute. between 95 and 110 seconds it is
possible to see a slight increase in the HR to 82.71 + 0.97 beats per minute (r = -0.9283; P <
0.0001), SD 12.28 beats per minute. From the 111th second onwards again dropping until the
120th second is noticed in case of 159 measurements performed. During this duration of
milking the average HR amounted to 82.47 + 0.98 beats per minute (r = -0.9127; P < 0.0001),
SD 12.35 beats per minute.

After the first 5 seconds (t = 5 s) of measuring and/or duration of milking the value KV =
16.47 %, which is a higher value than KV = 11.30 % calculated from the value in case of the
normal range of the HR of adult cattle, which, according to amounts to 60 to 80 beats per
minute. Since in the same time we have to do also with increased average value of the HR it
can be concluded that parallel factors influence these two properties. After 10 seconds a
tendency towards reduction of variability for 0.26 % is noticeable; afterwards during 15
seconds of milking it stabilizes itself again to the initial value (KV =16.47 %).
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Fig. 5. Process of HR and variability coefficient during the first 120 seconds of milking
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That drop of the value of the variability coefficient could indicate the events before the start
of milking (prestimulation of udder, secretion of oxytocin, consuming the offered feed
concentrate), which, consequentially, still influenced the process of value of the HR
(increasing during the first 20 seconds) and the variability coefficient in the beginning of
milking. Due to differently long prestimulation time probably also a delay in responsiveness
of the value of the variability coefficient occurred, when the actual transition into the steep
drop of the variability coefficient took place prior to the drop of the average HR value. The
tendency towards the drop of variability did not stop at the 35 second level, where the HR
value calmed down, but that happened only in case of 50 seconds with the value 14.09 %. At
that time the drop of the variability coefficient amounted to 0.07 % per second on the
average. The HR value in the beginning of the calming down level during the 35th second
amounted to 83.65 beats per minute and the drop during the time between the 20th and 35th
second amounted to 0.02 %, i.e., 1.51 beat per minute. From the 35th to 50th second the HR
calmed down at the value 83.53 beats per minute followed by a rather steep drop within 10
seconds to the value 82.96 beats per minute. From the 60th to the 80th second of milking the
HR was near the value 82.90 beats per minute; afterwards it decreased again and, at the 90th
second, it reached the value 82.24 beats per minute. The motion of the variability coefficient
up to the 90th second is in dynamic variation within the values 14.51 to 14.05 %, which is the
lowest calculated value of the KV. From the 90th second of milking onwards the variability
coefficient steeply increases again for about 1 %, followed with 5 second delay by gradual
increase of the HR to the value 82.70 beats per minute at the 105th second, where it remains
at the same value level until the repeated drop at the 110th second, which practically follows
the previous drop of the KV with 10 second delay.

From the described process of the HR and KV it can be presumed that the greater decrease
or increase of the KV value (over the 1 %) with shorter or longer delay was followed by an
increase or decrease in the average HR value. In our case, the beginning of the change of the
curve progress (drop or rise) is a matter of variability as clearly shown in Figure 5 here
below, whereas reaching the calming down level is a matter of the HR.

3.2 Comparison and testing of differences in correlation values of HR process with
milking time and variability coefficient

Figure 6 shows the relations between the process of the average HR values and the time of
milking and progress of coefficients of correlations between the HR, KV of the heart
frequency and the time of milking.

After the first 20 seconds of milking the time of milking and the HR frequency are highly
positively related (r = 0.986; P = 0.0141), whereas during the same time interval the
statistically significant degrees of relatedness between the time of milking and the heart rate
KV were not found (r = - 0.107; P = 0.893). Herebelow the tendency towards repeated
increase of high negative relatedness of the heart frequency as well as the KV with the time
of milking is indicated.

Highly significant relatedness between the heart frequency and the time of milking can,
then, be traced up to the 120th second, although gradual constant exchanging of the increase
and decrease of relatedness up to its maximum value in the 95th second of milking (r = -
0.964; P < 0.0001) is followed by a turning point indicating the process of the increase of the
average value of the HR between the 95th and 110th second. After the 120th second the
relatedness of the heart frequency to the time of milking is still always significantly negative
(r =-0.916; P < 0.0001). After 35 seconds the KV is significantly highly negatively related
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Fig. 6. Process of average HR value during the first 120 seconds of milking, coefficient of
correlation (r) between HR, heart rate KV and time of milking

with the duration of milking (r = - 0.856; P = 0.014) up to the 50th second of milking when it
reaches the maximum relatedness (r = - 0.952; P < 0.0001) near the relation of the time of
milking to the HR. Between the 50th and 60th second the parallelism of the process of both
coefficients of correlations with the time of milking is interrupted, the negative relatedness
between the time of milking and the KV decreases (the KV increases again) and at the 120th
second of milking it reaches only one half or so of the greatest relatedness (r = - 0.586; P =
0.003. the degree of relatedness of the KV of the heart frequency only approaches zero, the
positive relatedness with the time of milking can be traced only on sections where the
negative relatedness decreases.

