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Simple Summary: Cows are usually kept in indoor housing. They receive daily feed of similar
composition at fixed times. A regular daily routine means that the cows’ behavior during the day
is usually similar and does not vary from day to day. Cows grazing on pasture, however, must
adapt their behavior to the changing composition of the grasses. The study was conducted on
64 Holstein-Friesian (HF) cows and 54 Brown Swiss (BS) cows between August 2016 and October
2017. The animals were equipped with sensors measuring the time spent on feed intake, rumination,
physical activity, and rest. In winter, the cows were fed mainly on hay, while in summer, they took
forage from pasture or freshly cut forage distributed in the barn. The study also showed behavioral
differences between the HF and BS breeds. HF cows, regardless of location or forage type, spent
more time foraging and chewed less than BS cows. A similar relationship was observed across all the
lactation groups being studied.

Abstract: Cow pasturing poses many logistical and nutritional problems. Animals have more
difficulty accessing pasture feed and require more time to consume the equivalent amount of dry
matter compared to total mixed ration (TMR) feed from a feed table. The study was conducted during
August 2016–October 2017 on 64 Holstein-Friesian (HF) cows and 54 Brown Swiss (BS) cows. All
animals were equipped with CowManager sensor devices, and the cows’ behaviors were recorded:
time spent on feed intake, rumination, physical activity, and rest. In winter, cows were mainly fed hay,
while in summer, they took forage from the pasture or freshly cut forage provided in the barn. The
study showed that the time of day had a significant (p < 0.001) effect on the cows’ feeding behaviors.
The study also showed behavioral differences between HF and BS breeds. HF cows, regardless of the
location and type of feed provided, spent more time on feed intake and chewed less compared to
the BS breed. These differences were observable in all studied lactation groups. Animals were most
willing to take forage two hours before sunrise and two hours before sunset and showed an increased
willingness to take feed immediately after leaving the milking parlor.

Keywords: cows’ behavior; pasture; organic production; Holstein-Friesian; Brown Swiss

1. Introduction

Pasture is the natural environment for dairy cattle. It is an environment where animals
have the opportunity to express natural behavior, interact with other individuals, lie down
in different body positions, and selectively take up pasture forage. Access to pasture also
has a positive impact on animal health and increases overall welfare [1]. It has been shown
that cattle housed on pasture are less likely to develop mastitis [2,3] and lameness [4].
Despite the beneficial effects animals derive from pasture, the number of farms using this
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method is currently declining in Europe. This is related to the intensification of both animal
and crop production [5]. In Europe, the Holstein breed is still the most popular breed, with
many years of selection aimed at improving traits related to milk yield. Pasture feeding,
despite its many advantages, is not suitable for high-yield cows due to the relatively low
energy value of green fodder compared to TMR feed. Therefore, grazing is used mainly by
small farms that employ pasture as a form of cheap feeding scheme during the summer
season. However, there are countries in the world that base a significant part of their
dairy production on pasture grazing. Two examples are New Zealand [6] and Ireland [7].
These countries have introduced parameters into their cattle selection indexes that take
into account pasture use, the seasonality of calving, and longevity. Consequently, the
genetic traits of Irish and New Zealand cows are adapted to a pasture-based feeding model,
as opposed to the common genotype of high-yield Holstein-Friesian cows that require
intensive feeding.

As the intensity of dairy production has continued to increase over recent years,
consumers have started to pay increasing attention to the welfare conditions of the animals
from which the products they buy are derived. For the consumer, it is important that dairy
cows are provided with the highest possible welfare, including the opportunity to go out
to pasture [8]. In response to this demand, various agricultural certification schemes are
becoming increasingly popular. Examples include the organic farming system [9] and
Bio Suisse [10]. Having a product certified under these schemes gives the customer the
assurance it has been sourced from animals that have been provided with high levels of
welfare and access to pasture. Therefore, it is possible that increasing numbers of large
dairy cattle farms will start using pasture grazing over the next few years. However, it
should be noted that the introduction of pasture feeding involves many changes, not only
in the organization of the farm itself, but also in the behavior and circadian rhythm of the
cows themselves.

The behavior of dairy cows housed in a free stall barn is fairly stable; the total duration
of activities spent on fulfilling basic behavioral needs per day varies from 20 to 21.5 h in
a 24 h period, of which 5–5.5 h is for eating, 12–14 h is for resting (lying down), 10 h is
for ruminating, 30 min is for drinking water, and 1.5 h is time spent in passageways and
on other social behaviors [11]. Conditions in the barn are usually stable. Cows receive a
compositionally similar feed at the same times of day, every day. Small changes in the
structure of the TMR feed can result in slight increases or decreases in feed intake times,
which are generally imperceptible in the overall behavior of the cows. The situation changes
when the cows go out to pasture. Pasture forage is more difficult to take up, its composition
changes throughout the year, and the cows are exposed to changing weather conditions.

Despite the variable conditions, and it being more difficult to intake pasture forage,
cows are happy to stay on the pasture. Many works relating to behavior and welfare have
highlighted the strong motivation that cows have to stay on pasture when given the choice
between pasture and barn. This is not a simple relationship, and this choice is influenced by
a number of factors, including weather conditions, vegetation stage, time of day, and milk
yield [12–14]. Animals housed on pasture change their behavior compared to cows housed
in barns. This is related to greater opportunities for social interaction and the different form
of forage intake. Pasture fodder is more difficult for the animals to access and, therefore,
intake activities tend to take longer than for the easily accessible TMR feed [15,16]. Keeping
cows on pasture for most of the day can also cause changes in their circadian cycles. Cattle
are crepuscular animals, showing increased activity around sunrise and sunset [17]. On
pasture, the diurnal rhythm is undisturbed, unlike the conditions in the barn, where the
lights are on during the winter season several hours after dark as well as before sunrise. As
a result, nighttime in the barn lasts only a few hours. In addition, the presence of attendants
in the barn also affects animal behavior.

It has been shown that, as the growing season progresses and the composition of
the pasture sward changes, the cows’ preferences also change. Cows are most likely to
take fresh spring forage, whereas, when the quality of forage deteriorates as the season
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progresses, cattle prefer to take the readily available and high-energy TMR feed [13]. The
motivation of cattle to take in sufficient energy is very strong; hence, cows with lower
productivity are more likely to stay on pasture compared to high-yield cattle, which
prefer the readily available TMR feed [12]. Atmospheric conditions, and especially the
temperature humidity index (THI), can also influence the cows’ preference for housing. At
high THI indices (THI >72), cattle seek shelter and prefer a shaded barn, whereas, if the
temperature remains within the comfort limits, cattle prefer to stay on pasture.

