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This study aimed at assessing the effect of a two and a four-hour daily outdoor
access on milk quality and behavior of dairy cows. Six Italian Simmental lactating
cows housed in a free-stall were paired and subjected to the treatments: no outdoor
access (CTR), two-hour daily outdoor access (U2; 11:30 a.m. to 1:30 p.m.), and
four-hour daily outdoor access (U4) divided into a morning (9:00 to 11:00 a.m.)
and an afternoon (2:00 to 4:00 p.m.) exit. Using a crossover design, each pair of
cows was subjected to each treatment for 2 weeks, then switched twice, until the
completion of 6 weeks of evaluation. Variations in milk parameters were determined
across the treatments (CTR, U2, U4). Outside behaviors were assessed during the
two-hour stay in the paddock, whereas inside behaviors were considered in the
same timeslots plus an additional timeslot (4:00 p.m.—6:00 p.m.) in which the
three treatments were inside the stall. Milk yield, composition and cheese-making
traits were not affected by the outdoor access, but the coagulation properties
were suggestively significant (p < 0.1). The longest rennet coagulation time (RCT,
21.31 min) and the lowest curd firmness (a30, 26.66 mm) were shown in U2. During
the time spent outdoors, cows significantly increased their time standing resting
(60.91 vs. 23.96 min; p < 0.001) and self grooming (6.58 vs. 2.96 min, p < 0.001);
whereas, behaviors such as running, recumbency, drinking, eating, exploring and
positive and negative interaction were reduced. When outdoors, cows spent most
of their time standing resting (60.91 min), ruminating (11.10 min) and walking
(10.62 min). Indoors, they spent more of their time eating (35.02 min), standing
resting (23.96 min) and ruminating (13.84 min). Behaviors that were significantly
affected by the treatment within each timeslot were: running, standing, resting,
ruminating and eating. In conclusion, offering lactating dairy cows a four-hour
daily outdoor access split into 2 h in the morning and 2 h in the afternoon appears
to be beneficial because it increased the time spent standing resting outdoors
which may indicate a calm state for the animals, while maintaining milk quality
at a level comparable to that of full indoor management.

KEYWORDS

welfare, cattle management, external paddock, behavioral assessment, milk
composition

1 Introduction

Dairy production intensification has increased the use of indoor housing systems.
Indoor confinement provides a controlled environment for cattle and assures good milk
production if a high-energy feed is given. However, this type of housing can lead to negative
impacts for the animals’ health such as problems related to hock lesions, mastitis and
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lameness (1-3). This is why new approaches using mixed housing
systems have been developing (4-6). However, the provision of
pasture can be difficult, especially for large intensive farms, and
depends on the availability of land from the farmers (7). Moreover,
some literature has argued that the pasture access may decrease the
productive performance of animals because the feed is less balanced
than that provided in farm (8). One possibility is to use an external
paddock, not for pasture but just as an exercise area for the animals
to stay during some hours with the benefit that it can be used the
whole year round (9). This approach may provide cows the same
benefits as pasture because they would be able to freely stand, walk
and lie down. Access to an outside paddock allows cattle to express
normal behaviors and provides comfortable lying space. Natural
behaviors such as social interaction and environmental exploration
are enhanced by providing outdoor access (3). Moreover, this type
of cattle management is considered an option that meets public
concern over animal welfare (10, 11). Most studies present this
outdoor access as a choice (5, 6, 12, 13) rather than as a forced
system, and this may also impact welfare in a different way. In
addition, even though this seems a good alternative for dairy cattle,
some aspects such as the best time of the day and the duration of
the exit are still unknown.

The lactating period is an important stage not only for the animal
but also for the farmers, as their entire profit can be made in this time.
During this phase, cows increase their metabolic demands to produce
milk and specific attention to their surroundings and husbandry
practices is required to ensure the provision of a comfortable
environment. The importance of giving outdoor access during the
lactating period may be effective in improving welfare (3, 14) but
we need to avoid affecting milk production. Around 80% of dairy
cattle in Italy are housed indoors, and allowing a daily outdoor access
can improve health and welfare in dairy cows. Currently, official
legislation does not exist in this country but the possibility of
spreading and regulating outdoor access of dairy cows is receiving an
increasing amount of attention in scientific literature (3, 15). The aim
of this study was to investigate if the provision of 2 and 4 h of daily
outdoor access affects milk composition, cheese-making traits, milk
coagulation properties, and the behavior pattern of Italian
Simmental cows.

2 Materials and methods

This study was performed in accordance with the ethical
committee of the University of Padova (approval number 36/2023)
and carried out according to the directive 2010/63/UE of the European
Parliament on the protection of animals used for scientific purposes
and the Italian law on animal care (Legislative Decree No. 26 of 14
March 2014).

2.1 Animals

The entire herd was composed of 18 dairy cows that were raised
and were kept in the stall. From this herd, six Italian Simmental
lactating cows (DIM 103 + 35, parity order 2.0 + 1.4) were considered
for the trial based on days in milk, parity, and the absence of mastitis
and lameness. The animals did not have prior experience of outdoor
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exercise and the minimum statistical requirement was ensured to
estimate data variability (16).

2.2 Breeding facility and management

The study was conducted at the dairy farm of the Institute of
Higher Education (ISIS Paolino d’Aquileia) located in Cividale del
Friuli (Udine, Italy). The breeding facility (Figure 1) consisted of a
free-stall equipped with an automatic milking system (Lely Astronaut
2, Lely, Maassluis, Netherlands) and an outdoor paddock. The indoor
area had concrete flooring, one long concentrate feeder, and 3 water
dispensers. Cows were able to access the automatic milking system at
any time when they were indoors. The walking distance from the barn
to the exercise paddock was 25 m.

The outdoor area (Supplementary Figure S1), encompassing
800 m” and surrounded by an electric fence, adhered to the space
allowance established by the Royal Society for the Prevention of
Cruelty to Animals (17). There were no feeders outside and one big
plastic tank with fresh water was available. This paddock was covered
by grass, but before the experimental period, the grass was trimmed
(2 cm high approx.) to prevent grazing and no further agronomical
interventions were necessary throughout the trial. Inside the outdoor
area, there were four trees of a few meters in height that provided
shade in some moments of the day. Access to the paddock took place
5 days a week (Monday to Friday). Before going to the external area,
cows were driven to the milk station in order to be milked and prevent
mastitis due to the accumulation of milk in the udder. Then, the
animals were led gently toward the outdoor paddock.