Figure 7 shows the process of the correlation coefficient and the coefficient of partial
correlation between the average value of the HR and its variability (KV) during milking.
During the initial 20 seconds of milking the actual relatedness of the HR and its variability is
negative and insignificant (r = - 0.663; P = 0.368); it is possible to trace the transition into
positive relatedness between the 20th and 25th second, which coincides with the change of
the process of the heart frequency and its variability (see Figure 4). The highest relatedness
was noticed after the 35th second of milking (r = 0.952; P = 0.0016), then it decreases and
after the 65th second it reaches the lowest value after the turning point (r = 0.709; P =
0.0059). Then up to the 120th second of milking the heart frequency and its variability have
the tendency towards the positive relatedness (r = 0.903; P < 0.0001).

As the heart dynamics is usually monitored by the nervous system (Peng et al., 1993) and
also by hormonal influences, this would imply that the sound heart as an example of
arousable medium incorporates a mechanism responsible for prevention of the extremes of
the heart rhythm. The change of the dynamics of the heart frequency is probably also a
consequence of the changed hormonal status in the organism, when the udder stimulation
during the time prior to milking is transmitted through nervous stimuli over the
hypothalamus into the hypophysis where the hormone oxytocin is secreted from the
neurohypophysis into blood; its secretion is additionally stimulated by consumption of the
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feed concentrates through gastrointestinal hormones. According to these authors the
increased concentrations of the injected oxytocin have an effect on the heart rate blood
pressure and minute volume; this was reflected in our test in such a way that from the 60th
second onwards during milking the HR values were no longer normally distributed.

Also the non-planned fall of a cow into the milking canal confirmed that the HR can be one
of important indicators of stress state of the animals. Upon the fall the average HR of 205
beats per minute was measured, which represents 218 % of the average of the same cow
during other evening milkings. Here, a considerable deviation from the preceding state of
the heart rate frequency was concerned, which, however, cannot be a parameter for
establishing the influence of stress in case of apparently healthy animals, when in answer to
occurrence of metabolic trouble, i.e. acidosis, the sympathic nervous system, acting on the
haemodynamic variables, is activated: the contractability of the heart muscle, the heart rate
and the minute volume are increased.
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Fig. 7. Process of average heart rate value during the 120 seconds of milking, correlation
coefficient (r) and coefficient of partial correlation (partial r) between HR and KV of HR
during milking

4. Conclusion

The use of measuring of the heart frequency as an indicator of stress in the course of feeding
milking cows with concentrates in the milking parlour is recommendable only
conditionally, namely for the cases when the healthy animals have available balanced basic
ration and a sufficient quantity of feed concentrates. The used methods of following up the
process of milking, e.g., measuring of the electric activity of the oxytosynergic nervous cells,
changes in intramammary pressure, concentration of oxytocin in blood and recording of the
milk flow characteristics, could be complemented by a more non-invasive method, e.g.,
measuring of heart frequency so that more precise and, particularly, faster following up of
the events before and during milking would be introduced, based on good familiarization
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with the changes of the heart rhythm features and correct evaluation of influences on their
change.

Variability of the HR can indicate individual response to the stress and vulnerability due to
stress. The study shows that the PST values importantly reflect the HR frequency and its
variability; therefore, we have concluded that the PST is adequate for measuring the heart
rate and the variability of the HR on milking cows.

The process of the correlation coefficients shows that in our case, up to 25th second of
milking, a dynamic turning point of relatedness between the HR, KV and partial relatedness
of the HR and KV with the milking process are in question. Another obvious change took
place during that time between the 55th and 65th second of milking. In our test, during the
first two minutes of milking, the average value of the heart frequency was more related with
the time of milking than its variability.

According to our findings, the measured properties of the HR during the first 5 and 120
seconds of milking had the smallest variability on the cows in the fourth consecutive
lactation; the highest variability was recorded on cows in the third consecutive lactation,
producing the greatest average quantity of milk during each milking, with the highest fat
content and the lowest content of proteins and lactose.

In consideration of the mentioned relationship between the amount of concentrate and HR,
our assumption is that cows could not consume all available concentrate and for that reason
the HR was elevated. The analysis of the data with D' Agostino - Pearson test of normality
suggests that distribution of the heart rate was changed between 60 and 65 second of
milking and was continually persistent up to 120 second of milking. The nondirectional
alternative hypotesis supported at 0.001 level cleary suggests that the data sets of heart rate
were not derived from a normally distributed population between 60 and 65 second and
furthermore, between 95 and 100 second of milking. The assessment of heart rate
measurement provides several advantages over blood measurements as the measuring
procedure is non-invasive and stress-free, making it ideal for use on healthy animals like a
physiological indicator of stress and in psychoneuroendocrinological research.
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