Failure to provide cows with opportunities to express their natural behavior can result
in reduced productivity and increased stress levels in the herd [18]. Hence, careful moni-
toring of the animals’ circadian behavior is essential to optimize production systems [19].
Knowledge about the activities of individual cows results in valuable information about
their health status. These days, cows are equipped with many different types of sensors
to measure some of their specific behaviors, such as number of steps, chewing time, or
time spent on feed intake. Depending on the model, these sensors are mainly used to
detect estrus and lameness. There is a growing body of work demonstrating the possibility
of using cow behavior monitoring for the early detection of mastitis, metabolic diseases,
or heat stress [20,21]. Most of this type of research focuses on assessing the behavior of
high-yield Holstein cows kept in barns, but there is little work comparing the feeding
behaviors of cows of different breeds or cows kept less intensively. Companies involved in
the production of monitoring systems for herd management are also increasingly imple-
menting additional types of functionality into their equipment, including for the detection
of different types of disease and alarms warning of the possibility of heat stress. Such
systems usually work well under barn conditions where the cows’ behavior is comparable
from day to day and any deviation from the norm can indicate the onset of a disease
entity. Under pasture conditions, cow behavior is not stable and can change depending
on many factors. In order to be able to implement such solutions in grazing barns, it is
first necessary to know the specific behavioral characteristics of cows of different breeds
in different conditions and environments. The results of the few works that describe this
issue indicate that animal behavior differs significantly depending on production potential,
feeding regime, and breed. O’Connell et al. [22] compared the behavior of HF cows that
had high and low production potentials. They indicated that cows with high potential
had shorter grazing periods, higher feed intake rates, and spent more time ruminating
compared to HF cows with lower production potential. McCarthy et al. [23] showed that
cows specifically selected for pasture feeding (New Zealand Friesian) grazed longer, but
had lower pasture sward grazing rates compared to HF cows. Prendiville et al. [24] showed
that there were differences in ruminating time between HF and Jersey (JE) breeds, with
HF cows spending more time ruminating than JE cows. Failure to account for differences
in the behavior of cows of different breeds housed in different environments can result in
erroneous alerts generated from automated herd monitoring systems. An example of this
is the difficulty in detecting heat in cows housed on pasture and associated with greater
physical activity compared to cows in barn conditions [25].

The purpose of this study was to investigate the differences in the behavior of Holstein-
Friesian and Brown Swiss cows under organic production conditions. Three methods of
feeding were considered: pasture-based feeding, hay-based feeding in the barn, and
fresh grass provided on the feed table in the barn. Demonstrating the differences and/or
similarities in the daytime behavior of cows of different breeds may help to better organize
production, especially in an organic system where cows usually have large areas of pasture
available. It could also be the basis for further research into new systems for detecting
behavioral changes in individual animals in the herd, which would contribute to the earlier
detection of disease entities and thus improve the welfare of cows.
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2. Materials and Methods
2.1. Location of the Experiment

The research was conducted on a certified organic, biodynamic farm in Juchowo,
located in West Pomeranian Voivodship (Poland). The farm keeps Brown Swiss (BS) (about
120 head) and Holstein-Friesian (HF) (about 250 head) dairy cattle in a free-stall box system
(for lactating cows) and a free-stall deep litter system (for dry cows). The average herd
performance during the study was about 6500 kg of milk per standard lactation, with an
average fat content of 4.21% and protein content of 3.32%. Cows were milked twice a
day on a Happel 2 × 16 herringbone-type milking parlor. The morning milking started
around 5:00 a.m., and afternoon milking started at 4:00 p.m. Cows were admitted to the
hall according to their associated lactation group, starting with the group that were in
the first stage of lactation. The parlor was equipped with built-in ICAR-certified milk
yield measuring equipment installed in the collection manifolds for each station. The fat
and protein content information came from monthly tests conducted as part of the herd’s
milking performance evaluation carried out by the Polish Federation of Cattle Breeders
and Milk Producers.

The way in which the animals were fed depended on the season. During the winter, it
was based on ad libitum hay with the addition of concentrated feed and vitamin and mineral
supplements. Hay distributed on the feed table was not crushed or mixed with other feeds.
During the grazing season, whenever possible, the animals went out to pasture to take in
pasture fodder. The cows were grazed on pastures in a rotational system with technological
grouping, taking into account the stage of lactation. The pasture stocking rate was about
10 cows per hectare. The botanical composition of the pastures and their productivity
is shown in Figure 1. The pastures were distributed on slightly undulating terrain with
hills whose relative heights did not exceed 5 m. The time spent on the pasture depended
on weather conditions (temperature and rainfall). When conditions were favorable, the
animals spent approximately 20 h a day on pasture, going down to the barn only for
milking. After milking, they received a concentrated feed supplement, the amount of which
depended on the cows’ stage of lactation (from 6 to 8 kg at the beginning of lactation, 3 to
4 kg during the middle phase of lactation, and 1 kg at the end of lactation—feed concentrate
per cow per day). The concentrated feed ration consisted of oats, lupine, and barley, and
mineral additives in the form of sea salt, fodder chalk, and mixed vitamins and minerals.
The feed concentrate was divided into two portions: one given after the evening milking
and the other after the morning milking. In cases where the weather conditions were
unfavorable, the animals were fed with cut, green fodder (which had not been crushed or
mixed with other feed) delivered to the feed table in the barn.

2.2. Data Collection

The experiment began in August 2016 and lasted until October 2017. From the
herd, 118 cows (64 HF breed and 54 BS breed) were randomly selected. The selected
animals varied in age and stage of lactation. Group size data are presented in Table 1.
The body condition score (BCS) was assessed using the BCS-5 method described by
Edmonson et al. [26]; the average BCS for the cows was 3.0–3.4. During the study, the
cows were under veterinary care.

Table 1. Group size and milk yield of cows selected at the beginning of the experiment.

First Stage of Lactation Medium Stage of Lactation Last Stage of Lactation

HF BS HF BS HF BS

Number of animals 23 18 23 18 22 18

Milk yeld
(kg/day)

LSM 22.1 24.2 15.1 14.3 8.5 9.8

SEM 0.72 0.81 0.75 0.78 0.51 0.55
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Figure 1. Botanical composition and productivity of pastures.

The animals were fitted with CowManager sensor devices from Agis Automatisering
BV, Harmelen, the Netherlands. The sensors were installed according to the manufac-
turer’s recommendations on the left auricle. The sensors measured cows’ activity using
accelerometer-measured acceleration in three directions (3D). The data were then trans-
mitted to a router and then further to the system provider’s servers, where an algorithm
classified the data into individual activities (feed intake, rumination, rest, low physical
activity, high physical activity). While the animals were in the pasture, out of range of the
router, the data were stored in the device’s memory and exported to the Internet during
milking in the milking parlor where the router was located.