2.3 Diet

In accordance with the guidelines outlined by the National
Research Council (NRC, 2001), all animals were fed a total mixed
ration (TMR) based on grass-silage and alfalfa hay (Table 1) and
maintained a forage:concentrate ratio of 62:38 to fulfill energy
requirements for lactating dairy cows. The TMR was distributed twice
a day, during the morning (8:30 a.m.) and the afternoon (5:30 p.m.).
TMR samples were collected at the beginning and the end of the
experiment, and then analyzed using near-infrared spectroscopy
(NIRs) with a DS 2500 FOSS instrument (FOSS DS 2500, Foss
Analytical, Hileroed, Denmark; spectral range 850-2,500 nm,
reflectance mode). Additional compound feed was available,
depending on daily milk yield, during the access to the automatic
milking system of the farm. Fresh water was available ad libitum, both
inside and outside.

2.4 Experimental design

The cows were divided into three fixed pairs, which were
alternatively assigned to the following treatments: (i) no daily outdoor
exit (CTR); (ii) a two-hour daily exit (U2); (iii) a four-hour daily exit
(U4). The CTR group stayed the whole day inside the free-stall with
the rest of the herd, the U2 group had a midday daily outdoor access
(from 11:30 a.m. to 1:30 p.m.), and the U4 group had first a morning
outdoor exit (from 9:00 to 11:00 a.m.) and then an afternoon outdoor
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FIGURE 1
Schematic diagram of the stall and outdoor paddock. W, waterer.
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TABLE 1 Ingredients and chemical composition of the total mixed ration®.

Ingredients, % DM

Grass silage 26.4
Alfalfa hay 32.8
Barley straw 2.7
Corn meal 17.3
Barley meal 12.4
Compound feed? 8.4

Chemical composition, % DM

DM, % as fed 51.2
Crude Protein 14.7
Ash 8.6
Lipids 2.0
NDF 38.7
ADF 24.7
Lignin 3.8
Starch 21.1
NE,, MJ/kg of DM’ 5.8

'TMR, Total mixed ration provided by the automatic feeder. The amount of the compound
feed available during milking is excluded.

“Chemical composition of compound feed: Moisture 13.00%, Crude Protein 18.50%, Lipids
3.20%, Crude Fiber 6.10%, Sodium 0.43%, Ash 7.40%.

*According to NRC (2001).
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exit (from 2:00 to 4:00 p.m.). The 3 weeks before the experiment began
were considered as an adjustment period for the cows to get used to
moving in and out of the paddock and no data were recorded. The
experimental period had a duration of 6 weeks divided into three
periods of 2 weeks. Using a crossover design, each pair of cows was
subjected to each treatment for 2 weeks, then switched, until the
completion of 2 weeks of evaluation in order to ensure the three
different group combinations.

The experiment took place from October 31 to December 7, 2022,
during the winter season. Local climatic characteristics during those
days were taken from the closest climatic station. The temperatures
varied from 3.5 to 21.0 °C, with an average of 10.6 °C. The mean daily
wind speed was 12.4 km/h and the maximum wind speed recorded
was 32.2 km/h.

2.5 Milk sampling and composition

Milk samples were collected individually after the morning
milking on the last day of each experimental period. All samples were
transported, maintained at 4 °C and analyzed the day after at the Milk
Laboratory of the Department of Agronomy, Food and Natural
Resources, Animals and Environment — DAFNAE (University of
Padova, Legnaro, Italy). Fat, lactose, protein, total solids, casein and
urea content in milk were estimated using a MilkoScan FT6000 (Foss
Electric A/S), following the procedures (18). Milk pH was measured
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using a Titralab AT1000 series with PHC805 (Hach Company,
Loveland, Colorado, United States).

Individual cheese-making was performed to measure cheese yield
(CY) and milk nutrient recoveries in the curd (REC) traits based on
the procedure of Stocco et al. (19, 20). Cheese-making traits were
calculated from the weights of the milk and the whey (in grams) and
their chemical composition, as described in previous studies (21, 22).
In brief, the target traits were CYcheese, CYcurd, CYsolids, and
CYwater, expressed as the ratio of the weight (g) of each cheese wheel
after ripening, fresh curd, curd solids, and curd water, respectively, in
relation to the weight of the processed milk (g). In addition,
RECprotein, RECfat, and RECsolids were determined as the ratio of
the weight (g) of the protein, fat, and solids in the curd to the
corresponding weight in milk (g). Recovery of energy in the curd
(RECenergy) was calculated as the percentage ratio of the energy in
the curd to that in the processed milk.

Milk coagulation properties of each individual milk sample were
measured in duplicate, using two lactodynamographs (2 Formagraph
instruments; Foss Electric A/S, Hillerod, Denmark). A calibration of
the pendula was made before each trial session. The analysis followed
the method described by (23), and the traditional parameters of milk
coagulation properties were considered: rennet coagulation time
(RCT, min) from rennet addition to gelation; time interval between
gelation and reaching a 20 mm curd firmness (k20, min); curd
firmness at 30, 45, and 60 min after rennet addition (a30, a45, and
a60, mm).

2.6 Behavioral observations

Before the experiment, all observers attended a 2-h training
session conducted by a professor specialized in behavioral studies.
Subsequently, they evaluated cows’ behavior both in real time (2 h)
and from a video recording (2 h). Inter-observer reliability was
assessed using the k coefficient (24), with all observers achieving a
minimum k > 0.7, indicating good agreement (25). The methodology
for outdoor and indoor behavioral observations was different.

Observations of outdoor behavior (in the paddock) were carried
out in real-time by 12 trained observers working in pairs chosen from
students of the Institute. The observers remained outside the paddock
maintaining a distance from the animals so as not to induce stress in
them. Cows exited 5 days a week (10 days per period) although the
observations were conducted twice a week totaling 4 days per period.
Animals were distinguished by their unique coat color patches.
Individual behaviors were recorded on paper as occurrences at each
minute of observation, then reported in an Excel spreadsheet and
summed to obtain the total time (min) that an individual cow spent
on each behavior during the 2 h (120 min) spent in the outdoor area.

Behaviors inside the stall were monitored using six digital video
cameras placed at the entrance of the barn and connected to a digital
video recorder (H.264 Standalone Digital Video Recorder (DVR);
Atlantis, Atlantis-land, MI, Italy) for continuous recording of
behaviors. Individual cows were distinguished from the herd by their
unique coat color patches. The recordings were analyzed by three
trained observers, and the videos were randomly assigned to avoid any
observer effect. Even though the trial was composed of 3 periods of
2 weeks each, only some days were considered for evaluation: 3 days
of the first period, 4 days of the second period and 3 days of the third
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period. Then, only 4 timeslots of 2 h duration each were evaluated:
morning (9:00 a.m.-11:00 a.m.), midday (11:30 a.m.-1:30 p.m.), early
afternoon (2:00 p.m.-4:00 p.m.) and late afternoon (4:00 p.m.-
6:00 p.m.). Behaviors were taken every 5 min of registration and
reported in an Excel spreadsheet. Behaviors were expressed in minutes
within each timeslot.