At the start of the experiment, this was still a new system, and there were no papers
available in the scientific literature dealing with the validation of this device. Therefore,
before starting data collection, the system was calibrated to adjust its sensitivity to the
specifics of the herd. This consisted of making visual observations of a selected cow’s
behavior at one-minute intervals over a period of one hour and comparing them with
data from the CowManager system. After 56 h of observations, covering different indi-
viduals, the following coefficients of determination were obtained, which allowed for the
concordance between the questionnaire’s records and the system readings: feed intake R2
= 0.86, rumination R2 = 0.97, and rest R2 = 0.94 [27]. It was assumed that the system was
sufficiently accurate in classifying the different types of cow behavior. Currently, other
works validating this system also confirm its applicability to this type of research [28–30].

The height of the pasture sward during the summer season was measured once a
week using a Jenquip EC10 Platemeter, with measurements being taken using the envelope
method at every 10 m. A minimum of 30 measurements were taken for each pasture
each time, from which the average height of the pasture sward was drawn. In order to
determine the amount of dry matter in the pasture grass, a representative sample of grass
was taken every two weeks from each of the pastures and meadows used in the experiment.
Determination of forage dry matter content was carried out by drying it at 70 ◦C. The
analysis of the dry matter content in the hay given to cows during the winter period was
carried out in the same manner.

The results obtained from the CowManager sensors were grouped into packets, each
corresponding to a particular hour. The data packets (1 packet = 1 h of measurement)
contained the total number of minutes spent by the cow on a particular activity per hour.
The data were additionally supplemented with, among other things, information on the
various types of disease entities that were detected by the veterinarian. Information
concerning lameness and the occurrence of estrus were also included in the created database.
As a result of the experiment, which ran from August 2016 to October 2017, more than
960,000 data records were collected.
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2.3. Statistical Analysis

Due to the significant behavioral changes that occur during the onset of various
disease entities, estrus, and the periparturient period, such animals were not included in
the statistical analysis. Data collected during the two transition periods from winter to
summer feeding and the transition from pasture to winter feeding were also excluded from
the analysis. During these periods, the time spent by the animals on pasture was gradually
lengthened (in spring) and gradually shortened (in autumn). Any frequent changes in the
feed ration during these periods could affect the behavior of the cows; hence, these data
were not included in the statistical analysis. The final analysis included 181 days of winter
feeding, 108 days of pasture feeding, and 64 days of grass feeding in the barn. Excluded
from the analysis were 24 days of grass feeding in the barn during rainy days and 75 days
of transitional feeding.

In order to analyze the overall behavior of cows in different lactation phases and
feeding regimes, hourly data were summed to obtain the total amount of time spent
performing a given activity by a single animal per day (min/day). Complete data were
used to analyze the effect of milking time on cow behavior.

Statistical analysis was carried out using IBM SPSS 23 software. A mixed model with
multiple variables was used for the calculations.

Yijk = µ + Ai + Bj + Ck + (Ai × Bj) + (Ai × Ck) + (Bj × Ck) + (Ai × Bj× Ck) eijk

where Yijk is the dependent variable, Ai is the breed effect (where i = 1 or 2, in which 1 = HF,
2 = BS), Bj is the feeding effect (where j = 1–3, in which 1 = winter feeding, 2 = pasture
season, and 3 = fresh grass in the barn), and Ck is the lactation stage effect (where k = 1–3, in
which 1 = first stage of lactation, 2 = middle stage of lactation, and 3 = last stage of lactation);
(Ai × Bj) is the fixed interaction effect between breed and feeding; (Ai × Ck) is the fixed
interaction effect between breed and stage of lactation; (Ai × Bj × Ck) is the fixed interaction
effect between breed, feeding, and stage of lactation; and eijkl is the random error.

The triple interaction was not cosidered in the results as it was not significant. The
analysis of the covariance structure presented the UN structure as the covariances between
the repeated measurments below and above the diagonal. Spearman’s correlation was used
to evaluate the relationship between the amount of dry matter in the feed ration and the
time spent on intake. For multivariable comparison, Fisher’s LSD test was applied.

3. Results

The analysis of the effects of breed and diet on cow behavior and milk quantity and
composition showed significant differences. BS cows had higher yields compared to HF
cows in terms of both milk quantity and fat and protein content (Table 1). The high standard
deviation numbers are due to a failure to include the effect of the lactation phase in the
analysis. This was due to insufficient data on the composition and quantity of the obtained
milk.

The behavioral differences between HF and BS cows for all the analyzed feeding
scenarios were also statistically significant (p < 0.001). Regardless of the feeding season,
cows of the HF breed spent more time ruminating compared to the BS breed. In contrast,
the BS breed spent more time on feed intake compared to HF cows. Activities related to
physical activity and inactivity for both breeds were also statistically significant, but the
differences found in chewing were not as large as those for rumination and feed intake.
Nevertheless, it was shown that during pasture feeding, the HF breed cows showed more
activity compared to the BS breed cows. The opposite situation was observed during winter
feeding, where higher locomotor activity was observed in BS cows (Table 2).
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Table 2. Effect of breed and feeding system on milk yield and cow behavior. HF—Holstein-Friesian,
BS—Brown Swiss, LSM—least squares mean, SEM—standard error of the mean, and (Ai × Bj) is the
fixed interaction effect between breed and feeding. Means (for cattle breed in the row) marked with
the same letters differ significantly at: lowercase letters, p ≤ 0.05; uppercase letters, p ≤ 0.01.

HF BS p-Value

LSM
/SEM Winter Pasture

Fresh
Grass in

Barn
Winter Pasture

Fresh
Grass in

Barn
Breed Feeding Interaction

(Ai × Bj)

Milk (kg) LSM 12.1 AB 18.3 A 17.9 B 15.3 AB 19.8 A 18.7 B
<0.001 <0.001 0.143SEM 0.53 0.59 0.80 0.59 0.73 0.95

Fat (%) LSM 4.2 Ab 3.65 A 3.81 b 4.54 AB 3.93 A 3.95 B
<0.001 <0.001 0.140SEM 0.05 0.06 0.08 0.06 0.07 0.09

Protein (%) LSM 3.48 ab 3.1 a 3.1 b 3.8 AB 3.34 Ac 3.46 Bc
<0.001 <0.001 0.337SEM 0.03 0.03 0.05 0.03 0.04 0.05

Ruminating
(min/day)

LSM 507 AB 475 AC 551 BC 459 AB 436 AC 482 BC
0.000 0.000 <0.001SEM 0.89 0.98 1.25 1.03 1.20 1.52

Eating
(min/day)

LSM 343 Ab 461 AC 350 bC 350 AB 499 AC 372 BC
<0.001 0.000 <0.001SEM 1.05 1.16 1.48 1.22 1.42 1.80

Not Active
(min/day)

LSM 403 AB 278 AC 360 BC 418 AB 293 AC 380 BC
<0.001 0.000 0.179SEM 0.98 1.08 1.38 1.14 1.33 1.68

Active
(min/day)

LSM 192 AB 231 AC 213 BC 218 a 216 b 210 ab
<0.001 0.000 <0.001SEM 0.77 0.85 1.09 0.89 1.04 1.31

The dry matter content of pasture green fodder and grass provided in the barn varied
throughout the year from 14% to 20% and depended on the weather conditions and
vegetation stage. Hay fed to cows during the winter period had between 88% and 90% dry
matter. The correlation coefficient between the feed’s dry matter content and time spent by
cows eating was −0.382 (p < 0.001).

Comparing groups of cows at different stages of lactation also showed significant
differences in behavior by breed and feeding season (p < 0.001) for all the analyzed groups.
Time spent on feed intake during winter feeding increased as the lactation stage progressed.
Animals in the final stage of lactation spent an average of 19 min longer at the feed table
for the BS breed and 21 min for the HF breed, when compared to cows in the initial stage of
lactation. A similar relationship was observed when cows were fed fresh grass in the barn.
During pasture feeding, the differences between groups were insignificant (Figure 2).

When analyzing changes in the circadian cycle, the cows were divided by breed,
lactation phase, and location (pasture or barn). It was found that, both for cows housed in
the barn and cows grazing on pasture, the feed intake peak occurred around one hour after
milking. A similar increase in feed intake was found for both the morning and evening
milking. Morning milking started at around 5:00 a.m., while afternoon milking started at
4:00 p.m. Cows entered the parlor according to their lactation grouping, starting with those
at the beginning of their lactation and, hence, the shift in peak feed intake in each group
(Figure 3).

A succession of increased forage intake activity can be observed around 11 a.m., after
which there is a decrease in the cows’ interest in forage. Cows of both breeds, regardless
of whether they were on pasture or in the barn, spent the least amount of time on feed
intake in the hours before the evening milking and during the night. The influence of the
night period is particularly evident in the case of cows on pasture, which between 9 p.m.
and 1 a.m. hardly took up any forage at all, but, instead, spent a lot of time ruminating
(Figure 4).
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cows on pasture and in the barn. FS—first stage of lactation, MS—middle stage of lactation, LS—
last stage of lactation, HF—Holstein-Friesian, BS—Brown Swiss. Morning milking started around
5:00 a.m. and afternoon milking started at 4:00 p.m. Cows were admitted to the hall according to
their associated lactation group, starting with the group of cows in the first stage of lactation.
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Figure 4. Changes in ruminating intensity on a daily basis for Holstein-Friesian and Brown Swiss
cows on pasture and in the barn. FS—first stage of lactation, MS—middle stage of lactation, LS—
last stage of lactation, HF—Holstein-Friesian, BS—Brown Swiss. Morning milking started around
5:00 a.m. and afternoon milking started at 4:00 p.m. Cows were admitted to the hall according to
their associated lactation group, starting with the group of cows in the first stage of lactation.

4. Discussion

The time spent by cows on individual activities can vary depending on the factors
involved, for example, milking time, frequency and time of feeding [31], and the type of
feed and its fineness [32,33]. In the present study, the cows’ time budgets were analyzed in
relation to their diet (summer feeding—pasture, summer feeding—fresh grass in the barn,
winter feeding—hay), lactation group (FS, MS, LS), and breed (HF, BS).

It is known that the time spent on pasture intake varies with the restrictions placed
on the amount of time animals spend on pasture during the day. The cows’ motivation
to take forage from the pasture is very strong, so reducing the time that the pasture is
accessible increases the intensity of forage intake and reduces the time spent on other
activities, such as resting and ruminating [34]. In this study, the focus was on analyzing
natural behavior without restrictions on access to pasture. The animals studied were on
pasture for approximately 20 h per day. The greatest changes in behavior were shown
between cows housed on pasture with those in the barn. Pasture forage intake times
averaged 460 min/day; while in contrast, the time spent by cows picking up feed from the
feed table averaged 346 min/day for hay and 360 min/day for freshly cut pasture forage
delivered to the feed table. This large difference between the two groups is due to the lower
availability of forage on the pasture and the different physiology involved in forage intake.
When cattle take forage from the pasture, they wrap their tongues around clumps of grass
and tear them off. This method makes feeding increasingly difficult as the length of grass
becomes shorter, resulting in cows spending more time on eating activities [35]. Fodder on
the feed table can be taken in larger bites, which significantly reduces the time needed to
satisfy hunger.

The results obtained in this experiment concerning the time taken by cows to take up
forage correspond to some of the results obtained by other authors. Perez [35], in his work,
recorded 430 min of grazing per day when access to pasture was limited to 9 h per day.
Soca et al. [34] observed 486 min/day with unrestricted grazing. Other authors observed
much higher values for forage intake time. RG Pulido and JD Leaver [36] obtained a figure
of 541 min/day, but this experiment was conducted on pasture with a sward height of up
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to 9 cm. In a study by Rossi et al. [37], cows were grazed on pastures that had different
yields: 2100 and 2800 kg d.m./ha. The animals spent 552 and 462 min/day on forage
intake, respectively. In contrast, R. Prendiville [24], during a study on the behavior of HF
and JE cows, obtained average pasture forage intake times of 648 min/day. This value is
significantly higher than the study in question, especially considering the similar average
productivity of the cows (about 16.9 kg/day). The authors pointed out that the increased
intake time was probably influenced by the height of the pasture sward. This ranged from
10.9 to 11.4 cm before grazing and 5.3 to 4.9 cm after grazing. In the present study, the grass
height oscillated around 12 cm during the summer and 7 cm at the beginning and end of the
grazing season. The minimum recorded value after grazing was 5 cm, at the beginning of
May and in October. These measured sward heights are similar to measurements made by
McCarthy et al. [23], who reported an average pasture forage uptake time of 504 min/day,
with average sward surface heights before and after grazing of 22.8 and 7.9 cm, respectively.
Therefore, when comparing pasture forage intake times and pasture sward height, the
results are consistent with other authors, although this parameter is highly variable and
dependent on sward height and animal performance.