All behaviors considered inside and outside the stall are described
in Table 2. For the final analysis, grazing was considered as eating
behavior because the paddock was just used as an exercise area and
cows were not able to effectively eat or graze. Also, allogrooming was
merged with positive interaction.

2.7 Statistical analysis

Milk traits were analyzed using a general linear model analysis,
(GLM procedure, SAS Institute Inc., Cary NC, 2014), differing only
for a fixed effect related to the different instruments used for the
analysis. A mixed model was initially run on milk yield, but since the
treatment did not have a significant effect on milk production, this
analysis was no longer considered.

The model applied for milk composition and cheese-making
traits was:

Yijklm :/l+Ti +D] +Bk +C1 +eijklm

where Yy, is the target individual parameter, p is the overall
mean, T is the fixed effect of the treatment [three levels: no exit (CTR);
two-hour exit (U2) and four-hour exit (U4)]; D is the fixed effect of
the day of analysis corresponding to the last day of each experimental
period (three levels), B is the fixed effect of the two baths used for the
analysis; C is the fixed effect of the individual cow (six levels), and
€jim is the residual error.
were

Milk coagulation properties analyzed using the

following model:
Yijklm :/l+Ti +D] +Lk +C1 +eijklm

This model differed from the previous one only for the L effect,
included instead of the B effect, that corresponds to the different
location within the instrument used for the analysis (six locations in
two instruments, for a total of 12 levels). In both models, a p-value <
0.05 was considered to determine statistical significance, whereas a
p-value < 0.1 was indicated as a suggestive significance.

After some preliminary analysis considering the cow either as a
fixed or as a random effect, behaviors included repeated individual
observations, and were analyzed using a mixed model analysis
(MIXED procedure, SAS Institute Inc., Cary NC, 2014):

Yijklmno :ﬂ"'si"'TT:Sij*‘Gk"'Pl +DZP1m +C3Gkn +eijklmn0

where Yijqmno is the target individual parameter, p is the overall
mean, S is the fixed effect of the environmental setting of the
cows, with i that is either indoor or outdoor; TT is the combined
fixed effect of the treatment-timeslot (three treatments: no exit
(CTR); two-hour exit (U2) and four-hour exit (U4) by four
timeslots, for a total of j = twelve levels) within the environmental
setting; G is the effect of the group (three levels); P is the fixed
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TABLE 2 Ethogram with behaviors considered inside and outside the stall.

10.3389/fvets.2025.1659593

Behavior Description Inside Outside
Walking Displacement slowly from one location to another. X X
Running Rapid movement with constant changes of direction inside the pen X X
Standing resting Standing on four feet, inactive in a relaxed posture; head ‘not moving X X
Recumbency Resting or sleeping with the legs curled under the body X X
Ruminating Chewing motions of teeth while standing, moving or lying X X
Grazing Moving the head toward the ground trying to bite pasture X
Drinking Drinking from the water tank or water dispenser X X
Eating Ingesting feed from the feeder X

Defecating Elimination of feces standing or moving X X
Urinating Elimination of urine standing or moving X X
Exploring Sniffing various parts of the stall, floor or surroundings X X
Self-grooming A cow licking any part of itself X X
Allogrooming Grooming and licking another individual using gentle gestures X X
Positive interaction Staying beside another cow with affiliative postures such as sniffing, smelling and touching gently X X
Negative interaction Aggressive actions toward others such as pushing and biting X X
Mounting Jumping by lifting both forelegs onto the rump of another cow X X
Not visible Not visible from the camera or hidden behind other cows X

effect of the experimental period (three levels); D is the fixed
effect of the day of observation within period, representing the
repetition of the sampling; C is the random effect of the cow
within its group (six levels), and ey, is the residual error. The
least square means for the levels of the S and TT effects were
calculated and compared using a Student t test with a Tukey
correction. The contrasts between the levels of TT were also
calculated to compare the levels of the treatment effect within
each timeslot. Again a p-value < 0.05 was considered to assess the
statistical significance, whereas a p-value < 0.1 was reported as a
suggestive significance.

3 Results

3.1 Effect of the outdoor access on milk
quality

The descriptive statistics of the milk composition, cheese-making
traits and milk coagulation properties are presented in Table 3. On
average, cows produced 26.81 kg of milk per day, while fat and protein
were 3.87 and 3.68%, respectively. Mean values of lactose and total
solids were 4.90 and 12.87%, respectively. Coagulation parameters
such as RCT, k20, a30, a45 and a60 were on average 19.94 min,
5.01 min, 31.37 mm, 42.33 mm and 42.24 mm, respectively. In
addition, the variation (CV) in milk coagulation properties was higher
(0.31 on average) than the variation values of milk composition and
cheese-making traits. Among these, the greatest variation was in fat
percentage (0.27) and the least variations were found in pH, lactose
percentage, the percentage of solids without fat and RECprotein.

The daily outdoor access did not affect milk composition and
cheese-making traits, as reported in Table 4. The effect of the day of
analysis resulted highly significant for pH and RECprotein, and
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suggestively significant for the urea content and CYwater. As expected,
the effect of the bath was not significant and the suggestive significance
for the lactose could be due to the low variability of this trait. The
coefficient of determination of the model varied from 0.39 for
CYsolids and RECsolids to 0.90 for pH. On the contrary, the daily
outdoor access suggestively (p <0.1) affected two of the milk
coagulation properties, RCT and a30 (Table 5). Milk from cows with
a two-hour daily outdoor access (U2) had a longer RCT (21.31 min)
and a lower a30 (26.66 mm) than the CTR group. Meanwhile, U4
showed intermediate values for these two parameters (Figure 2).
Additionally, the effect of the cow was highly significant (p < 0.001)
for RCT, k20 and a30. The effect of the day was significant (p < 0.01)
for all the traits. The location of the sample inside the instrument
affected (p < 0.05) only k20. The coeflicient of determination was high
for all traits, especially for RCT, k20 and a30, with values equal to or
above 0.90.

3.2 Effect of the outdoor access on
behavior

The ANOVA on fixed effects (Table 6) states that most behaviors
were basically affected by the setting (inside or outside) and the day
within period. The mean total duration of the behaviors observed
during the two-hour timeslots inside the stall or outside (paddock) are
shown in Figure 3. Nine of the behaviors showed statistical differences
when animals were outdoors or indoors, detected considering the S
term of the mixed model. Specifically, in comparison to indoors, the
cows in the paddock increased their resting time (60.91 vs. 23.96 min;
p<0.001) and self grooming significantly (6.58 vs. 2.96 min;
p <0.001). On the contrary, other behaviors such as running,
recumbency, drinking, eating, exploring, positive and negative
interaction were reduced. When outdoors, cows generally spent most
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TABLE 3 Descriptive statistics of milk composition, cheese-making traits and milk coagulation properties.