Cows housed in barns are usually fed with TMR feed. Many authors have carried out
studies on TMR feed intake times, with very divergent results: from 168 min per day [38]
to 210–300 min per day [15,39]. Nevertheless, compared to pasture-grazing cattle, cows
on TMR feed spend significantly less time on feed intake. In the current study, no TMR
feed was given to any of the groups under study. Cows in the winter period received a
feed consisting of hay fed ad libitum. For this period, the average feed intake time was
346 min/day. This is longer than in the studies cited above and is probably due to the fact
that feed intake time was also influenced by feed structure and dry matter content. Forage
with a high content of structural fiber (NDF) is taken up more slowly than forage that is
more finely ground [40]. In addition, hay tends to have a significantly higher dry matter
content compared to TMR feed.

Analyzing the behavior of cows with respect to their stage of lactation showed slight
increases in feed intake time as lactation progressed. This result is in contrast to that
obtained by Løvendahl and Munksgaard [41], who recorded the highest feed intake times
for cows in the early stage of lactation. However, it should be emphasized that the cows in
the cited study were high-producing animals, which produced more than 30 kg of milk per
day. In the experiment presented here, the cows produced an average of only 16 kg of milk
per day, making their energy requirements, even in the early stage of lactation, much lower
than high-yielding cows. It appears that high milk yields can also affect other types of cow
behavior that are not related to feed intake, such as lying time and movement within the
barn [42]. In contrast, a study by Munksgaard et al. [43] found no differences in feed intake
time for cows at different stages of lactation with an average yield of about 26 kg milk/day.

In the present study, the average rumination time for cows on pasture was 480 min/day,
which was similar to results obtained by Watt et al. [44], who, in their study, showed that
cows with permanent access to pasture usually ruminated for 487 min/day. Similar results
were also found in a meta-analysis by Perez-Prieto and Delagarde [16], who showed that
cows grazing on pasture ruminated between 380 and 477 min/day, with a milk production
above 30 kg/day. Polock et al. [45], on the other hand, in a study conducted on high-
yielding HF cows, showed that the average rumination time was 330 min/day.

It has been shown that the behavior of cows is dependent on where they are housed.
The behavior of the animals housed in barns can be influenced by the workers carrying out
their daily duties and the associated disruption due to the light cycle. When the lighting
is on, it can stimulate cows to be more active in the feed table area. In the barn where the
study was conducted, daily animal handling activities typically lasted from 5 a.m. to 9 p.m.,
which could significantly affect natural circadian behavior. In the case of the animals that
spent most of their time on pasture, the rhythm of the solar day was not disturbed by
artificial lighting because, during the summer, the animals participating in the experiment
went out to the pasture before sunset and returned for morning milking after sunrise. The
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behavior of animals in barns is also influenced by the cyclical distribution of feed. It has
been proven that the moment when the feed is given is a strong stimulus for the animals to
take up the feed [46].

The time of day was also significant in relation to the time at which the cows ruminated.
Similar to other works [47,48], in the present study, the majority of observed ruminating
time also occurred at night. As with feed intake, the cows on pasture showed greater
diurnal behavior changes than cows housed in the barn.

Both HF and BS breeds are typical dairy breeds characterized by high production.
However, each of these breeds have been genetically improved in different ways. HF
cows were improved mainly to produce large quantities of milk in an intensive farming
environment, whereas the BS breed was improved mainly to produce high-quality milk
for cheese production [49,50]. The results of selection have also led to different weather
condition sensitivities. It has been demonstrated that BS cows are better adapted to high
temperatures compared to the HF breed [51]. The current work did not focus on evaluating
the milk yield of the HF and BS breeds; however, under extensive organic production
conditions, it was shown that the BS breed produced milk with significantly higher fat and
protein content compared to the HF breed.

An analysis of the behavior of the two breeds in the study indicated significant
differences in their behaviors according to location and diet. There are few reports in the lit-
erature on the behavior of BS and HF breeds when they are fed extensively. Braun et al. [46]
showed that BS cows fed hay ad libitum with an average milk production of 20–25 kg spent
445 min/day on feed intake and 388 min/day on rumination. The quoted results differ
from those obtained in the current experiment, in which the times for feed intake and ru-
mination during the winter season were 350 min/day and 459 min/day, respectively. The
higher feed intake time observed by Braun et al. [46] may be due to the higher productivity
of the cows—as productivity increases, the average dry matter intake increases. In another
study, also conducted on BS cows fed hay with silage, it was shown that cows took up feed
for an average of 316 min/day [47]. This result is more in line with the forage intake times
for BS cows during winter feeding in the present study (350 min/day).

Another example of a similar study is a work by Graf et al. [48], who, for BS cows that
grazed all day and night on pasture, measured average forage intake times of 532 min/day
and rumination times of 344 min/day, with an average yield of 17.6 kg/milk. Again,
despite the similar performance of the animals, the results differ significantly from those
observed in this study for BS cows on pasture feeding (499 min/day for forage intake and
436 min/day rumination). In contrast, for HF cows fed on pasture, other authors reported
forage intake times averaging 522 min/day [52], that is, 497–520 min/day depending on
grass height [53]. In contrast, observed rumination times averaged 464–533 min/day [53].
The HF cows in the present study spent slightly less time grazing (461 min/day) compared
to the results of the other authors, while they spent a similar amount of time ruminating
(475 min/day).

By comparing the two studied breeds, it was demonstrated that BS cows spent more
time on feed intake and less time on rumination compared to HF cows. Similar results were
obtained by Hanada et al. [54], who also studied BS cattle. Casasús et al. [55], studying the
behavior of BS and Pirenaica heifers, also showed that BS animals spent significantly more
time on feed intake compared to the Pirenaica breed.

5. Conclusions

Cow behavior is very complex and can be influenced by factors such as the structure
of the supplied feed, the way in which it is supplied, animal performance, and the feeding
regime. The study showed behavioral differences between HF and BS breeds. HF cows,
regardless of the location and type of feed provided, spent more time on feed intake and
chewed less compared to the BS breed. These differences were visible in all studied lactation
groups. The presented results testify to a need to take the natural behavior of cows into
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account in herd management, especially when keeping animals under pasture conditions
where cyclical changes in feed rations change their daily behavior.

Author Contributions: Conceptualization, K.P. and G.G.; methodology, K.P.; software, G.G.; valida-
tion, K.P. and M.G.; formal analysis, G.G., J.S., K.P., and T.S.; investigation, K.P. and G.G.; resources,
T.S.; data curation, T.S.; writing—original draft preparation, K.P. and G.G.; writing—review and
editing, K.P. and G.G.; visualization, G.G.; supervision, J.S.; project administration, T.S.; funding
acquisition, T.S.. All authors have read and agreed to the published version of the manuscript.

Funding: The partners of the ProYoungStock consortium gratefully acknowledge the financial
support for this project provided by the CORE Organic Co-fund 2016/17 Funding Bodies, being
partners in the Horizon 2020 ERA-Net project CORE Organic Co-fund (Coordination of European
Transnational Research in Organic Food and Farming systems, project ID 727495). There was no
additional external funding received for this study. The funders had no role in the study’s design,
data collection and analysis, decision to publish, or preparation of the manuscript.

Institutional Review Board Statement: The Second Ethics Committee for Animal Experimentation
in Warsaw of the Ministry of Science and Higher Education (Poland) reviewed and approved all
procedures. All cows were handled in accordance with the regulations of the Polish Council on
Animal Care, and the Warsaw University of Life Sciences Care Committee reviewed and approved
the experiment and all procedures carried out in the study, approval number: WAWA2/086/2018.

Data Availability Statement: All data generated or analyzed during the study are included in this
published article. The datasets used and/or analyzed in the current study are available from the
corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Burow, E.; Rousing, T.; Thomsen, P.; Otten, N.; Sørensen, J. Effect of grazing on the cow welfare of dairy herds evaluated by a

multidimensional welfare index. Animal 2013, 7, 834–842. [CrossRef] [PubMed]
2. Fregonesi, J.A.; Leaver, J.D. Behaviour, performance and health indicators of welfare for dairy cows housed in strawyard or

cubicle systems. Livest. Prod. Sci. 2001, 68, 205–216. [CrossRef]
3. Haskell, M.J.; Rennie, L.J.; Bowell, V.A.; Bell, M.J.; Lawrence, A.B. Housing system, milk production, and zero-grazing effects on

lameness and leg injury in dairy cows. J. Dairy Sci. 2006, 89, 4259–4266. [CrossRef] [PubMed]
4. Olmos, G.; Boyle, L.; Hanlon, A.; Patton, J.; Murphy, J.J.; Mee, J.F. Hoof disorders, locomotion ability and lying times of

cubicle-housed compared to pasture-based dairy cows. Livest. Sci. 2009, 125, 199–207. [CrossRef]
5. Hennessy, D.; Delaby, L.; van den Pol-van Dasselaar, A.; Shalloo, L. Increasing grazing in dairy cow milk production systems in

Europe. Sustainability 2020, 12, 2443. [CrossRef]
6. Kendall, P.E.; Verkerk, G.A.; Webster, J.R.; Tucker, C.B. Sprinklers and shade cool cows and reduce insect-avoidance behavior in

pasture-based dairy systems. J. Dairy Sci. 2007, 90, 3671–3680. [CrossRef]
7. Verkerk, G. Pasture-based dairying: Challenges and rewards for New Zealand producers. Theriogenology 2003, 59, 553–561.

[CrossRef]
8. Clark, B.; Stewart, G.B.; Panzone, L.A.; Kyriazakis, I.; Frewer, L.J. A Systematic Review of Public Attitudes, Perceptions and

Behaviours Towards Production Diseases Associated with Farm Animal Welfare. J. Agric. Environ. Ethics 2016, 29, 455–478.
[CrossRef]

9. Regulation (EU) 2018/848 of the European Parliament and of the Council of May 30, 2018 on Organic Production and Labeling of
Organic Products and Repealing Council Regulation (EC) No. 834/2007. 2018. Available online: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A32018R0848 (accessed on 14 March 2023).

10. BioSuisse. Standards for the Production, Processing and Trade of “Bud” Products. Available online: https://international.bio-
suisse.ch/dam/jcr:47dc9f0b-3dae-4936-aed8-2f844ab88497/Bio%20Suisse%20Standards%202023%20-%20EN.pdf (accessed on 14
March 2023).

11. Deming, J.A.; Bergeron, R.; Leslie, K.E.; DeVries, T.J. Associations of housing, management, milking activity, and standing and
lying behavior of dairy cows milked in automatic systems. J. Dairy Sci. 2013, 96, 344–351. [CrossRef]

12. Charlton, G.L.; Rutter, S.M.; East, M.; Sinclair, L.A. Preference of dairy cows: Indoor cubicle housing with access to a total mixed
ration vs. access to pasture. Appl. Anim. Behav. Sci. 2011, 130, 1–9. [CrossRef]

13. Charlton, G.; Rutter, S.; East, M.; Sinclair, L. Effects of providing total mixed rations indoors and on pasture on the behavior of
lactating dairy cattle and their preference to be indoors or on pasture. J. Dairy Sci. 2011, 94, 3875–3884. [CrossRef] [PubMed]

https://doi.org/10.1017/S1751731112002297
https://www.ncbi.nlm.nih.gov/pubmed/23244468
https://doi.org/10.1016/S0301-6226(00)00234-7
https://doi.org/10.3168/jds.S0022-0302(06)72472-9
https://www.ncbi.nlm.nih.gov/pubmed/17033013
https://doi.org/10.1016/j.livsci.2009.04.009
https://doi.org/10.3390/su12062443
https://doi.org/10.3168/jds.2006-766
https://doi.org/10.1016/S0093-691X(02)01239-6
https://doi.org/10.1007/s10806-016-9615-x
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32018R0848
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32018R0848
https://international.bio-suisse.ch/dam/jcr:47dc9f0b-3dae-4936-aed8-2f844ab88497/Bio%20Suisse%20Standards%202023%20-%20EN.pdf
https://international.bio-suisse.ch/dam/jcr:47dc9f0b-3dae-4936-aed8-2f844ab88497/Bio%20Suisse%20Standards%202023%20-%20EN.pdf
https://doi.org/10.3168/jds.2012-5985
https://doi.org/10.1016/j.applanim.2010.11.018
https://doi.org/10.3168/jds.2011-4172
https://www.ncbi.nlm.nih.gov/pubmed/21787924


Animals 2023, 13, 1697 13 of 14

14. Legrand, A.; Von Keyserlingk, M.; Weary, D. Preference and usage of pasture versus free-stall housing by lactating dairy cattle. J.
Dairy Sci. 2009, 92, 3651–3658. [CrossRef]

15. Gomez, A.; Cook, N. Time budgets of lactating dairy cattle in commercial freestall herds. J. Dairy Sci. 2010, 93, 5772–5781.
[CrossRef] [PubMed]

16. Pérez-Prieto, L.; Delagarde, R. Meta-analysis of the effect of pregrazing pasture mass on pasture intake, milk production, and
grazing behavior of dairy cows strip-grazing temperate grasslands. J. Dairy Sci. 2012, 95, 5317–5330. [CrossRef] [PubMed]