Parameter Mean SD MIN MAX Ccv
Milk production, kg/d ‘ 26.81 ‘ 3.72 ‘ 18.50 ‘ 37.30 ‘ 0.14
Milk composition
pH 6.62 0.06 6.49 6.75 0.01
Fat, % 3.87 1.02 1.59 5.52 0.27
Protein, % 3.68 0.26 3.36 4.46 0.07
Lactose, % 4.90 0.09 4.76 5.06 0.02
Casein, % 2.77 0.19 2.46 3.28 0.07
Total solids, % 12.87 0.94 10.96 14.33 0.07
Solids not fat, % 9.23 0.26 8.94 9.88 0.03
Urea, mg/dL 39.08 4.34 31.24 47.41 0.11
Cheese-making traits
CYcheese, % 9.34 0.96 7.38 10.90 0.08
CYcurd, % 13.71 1.32 10.81 15.45 0.10
CYsolids, % 593 0.67 4.42 6.91 0.10
CYwater, % 7.59 0.83 6.24 8.62 0.11
RECprotein, % 77.08 1.75 73.96 79.90 0.11
RECfat, % 75.62 5.22 64.22 82.68 0.02
RECsolids, % 45.94 2.46 40.33 50.09 0.07
RECenergy, % 60.17 2.97 54.51 66.10 0.05

Milk coagulation properties

RCT, min 19.94 4.73 11.30 28.30 0.30
k20, min 5.01 1.76 2.45 10.15 0.24
230, mm 31.37 13.88 5.08 54.30 0.35
245, mm 42.33 9.51 20.632 60.60 0.44
260, mm 42.24 13.25 8.08 61.76 0.22

SD, Standard Deviation. MIN, Minimum value. MAX, Maximum value. CV, Coefficient of variation.

TABLE 4 ANOVA (F-value) of milk composition and cheese-making traits.

Parameter Cow Treatment Day Bath R?

Milk composition

Ph 3.042° 0.218 18.242%* 2.594 0.90
Fat, % 0.610 0.374 0.608 0.073 0.44
Protein, % 0.564 0.104 0.576 0.154 0.41
Lactose. % 1.264 1.040 0.594 3.618° 0.67
Casein, % 0.595 0.200 0.240 0.223 0.41
Total solids, % 0.476 0.504 0.412 0.000 0.40
Solids not fat, % 0.420 0.458 0.182 0.764 0.54
Urea, mg/dL 1.581 0.002 4.181° 0.771 0.73

Cheese-making traits

CYcheese, % 0.267 0.567 1.092 0.075 0.48
CYcurd, % 0.246 0.752 1.887 0.345 0.53
CYsolids, % 0.097 0.287 1.406 0.161 0.39
CYwater, % 0.689 1.221 3.688° 0.906 0.69
RECprotein, % 2.433 0.833 11.463%* 0.017 0.86
RECfat, % 1.054 1.493 2.477 0.520 0.66
RECsolids, % 0.097 0.287 1.406 0.161 0.39
RECenergy, % 0.222 0.486 2.436 0.019 0.50

#p < 0,05, #%p < 0.01. **%p < 0.001. °p < 0.1.
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TABLE 5 ANOVA (F-value) of the milk coagulation properties.

Parameter Cow Treatment Day Location R?
RCT, min 11.27%%% 2.87° 4524 1.25 0.92
k20, min 823k 1.64 2393 2.91% 0.90
230, mm 973 3.44° 39,68 1.55 0.92
a45, mm 0.81 0.57 7.33%% 0.82 0.66
60, mm 0.23 0.10 14.79%%5 0.60 0.72

RCT, Rennet coagulation time. a30, a45, a60 = Curd firmness 30, 45 and 60 min after the addition of rennet. *p < 0.05. **p < 0.01. **¥p < 0.001. °p < 0.1.
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FIGURE 2
Least square means of the treatment effect on milk coagulation properties. Black lines represent SE.

TABLE 6 ANOVA (F-value) of the main fixed effects and interactions of all behaviors.

Behavior Setting Treatment-Timeslot Day:Period
Walking 0.02 1.27 321 5.37%% 4.26%**
Running 3.58° 1.84° 0.13 6.79%%* 7.04%%*
Standing resting 196.98% 2.22% 1.65 5.61%* 4.75%%%
Recumbency 3.72° 1.36 1.04 3.15% 1.93°
Ruminating 2.58 3.75%%* 1.95 1.86 2.31%
Drinking 7775 1.72° 0.61 3.82% 1.47
Grazing/Eating 203.22%%* 3.08%* 2.83 4.65% 10.38%#%*
Defecating 2.47 0.94 0.02 0.77 8.00%**
Urinating 0.36 0.85 0.29 0.40 4.68%+*
Exploring 4.42% 0.99 1.78 8.44%%% 12.85%%#%*
Self-grooming 32.61%%* 1.40 3.46 2.50° 1.39
Positive interaction (inc.

allogrooming) 10.84%* 0.87 0.13 1.89 2.00°
Negative interaction 8.91%* 1.50 0.92 0.05 2.09%*
Mounting 1.47 1.03 0.49 1.96 3.75%%%

#p < 0.05. ##p < 0.01. *#¥p < 0.001. °p < 0.1.

of their time standing resting (60.91 min), followed by other behaviors The duration of behaviors for each treatment within a particular
such as ruminating (11.10 min), and walking (10.62 min), whereas  timeslot is presented in Figure 4. Behaviors that were affected by the
cows which remained indoors spent more time eating (35.02 min),  treatment within a timeslot were: running, standing resting,
standing resting (23.96 min) and ruminating (13.84 min). ruminating, drinking and eating (Table 6). The related orthogonal
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contrasts (Table 7) show that there were two main behaviors, standing
resting and eating, that differed throughout the day.

4 Discussion

Discovering how the provision of 2 and 4 h of daily exit to
dairy cows could influence milk composition, cheese-making
traits, and milk coagulation properties is important, as it should
not negatively impact the animal performance or the production
parameters. At the same time, it is important to understand if and
how much the behavioral patterns of the daily routine may differ
between animals that had the possibility to spend or not some
hours of daily exit in paddock. Moreover, the extent to which the
duration (2 h or 4 h) of the management practice of providing an
outdoor exit affects the behavioral patterns of the cows will also
be examined.