17. Rook, A.J.; Huckle, C.A. Activity bout criteria for grazing dairy cows. Appl. Anim. Behav. Sci. 1997, 54, 89–96. [CrossRef]
18. Fisher, A.D.; Verkerk, G.A.; Morrow, C.J.; Matthews, L.R. The effects of feed restriction and lying deprivation on pituitary–adrenal

axis regulation in lactating cows. Livest. Prod. Sci. 2002, 73, 255–263. [CrossRef]
19. Hodgson, J.; Illius, A.W. The Ecology and Management of Grazing Systems; CABI: Wallingford, UK, 1998.
20. Zhang, X.; Kang, X.; Feng, N.; Liu, G. Automatic recognition of dairy cow mastitis from thermal images by a deep learning

detector. Comput. Electron. Agric. 2020, 178, 105754. [CrossRef]
21. Silva, S.R.; Araujo, J.P.; Guedes, C.; Silva, F.; Almeida, M.; Cerqueira, J.L. Precision technologies to address dairy cattle welfare:

Focus on lameness, mastitis and body condition. Animals 2021, 11, 2253. [CrossRef]
22. O’Connell, J.; Buckley, F.; Rath, M.; Dillon, P. The effects of cow genetic merit and feeding treatment on milk production, herbage

intake and grazing behaviour of dairy cows. Ir. J. Agric. Food Res. 2000, 39, 369–381.
23. McCarthy, S.; Horan, B.; Rath, M.; Linnane, M.; O’Connor, P.; Dillon, P. The influence of strain of Holstein-Friesian dairy cow and

pasture-based feeding system on grazing behaviour, intake and milk production. Grass Forage Sci. 2007, 62, 13–26. [CrossRef]
24. Prendiville, R.; Pierce, K.M.; Buckley, F. An evaluation of production efficiencies among lactating Holstein-Friesian, Jersey, and

Jersey x Holstein-Friesian cows at pasture. J. Dairy Sci. 2009, 92, 6176–6185. [CrossRef] [PubMed]
25. Brassel, J.; Rohrssen, F.; Failing, K.; Wehrend, A. Automated oestrus detection using multimetric behaviour recognition in

seasonal-calving dairy cattle on pasture. N. Z. Vet. J. 2018, 66, 243–247. [CrossRef]
26. Edmonson, A.; Lean, I.; Weaver, L.; Farver, T.; Webster, G. A body condition scoring chart for Holstein dairy cows. J. Dairy Sci.

1989, 72, 68–78. [CrossRef]
27. Grodkowski, G.; Sakowski, T.; Puppel, K.; Baars, T.; van Meurs, K. Validation of an electronic herd control system for grazing

dairy cows. In Proceedings of the 68th Annual meeting of the European Association for Animal Production, Tallinn, Estonia, 28
August—1 September 2017.

28. Pereira, G.; Heins, B.; Endres, M. Validation of an ear-tag accelerometer sensor to determine rumination, eating, and activity
behaviors of grazing dairy cattle. J. Dairy Sci. 2018, 101, 2492–2495. [CrossRef] [PubMed]

29. Zambelis, A.; Wolfe, T.; Vasseur, E. Validation of an ear-tag accelerometer to identify feeding and activity behaviors of tiestall-
housed dairy cattle. J. Dairy Sci. 2019, 102, 4536–4540. [CrossRef]

30. Hill, T.; Suarez-Mena, F.; Hu, W.; Dennis, T.; Schlotterbeck, R.; Timms, L.; Hulbert, L. Evaluation of an ear-attached movement
sensor to record rumination, eating, and activity behaviors in 1-month-old calves. Prof. Anim. Sci. 2017, 33, 743–747. [CrossRef]

31. King, M.; Crossley, R.; DeVries, T. Impact of timing of feed delivery on the behavior and productivity of dairy cows. J. Dairy Sci.
2016, 99, 1471–1482. [CrossRef]

32. Beauchemin, K.; Yang, W. Effects of physically effective fiber on intake, chewing activity, and ruminal acidosis for dairy cows fed
diets based on corn silage. J. Dairy Sci. 2005, 88, 2117–2129. [CrossRef]

33. Schwab, E.; Shaver, R.; Shinners, K.; Lauer, J.; Coors, J. Processing and chop length effects in brown-midrib corn silage on intake,
digestion, and milk production by dairy cows. J. Dairy Sci. 2002, 85, 613–623. [CrossRef]

34. Soca, P.; González, H.; Manterola, H.; Bruni, M.; Mattiauda, D.; Chilibroste, P.; Gregorini, P. Effect of restricting time at pasture
and concentrate supplementation on herbage intake, grazing behaviour and performance of lactating dairy cows. Livest. Sci.
2014, 170, 35–42. [CrossRef]

35. Pérez-Prieto, L.; Peyraud, J.-L.; Delagarde, R. Pasture intake, milk production and grazing behaviour of dairy cows grazing
low-mass pastures at three daily allowances in winter. Livest. Sci. 2011, 137, 151–160. [CrossRef]

36. Pulido, R.; Leaver, J. Quantifying the influence of sward height, concentrate level and initial milk yield on the milk production
and grazing behaviour of continuously stocked dairy cows. Grass Forage Sci. 2001, 56, 57–67. [CrossRef]

37. Rossi, J. Differences in grazing behaviour and herbage intake between genotypes and Holstein-Friesian dairy cows grazing short
or long swards. Proc. N. Z. Soc. Anim. Prod. 2005, 65, 236–240.

38. Shabi, Z.; Murphy, M.R.; Moallem, U. Within-day feeding behavior of lactating dairy cows measured using a real-time control
system. J. Dairy Sci. 2005, 88, 1848–1854. [CrossRef]

39. Tolkamp, B.; Schweitzer, D.; Kyriazakis, I. The biologically relevant unit for the analysis of short-term feeding behavior of dairy
cows. J. Dairy Sci. 2000, 83, 2057–2068. [CrossRef]

40. Yang, W.; Beauchemin, K. Physically effective fiber: Method of determination and effects on chewing, ruminal acidosis, and
digestion by dairy cows. J. Dairy Sci. 2006, 89, 2618–2633. [CrossRef]

41. Løvendahl, P.; Munksgaard, L. An investigation into genetic and phenotypic variation in time budgets and yield of dairy cows. J.
Dairy Sci. 2016, 99, 408–417. [CrossRef]

42. Österman, S.; Redbo, I. Effects of milking frequency on lying down and getting up behaviour in dairy cows. Appl. Anim. Behav.
Sci. 2001, 70, 167–176. [CrossRef]

https://doi.org/10.3168/jds.2008-1733
https://doi.org/10.3168/jds.2010-3436
https://www.ncbi.nlm.nih.gov/pubmed/21094749
https://doi.org/10.3168/jds.2012-5609
https://www.ncbi.nlm.nih.gov/pubmed/22916937
https://doi.org/10.1016/S0168-1591(97)00065-8
https://doi.org/10.1016/S0301-6226(01)00246-9
https://doi.org/10.1016/j.compag.2020.105754
https://doi.org/10.3390/ani11082253
https://doi.org/10.1111/j.1365-2494.2007.00557.x
https://doi.org/10.3168/jds.2009-2292
https://www.ncbi.nlm.nih.gov/pubmed/19923621
https://doi.org/10.1080/00480169.2018.1479316
https://doi.org/10.3168/jds.S0022-0302(89)79081-0
https://doi.org/10.3168/jds.2016-12534
https://www.ncbi.nlm.nih.gov/pubmed/29290448
https://doi.org/10.3168/jds.2018-15766
https://doi.org/10.15232/pas.2017-01623
https://doi.org/10.3168/jds.2015-9790
https://doi.org/10.3168/jds.S0022-0302(05)72888-5
https://doi.org/10.3168/jds.S0022-0302(02)74115-5
https://doi.org/10.1016/j.livsci.2014.07.011
https://doi.org/10.1016/j.livsci.2010.10.013
https://doi.org/10.1046/j.1365-2494.2001.00246.x
https://doi.org/10.3168/jds.S0022-0302(05)72859-9
https://doi.org/10.3168/jds.S0022-0302(00)75087-9
https://doi.org/10.3168/jds.S0022-0302(06)72339-6
https://doi.org/10.3168/jds.2015-9838
https://doi.org/10.1016/S0168-1591(00)00159-3


Animals 2023, 13, 1697 14 of 14

43. Munksgaard, L.; Jensen, M.B.; Pedersen, L.J.; Hansen, S.W.; Matthews, L. Quantifying behavioural priorities—Effects of time
constraints on behaviour of dairy cows, Bos taurus. Appl. Anim. Behav. Sci. 2005, 92, 3–14. [CrossRef]

44. Watt, L.; Clark, C.; Krebs, G.; Petzel, C.; Nielsen, S.; Utsumi, S. Differential rumination, intake, and enteric methane production of
dairy cows in a pasture-based automatic milking system. J. Dairy Sci. 2015, 98, 7248–7263. [CrossRef]

45. Pollock, J.G.; Gordon, A.W.; Huson, K.M.; McConnell, D.A. The effect of frequency of fresh pasture allocation on the feeding
behaviour of high production dairy cows. Animals 2022, 12, 243. [CrossRef] [PubMed]

46. Braun, U.; Trösch, L.; Nydegger, F.; Hässig, M. Evaluation of eating and rumination behaviour in cows using a noseband pressure
sensor. BMC Vet. Res. 2013, 9, 1–8. [CrossRef]

47. Braun, U.; Zürcher, S.; Hässig, M. Eating and rumination activity in 10 cows over 10 days. Res. Vet. Sci. 2015, 101, 196–198.
[CrossRef]

48. Graf, C.; Kreuzer, M.; Dohme, F. Effects of supplemental hay and corn silage versus full-time grazing on ruminal pH and chewing
activity of dairy cows. J. Dairy Sci. 2005, 88, 711–725. [CrossRef] [PubMed]

49. Franceschi, P.; Malacarne, M.; Formaggioni, P.; Faccia, M.; Summer, A. Quantification of the effect of the cattle breed on milk
cheese yield: Comparison between Italian Brown Swiss and Italian Friesian. Animals 2020, 10, 1331. [CrossRef]

50. Maurmayr, A.; Pegolo, S.; Malchiodi, F.; Bittante, G.; Cecchinato, A. Milk protein composition in purebred Holsteins and in
first/second-generation crossbred cows from Swedish Red, Montbeliarde and Brown Swiss bulls. Animal 2018, 12, 2214–2220.
[CrossRef]

51. Cuellar, C.J.; Saleem, M.; Jensen, L.; Hansen, P. Differences in body temperature regulation during heat stress and seasonal
depression in milk yield between Holstein, Brown Swiss, and crossbred cows. J. Dairy Sci. 2023, 106, 3625–3632. [CrossRef]
[PubMed]

52. Roca-Fernández, A.; Ferris, C.; Gonzalez-Rodriguez, A. Behavioural activities of two dairy cow genotypes (Holstein-Friesian
vs. Jersey x Holstein-Friesian) in two milk production systems (grazing vs. confinement). Span J. Agric. Res. 2013, 11, 120–126.
[CrossRef]

53. Menegazzi, G.; Giles, P.Y.; Oborsky, M.; Fast, O.; Mattiauda, D.A.; Genro, T.C.M.; Chilibroste, P. Effect of post-grazing sward
height on ingestive behavior, dry matter intake, and milk production of Holstein dairy cows. Front. Anim. Sci. 2021, 2, 742685.
[CrossRef]

54. Hanada, M.; Saito, Y.; Encho, S.; Zunong, M.; Hamabe, K. Walking Distance and Grazing Time of Holstein and Brown-Swiss
Cows Grazing on Temperate Pasture. In Proceedings of the 3rd Korea-China-Japan International Symposium in 2009 of the Korea
Grassland Research Society, Seoul, Republic of Korea, 23 November 2009; pp. 216–217.

55. Apdo, D. Grazing Behaviour and Performances of Pirenaica and Brown Swiss Heifers; Casasús, I., Llorente, M., Revilla, R., Eds.; Unidad
de Tecnologia en Producciôn Animal, Servicio de Investigaclôn Agraria DGA Apdo: Zaragoza, Spain, 1995.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.applanim.2004.11.005
https://doi.org/10.3168/jds.2015-9463
https://doi.org/10.3390/ani12030243
https://www.ncbi.nlm.nih.gov/pubmed/35158567
https://doi.org/10.1186/1746-6148-9-164
https://doi.org/10.1016/j.rvsc.2015.05.001
https://doi.org/10.3168/jds.S0022-0302(05)72735-1
https://www.ncbi.nlm.nih.gov/pubmed/15653538
https://doi.org/10.3390/ani10081331
https://doi.org/10.1017/S1751731117003640
https://doi.org/10.3168/jds.2022-22725
https://www.ncbi.nlm.nih.gov/pubmed/37028972
https://doi.org/10.5424/sjar/2013111-2682
https://doi.org/10.3389/fanim.2021.742685

	Introduction 
	Materials and Methods 
	Location of the Experiment 
	Data Collection 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