4.1 Effect of the outdoor access on milk
quality

As there was no effect of the treatment on any of the milk
quality traits, breeders’ concern about the possibility of a negative
effect on milk yield and quality from allowing dairy cows a daily
outdoor access could be considered largely unwarranted. Daily milk
production was not affected even though cows were outside 2 and
4 h a day without the possibility of accessing the milking robot.
Knowing that allowing the cows to pasture in the management of
high-yielding dairy cattle may result in them being unable to meet
their nutritional needs (26), the use of an outdoor exercise area
without pasture could be a better approach as in this trial. In
addition, this type of management enables farmers to control the
animals’ feeding since the outdoor area could not be grazed,
preventing possible negative effects on performance. In fact, the
absence of treatment effect on milk composition and cheese-making
traits may support these observations even though some of the milk
coagulation traits were slightly affected by one of the treatments. A
detrimental effect was seen in cows with a two-hour daily access
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(U2) because of the longest RCT and the lowest a30. As the group
of cows with a four-hour daily outdoor access (U4) had similar milk
coagulation parameters to those without a daily exit (CTR), the
combination of a morning plus an afternoon outdoor access could
be considered as the best option for dairy cows. This raises an aspect
of milking that should be considered. Even though cows were
milked before exiting, it is possible that they would still have the
urge to be milked during the time outdoors. When implementing
an outdoor exit, an issue to consider would be how to deal with
cows that have the need to reach the automatic milking machine
while they are outside. Further studies could be carried out on
this issue.

4.2 Effect of the outdoor access on
behavior

There is still a lack of information regarding the use of an
outdoor paddock in dairy farming and this is why some of the
observed behaviors could not be compared to the literature. As was
seen in this experiment, common habits of dairy cows are essentially
diurnal (27, 28). Behaviors expressed inside the stall were apparently
normal, as they were represented by the three main activities
reported in the literature for dairy cows raised indoors: eating,
standing resting and ruminating (29). After the provision of an
outdoor access, changes in behavior of cows may occur not only
during their outside stay but also when they go back inside to their
normal free-stall housing (14).

When cows are provided a pasture access or offered a bigger space
in an outside paddock, they are able to express greater locomotor
activity (30). Normally, pasture access allows cows to graze, which
involves movement. Grazing was not possible in this trial since the
grass was trimmed, thus the amount of time spent walking outside did
not increase in this trial. Indeed, the opposite effect occurred because
cows were seen to run less when they were in the paddock.

Recumbency behavior as time spent lying is a highly motivated
behavior in cows. This trial found no differences between the timeslots
evaluated throughout the day, which can confirm the fact that cows
tend to maintain their lying time (14). This could be seen in the time

frontiersin.org


https://doi.org/10.3389/fvets.2025.1659593
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Bailoni et al. 10.3389/fvets.2025.1659593
Walking
Running
" .
- Treatment 5
i o = Treatment
g w g2 o
Sy w g pes
U om thdh :
: n I
sa1100am 11301330am 200400pm s00600pm
Timeslot 9:00-11:00 am. 11:30-13:30 am. 2:00-4:00 p.m. 4:00-6:00 p.m.
Timeslot
Standing resting ReGuBIGY
w
s
= Treatment
g, i = Treatment
£ €0 cm
g w £
£ g w
. w £ w
. o EIZI ELI
sotooan NBBWAD, it opa SRR 900-11:00am 1301330 am 200400pm 400600pm.
Timeslot
Ruminating Drinking
.
0
- Treatment = Treatment
£ o £ o
- v2 g v2
u : m i ﬁ ﬁ ﬁ t w
o o
Timeslot Timeslot
Eating Defecating
& 25
40 ]
= Treatment - T T Treatment
€30 €18
£ om g T om
S v g1o w2
i @ v & v
10 0s
. == = = o
sa1100am 13013%0am 200400pm s00800pm sa1100am 113013%0am 200400pm so0800pm
Timeslot Timeslot
Urinating Exploring
20
: S
= Treatment . l J_ Treatment
E1o o £s0 o
5 w w
os Iirl vt g s
00
00

90011:00am 11:301330am 200400p.m 400600pm

Timeslot
Self grooming
Treatment

ﬁ@m o aiil] ff] E

200400p.m 400600pm

Freq (min)

900-11:00am 11:301330am.

Timeslot

Negative interaction
4

iy il B, il ¥

200400p.m 400600pm

Freq (min)

90011:00am 11:30.1330 a.m.

Timeslot

FIGURE 4

Least square means (min) of the behaviors considering the treatment effect within each timeslot. Black lines represent SE.

200-11:00am. 1301330 am 200400p.m 400600p.m

Timeslot
Positive interaction

4
Treatment

B, Hﬂb ﬁﬂﬁ B

1301330 am,

Freq (min)

9001100 am 200400pm 400600pm

Timeslot
Mounting

050
Treatment

S B ﬁm ﬁH_ ﬁqﬁ :H

11:201330 am. 200400pm
Timeslot

Freq (min)

90011:00am 400600pm

spent on recumbency by the CTR group of cows throughout the day.
On the contrary, the effect of the setting showed that recumbency time
was higher inside than outside. In fact, it was seen in the literature that
cows replaced their lying time spent indoors with activity time when
they moved to an exercise paddock (31).

The most evident behavior affected by the setting was standing
resting. This behavior was found to be 2.5 times higher outdoors than
indoors, changing the cows” behavior pattern completely. During the
two-hour period outdoors, dairy cows spent most of their time
standing resting as the literature indicated (14, 29). This could be due
to the fact that cows might find soil softer and more comfortable for
standing than the hardness of the concrete flooring of the indoor barn.

Frontiers in Veterinary Science

Moreover, cows spend more time standing outside when a higher
space allowance is offered (14). Hence, passing from a low space
allowance inside the stall to the paddock where each cow had a space
of 400 m* supports what was stated in the literature.

Ruminating is an important behavior for dairy cows. Even
though the time spent ruminating was not affected by the setting,
it represented the second and third most observed behavior
outside and inside, respectively. The timeslot had an effect on this
behavior as cows ruminate less during the morning and midday
than in the early and late afternoon. The rumination pattern
observed in the present experiment was similar to the diurnal
pattern expressed by cows offered 24 h of pasture (38). The
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TABLE 7 Orthogonal contrast (F-value) between the treatments and the timeslot effect.

Behavior 9:00-11:00 a.m. 11:30 a.m.-1:30 p.m. 2:00-4:00 p.m.

IN vs. OUT CTRvs. U2 IN vs. OUT CTRvs. U4 IN vs. OUT CTRvs. U2
Walking 0.40 0.26 0.03 0.05 0.79 1.04
Running 15.36%#* 0.05 0.04 0.05 1.43 2.21
Standing resting 8.53%* 51.19%*% 8.00%* 52.93%#% 7.63%% 53.627%%%
Recumbency 0.82 2.92° 0.67 2.46 0.44 0.13
Ruminating 13.74%%* 1.66 0.71 9.69%* 8.79%* 0.17
Drinking 2.76° 0.28 0.06 0.30 0.33 11.36%*%*
Grazing/Eating 9.83%* 37.39%%* 7.84%% 27.74%%% 31.01%%* 39.50%**
Defecating 0.86 0.48 0.06 1.48 0.00 0.46
Urinating 2.31 0.63 0.72 1.25 0.01 0.03
Exploring 0.70 3.86° 0.06 1.37 1.36 2.39
Self-grooming 0.32 22.55%%% 2.96° 6.51% 3.46° 1.73
Positive interaction (inc.
allogrooming) 247 0.25 0.16 11.20%** 0.33 1.86
Negative interaction 1.04 0.05 4.07* 6.73% 1.69 3.57°
Mounting 0.10 0.37 1.24 0.00 2.70 0.99

IN, inside. OUT, outside. CTR, no daily outdoor access. U2, two-hour daily outdoor access (from 11:30 a.m. to 1:30 p.m.). U4, four-hour daily outdoor access (from 9:00 a.m. to 11:00 a.m. and

from 2:00 p.m. to 4:00 p.m.). *p < 0.05. **p < 0.01. ***p < 0.001. °p < 0.1.

higher rumination time exhibited by cows during the afternoon
timeslots reinforces the concept that rumination is modulated by
feeding and time, because it is known that it tends to cease during
and 2 h after feeding (32, 38).

Another noticeable behavior was drinking, as it is affected by
several factors such as the housing conditions (32, 33). In fact,
drinking turned out to be affected by the setting and the timeslot.
Dairy cows in this study spent more time drinking inside than outside.
This could be due to the number of waterers, the space allowance and
the previous experience of cows. The NRC (2001) recommends 1
water bowl per 10 cows. Outside, there was one water bowl per 2 cows,
whereas inside the stall there were three water dispensers. The space
allowance could also be considered as a factor, as it was higher outside
than inside. Finally, the fact that during their whole life these cows had
been reared inside this stall might connect the drinking behavior to
the type of water dispensers available inside the stall. This is why the
waterer placed in the paddock might somehow have been considered
as a “new device” and was not connected to their drinking activity. A
difference between the timeslots was identified for the amount of time
spent drinking, with the late afternoon being the timeslot in which
cows used to drink more. A peculiar finding was that all groups of
cows spent more time drinking 2 h post exiting and this, too, might
be connected with the three factors previously mentioned.

In this study, eating was found to be the main activity of cows
reared indoors. It is noteworthy that this behavior was practically
excluded from the time budget of cows outdoors because the grass in
the paddock was trimmed before the experiment, thus denying the
possibility of eating or grazing. This could have resulted in a frustrated
feeding behavior, as it was seen that cows sometimes tried to graze
which was considered as eating behavior even though it was not
effective eating. Reported data are scarce for grazing behavior inside
this type of exercise paddock, indicating a low interest in the literature
compared to other behaviors. Meanwhile, inside the stall, a clear
difference in the distribution of the time spent eating throughout the
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day was found. Cows inside preferred to eat during the morning and
at midday rather than in the early and late afternoon. This could
be attributed to the time of feed distribution, which was around
8:30 a.m., half the
(9:00-11:00 a.m.).

Grooming promotes health, calmness, well-being and overall

an hour before morning  timeslot

performance (34). Regarding the duration of self-grooming, an
experiment using Holstein dairy cows did not find differences
between animals reared inside a stall and those with the possibility
of using an external paddock (31). In this experiment however,
cows using the paddock showed more of this behavior than those
that remained inside the stall which could be considered positive.

Negative interactions, considered as antagonistic interactions,
occur at low levels when animals pasture rather than when they are
housed (2). In fact, our study showed an effect of the setting on the
duration of this behavior. Even though cows did not have the
possibility to pasture, the negative interactions inside the stall were
almost five times greater than in the exercise paddock. A possible
reason could be the stocking density inside the stall (35). Outside,
cows were in pairs and there was little chance of their expressing
negative interaction toward each other because of the large space
allowance. Inside the stall, the experimental group of cows was
surrounded by the entire herd, consequently they had more chances
to express antagonistic interactions mostly because they were in a
social setting in which sometimes aggressive behaviors arise in the
search for food, water or simply because of hierarchy.

The space allowance affects cows’ behavior, especially locomotion
activities, lying time and social interaction between them (14, 30).
Cows offered more space outdoors are expected to express more
locomotor activity (30), but such an effect was not found in this trial.
The characteristics of the outdoor area (type of soil, type of grass,
obstacles) can also have an impact on the extent to which animals feel
comfortable expressing locomotion behaviors such as running or
walking (30). It is possible that animals in this experiment found the
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paddock boring because it had no obstacles and no growing grass to
motivate them to move around. Actually, a big part of the locomotor
activity outdoors occurs on pasture where animals are able to graze
and not with the use of these types of exercise yards (30). A bigger
space reduces social interaction while a smaller space reduces lying
times (14). In fact, the duration of behaviors that involved social
interaction such as exploring and positive interaction was lower
during the outside stay. Studies have examined space allowances of 3,
4.5,9 and 16 m? per cow but never one as large as the 400 m* per cow
used in the paddock of this trial. This allowance was established based
on the current recommendation set by the RSPCA welfare standards
for dairy cattle for open pens that has established that densities for
paddocks can be a a maximum of 10 to 12 cows per acre (17).

Last but not least, the season of the year must be emphasized in
the behavioral pattern observed in this trial. Dairy cows’ preference
for an outdoor access is influenced by the weather (35), as they will
avoid exiting with high temperatures and high light exposure and they
tend to prefer to exit at night when temperatures are low. This trial was
carried out during the winter season where temperatures ranged from
minimums of 3.5 to 14.4 °C and maximums of 8.2 to 21.0 °C. Weather
also influences the behavior pattern in dairy cows (36, 37). Therefore,
cows may reflect a totally different behavior pattern if this experiment
had been done during summer when temperatures in north Italy rise
to 38 °C. In this case, cows might behave differently and may even
refuse to go outside.

To conclude, the possibility of spending time outdoors significantly
affected the individual time budget of lactating dairy cows without
significantly influencing milk quality and cheese making parameters. A
greater time spent standing resting during the stay in the paddock may
indicate a calm state for the animals when outdoors. Our results suggest
that providing lactating dairy cows with a four-hour daily outdoor access
split into 2 h in the morning and 2 h in the afternoon could be beneficial
in terms of well-being, without affecting milk quality and milk
coagulation traits.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The animal study was approved by Ethical Committee of the
University of Padua. The study was conducted in accordance with the
local legislation and institutional requirements.

Author contributions

LB: Conceptualization, Methodology, Resources, Supervision,
Validation, Visualization, Writing - original draft. SA: Formal
analysis, Investigation, Writing - original draft, Writing - review
& editing. NG: Data curation, Investigation, Writing - review &
editing. SC: Data curation, Visualization, Writing - review &
editing. NA: Formal analysis, Methodology, Writing - review &

Frontiers in Veterinary Science

11

10.3389/fvets.2025.1659593

editing. EB: Methodology, Resources, Writing - review & editing.
ES: Conceptualization, Resources, Writing — review & editing.
SR: Data curation, Resources, Writing - review & editing. CS:
Data curation, Formal analysis, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was funded by
the Regional Agency for Rural Development (ERSA) and by the
European Union’s Horizon Europe Project 101136346 EUPAHW:
SOA13, “Positive animal welfare”.

Acknowledgments

The authors would like to express their gratitude to the
institute ISIS Paolino d’Aquileia. including teachers, students, and
all people involved in the project who contributed to this
scientific work. A special thank to Veronica Trabacchin, Matteo
Rocca, Anna Sambugaro, Francesco Zoccarato and Enrico
Vecchiato, who worked on this study under the preparation of
their MsC or BsC thesis.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or those
of the publisher, the editors and the reviewers. Any product that may
be evaluated in this article, or claim that may be made by its manufacturer,
is not guaranteed or endorsed by the publisher.

Supplementary material
The Supplementary material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fvets.2025.1659593/

full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fvets.2025.1659593
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2025.1659593/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2025.1659593/full#supplementary-material

Bailoni et al.

References

1. Adams AE, Lombard JE, Fossler CP, Roméan-Muiiiz IN, Kopral C. Associations
between housing and management practices and the prevalence of lameness, hock
lesions, and thin cows on US dairy operations. ] Dairy Sci. (2017) 100:2119-36. doi:
10.3168/jds.2016-11517

2. Arnott G, Ferris CP, Oconnell NE. Welfare of dairy cows in continuously
housed and pasture-based production systems. Animal. (2017) 11:261-73. doi:
10.1017/81751731116001336

3. EFSA Panel on Animal Health and Animal Welfare (AHAW )Nielsen SS, Alvarez J,
Bicout DJ, Calistri P, Canali E, et al. Welfare of dairy cows. EFSA J. (2023) 21:e07993.
doi: 10.2903/j.efsa.2023.7993

4. Chapinal N, Goldhawk C, de Passillé AM, Von Keyserlingk MAG, Weary DM,
Rushen J. Overnight access to pasture does not reduce milk production or feed
intake in dairy cattle. Livest Sci. (2010) 129:104-10. doi: 10.1016/j.1ivsci.2010.01.011

5. Charlton GL, Rutter SM, East M, Sinclair LA. 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. doi: 10.1016/j.applanim.2010.11.018

6. Charlton GL, Rutter SM, East M, Sinclair LA. The motivation of dairy cows for
access to pasture. ] Dairy Sci. (2013) 96:4387-96. doi: 10.3168/jds.2012-6421

7. Becker T, Kayser M, Tonn B, Isselstein J. How German dairy farmers perceive
advantages and disadvantages of grazing and how it relates to their milk production
systems. Livest Sci. (2018) 214:112-9. doi: 10.1016/j.1ivsci.2018.05.018

8. Fontaneli RS, Sollenberger LE, Littell RC, Staples CR. Performance of lactating
dairy cows managed on pasture-based or in freestall barn-feeding systems. J Dairy Sci.
(2005) 88:1264-76. doi: 10.3168/jds.S0022-0302(05)72793-4

9. Popescu S, Borda C, Diugan EA, Spinu M, Groza IS, Sandru CD. Dairy cows welfare
quality in tie-stall housing system with or without access to exercise. Acta Vet Scand.
(2013) 55:43. doi: 10.1186/1751-0147-55-43

10. Skarstad GA, Terragni L, Torjusen H. Animal welfare according to Norwegian
consumers and producers: definitions and implications. Int ] Soc Agr Food. (2007)
15:74-90. doi: 10.48416/ijsaf.v15i3.285

11. Smid AMC, Inberg PHJ, de Jong S, Sinclair S, von Keyserlingk MAG, Weary D,
et al. Perspectives of western Canadian dairy farmers on providing outdoor access for
dairy cows. ] Dairy Sci. (2021) 104:10158-70. doi: 10.3168/jds.2021-20342

12. Legrand AL, Von Keyserlingk MAG, Weary DM. Preference and usage of pasture
versus free-stall housing by lactating dairy cattle. J Dairy Sci. (2009) 92:3651-8. doi:
10.3168/jds.2008-1733

13. von Keyserlingk MA, Amorim Cestari A, Franks B, Fregonesi JA, Weary DM.
Dairy cows value access to pasture as highly as fresh feed. Sci Rep. (2017) 7:44953. doi:
10.1038/srep44953

14. Smid AMC. Dairy cattle preference for different types of outdoor access and their
influence on dairy cattle behavior. Doctoral Thesis. Canada: University of British
Columbia (2019).

15. Leso L, Andrade RR, Bambi G, Becciolini V, Barbari M. Free-choice pasture access
for dry cows: effects on health, behavior, and milk production. J Dairy Sci. (2023)
106:7954-64. doi: 10.3168/jds.2022-23107

16. Preece DA. Latin squares as experimental designs. Annals Discrete Mathematics.
(1991) 46:317-42.

17.RSPCA. Welfare standards for dairy cows. United Kingdom: RSPCA West
Sussex (2021).

18. Amalfitano N, Cipolat-Gotet C, Cecchinato A, Malacarne M, Summer A, Bittante
G. Milk protein fractions strongly affect the patterns of coagulation, curd firming, and
syneresis. ] Dairy Sci. (2019) 102:2903-17. doi: 10.3168/jds.2018-15524

19.Stocco G, Cipolat-Gotet C, Gasparotto V, Cecchinato A, Bittante G. Breed of
cow and herd productivity affect milk nutrient recovery in curd, and cheese yield,

Frontiers in Veterinary Science

12

10.3389/fvets.2025.1659593

efficiency and daily production. Anmimal. (2018) 12:434-44. doi:

10.1017/S1751731117001471

20. Stocco G, Summer A, Cipolat-Gotet C, Malacarne M, Cecchinato A, Amalfitano
N, et al. The mineral profile affects the coagulation pattern and cheese-making efficiency
of bovine milk. J Dairy Sci. (2021) 104:8439-53. doi: 10.3168/jds.2021-20233

21. Cecchinato A, Chessa S, Ribeca C, Cipolat-Gotet C, Bobbo T, Casellas J, et al.
Genetic variation and effects of candidate-gene polymorphisms on coagulation
properties, curd firmness modeling and acidity in milk from Brown Swiss cows. Animal.
(2015) 9:1104-12. doi: 10.1017/S1751731115000440

22. Cipolat-Gotet C, Cecchinato A, Malacarne M, Bittante G, Summer A. Variations
in milk protein fractions affect the efficiency of the cheese-making process. J Dairy Sci.
(2018) 101:8788-804. doi: 10.3168/jds.2018-14503

23. Bittante G, Amalfitano N, Bergamaschi M, Patel N, Haddi ML, Benabid H, et al.
Composition and aptitude for cheese-making of milk from cows, buffaloes, goats, sheep,
dromedary camels, and donkeys. ] Dairy Sci. (2022) 105:2132-52. doi:
10.3168/jds.2021-20961

24. Cohen J. A coefficient of agreement for nominal scales. Educ Psychol Meas. (1960)
20:37-46.

25. Landis JR, Koch GG. The measurement of observer agreement for categorical data.
Biometrics. (1977) 33:159-74. doi: 10.2307/2529310

26. Fike JH, Staples CR, Sollenberger LE, Macoon B, Moore JE. Pasture forages,
supplementation rate, and stocking rate effects on dairy cow performance. J Dairy Sci.
(2003) 86:1268-81. doi: 10.3168/jds.S0022-0302(03)73711-4

27. Adamczyk K, Gérecka-Bruzda A, Nowicki J, Gumutka M, Molik E, Schwarz T,
et al. Perception of environment in farm animals-a review. Ann Anim Sci. (2015)
15:565-89. doi: 10.1515/a0as-2015-0031

28. Albright JL. Feeding behavior of dairy cattle. ] Dairy Sci. (1993) 76:485-98.

29. Kilgour RJ. In pursuit of “normal”: a review of the behaviour of cattle at pasture.
Appl Anim Behav Sci. (2012) 138:1-11. doi: 10.1016/j.applanim.2011.12.002

30. Shepley E, Lensink J, Vasseur E. Cow in motion: a review of the impact of housing
systems on movement opportunity of dairy cows and implications on locomotor activity.
Appl Anim Behav Sci. (2020) 230:105026. doi: 10.1016/j.applanim.2020.105026

31. Cai A, Wang S, Li P, Descovich K, Fu T, Lian H, et al. The effects of an exercise
paddock on dairy cow behavior, health, and nutrient digestion during the transition
from pregnancy to lactation. Animals. (2024) 14:2353. doi: 10.3390/ani14162353

32. Hedlund L, Rolls J. Behavior of lactating dairy cows during total confinement. J
Dairy Sci. (1977) 60:1807-12. doi: 10.3168/jds.S0022-0302(77)84104-0

33.Cardot V, Le Roux Y, Jurjanz S. Drinking behavior of lactating dairy cows and
prediction of their water intake. ] Dairy Sci. (2008) 91:2257-64. doi:
10.3168/jds.2007-0204

34. Goncu S, Ikbal M, Yilmaz N. The cattle grooming behavior and some problems
with technological grooming instruments for cow welfare. ] Environ Sci Engin B. (2019)
8:190-6. doi: 10.17265/2162-5263/2019.05.005

35. Smid AMC, Weary DM, Costa JHC, von Keyserlingk MAG. Dairy cow preference
for different types of outdoor access. J Dairy Sci. (2018) 101:1448-55. doi:
10.3168/jds.2017-13294

36. Shepley E, Lensink ], Leruste H, Vasseur E. The effect of free-stall versus strawyard
housing and access to pasture on dairy cow locomotor activity and time budget. Appl
Anim Behav Sci. (2020) 224:104928. doi: 10.1016/j.applanim.2019.104928

37.Uzal S, Ugurlu N. The effects of seasons on the time budget and area usage of
animals in open loose dairy cattle housing. | Anim Vet Adv. (2010) 9:88-95. doi:
10.3923/javaa.2010.88.95

38. Gregorini P, DelaRue B, McLeod K, Clark CEF, Glassey CB, Jago J. Rumination
behavior of grazing dairy cows in response to restricted time at pasture. Lives Sci. (2012)
146:95-98. doi: 10.1016/j.livsci.2012.02.020

frontiersin.org


https://doi.org/10.3389/fvets.2025.1659593
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.3168/jds.2016-11517
https://doi.org/10.1017/S1751731116001336
https://doi.org/10.2903/j.efsa.2023.7993
https://doi.org/10.1016/j.livsci.2010.01.011
https://doi.org/10.1016/j.applanim.2010.11.018
https://doi.org/10.3168/jds.2012-6421
https://doi.org/10.1016/j.livsci.2018.05.018
https://doi.org/10.3168/jds.S0022-0302(05)72793-4
https://doi.org/10.1186/1751-0147-55-43
https://doi.org/10.48416/ijsaf.v15i3.285
https://doi.org/10.3168/jds.2021-20342
https://doi.org/10.3168/jds.2008-1733
https://doi.org/10.1038/srep44953
https://doi.org/10.3168/jds.2022-23107
https://doi.org/10.3168/jds.2018-15524
https://doi.org/10.1017/S1751731117001471
https://doi.org/10.3168/jds.2021-20233
https://doi.org/10.1017/S1751731115000440
https://doi.org/10.3168/jds.2018-14503
https://doi.org/10.3168/jds.2021-20961
https://doi.org/10.2307/2529310
https://doi.org/10.3168/jds.S0022-0302(03)73711-4
https://doi.org/10.1515/aoas-2015-0031
https://doi.org/10.1016/j.applanim.2011.12.002
https://doi.org/10.1016/j.applanim.2020.105026
https://doi.org/10.3390/ani14162353
https://doi.org/10.3168/jds.S0022-0302(77)84104-0
https://doi.org/10.3168/jds.2007-0204
https://doi.org/10.17265/2162-5263/2019.05.005
https://doi.org/10.3168/jds.2017-13294
https://doi.org/10.1016/j.applanim.2019.104928
https://doi.org/10.3923/javaa.2010.88.95
https://doi.org/10.1016/j.livsci.2012.02.020

	Effect of a daily outdoor access on milk quality and behavior of Italian Simmental dairy cows
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Breeding facility and management
	2.3 Diet
	2.4 Experimental design
	2.5 Milk sampling and composition
	2.6 Behavioral observations
	2.7 Statistical analysis

	3 Results
	3.1 Effect of the outdoor access on milk quality
	3.2 Effect of the outdoor access on behavior

	4 Discussion
	4.1 Effect of the outdoor access on milk quality
	4.2 Effect of the outdoor access on behavior


	References

