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ABSTRACT

Milking stall dimensions have not been adapted to
the increase in cow body size caused by selection for
better milking performance over the past decades.
Improper milking stall dimensions might limit cow
comfort, could lead to stress responses during milking
and thus could negatively affect cow welfare. A cross-
over study was conducted in an experimental milking
parlor that was converted from a herringbone (HB) to a
side-by-side (SBS) parlor. The milking stall dimensions
were modified in length and width and for HB also in
depth (perpendicular distance between rump rail and
breast rail). The stall dimensions applied during the
experiments ranged from much smaller than common
in European dairy farming to much larger. Treatments
were applied for 2 wk per milking parlor type. In each
milking parlor type, a total of 30 cows, kept in 2 groups
were observed during milking for behavioral and physi-
ological stress responses and for milking performance.
In addition, milk cortisol levels and somatic cell counts
were measured at the end of the 2-wk period. Outcome
variables were selected based on a principal component
analysis and analyzed using mixed effects models re-
flecting the experimental design. The results showed
that the first cow per milking batch required more time
(on average >40 s) to enter very small HB stalls than
to enter small, large and very large stalls (<30 s). Also,
cows yielded more milk per milking in very small and
very large HB stalls than in the small and large milking
stall dimensions [very small: 15.8 kg; 95% confidence
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interval (CI), 14.2-17.4 kg); small: 14.3 kg (95% CI,
12.8-15.9 kg); large: 14.6 kg (95% CI, 13.1-16.1 kg);
very large: 16.1 kg (95% CI, 14.6-17.6 kg)]. The other
behavioral, physiological and milk flow parameters as
well as udder health were not affected by stall dimen-
sions. For the SBS parlor, effects of milking stall dimen-
sions were not detectable in any of the parameters. De-
spite the strong avoidance behavior to enter the milking
parlor (measured as latency), no acute stress responses
were found during milking. However, the study cannot
exclude long-term effects of narrow stall dimensions on
stress levels and possibly udder health, which should be
investigated in future studies.

Key words: cow body dimension, dairy cow,
herringbone, milking stall dimension, side-by-side

INTRODUCTION

Due to a genetic correlation between milk yield,
withers height, and chest depth, selection for high milk
yield has caused the body dimensions of dairy cows
to increase over the past decades (Rauw et al., 1998;
Hansen 2000; Schonmuth and Lober, 2006). However,
recommendations regarding milking stall dimensions in
group milking parlors have not been adapted to this
increase in body size. Furthermore, in existing milk-
ing parlors, large cows might have insufficient space to
stand in a natural body position in the milking stall. In
a study conducted on Swiss dairy farms, Gomez et al.
(2017) measured milking stall lengths that were shorter
than the body length of large cows in a given herd.
Limited space might increase the pressure of the milk-
ing parlor elements on the cow’s integument, which can
lead to pain or injuries.

Furthermore, in group milking parlors, cows cannot
respect the individual distance to other cows. There-
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fore, the sensation of being pressed to another cow will
be more intense in smaller stalls and those without di-
viders. The space limitation and the lack of individual
distance might negatively affect cow welfare and trigger
stress. It is of interest to know whether small-sized milk-
ing stalls in group milking parlors lead to behavioral or
physiological responses indicating acute stress, or even
chronic stress reflected by, for example, reduced udder
health.

In cows, acute stress caused by an uncomfortable
situation (Lefcourt and Akers, 1982) or an unfamiliar
environment (Bruckmaier et al., 1993; Bruckmaier and
Blum, 1998) can disturb milk ejection, with a complete
lack of oxytocin release leading to the inhibition of milk
ejection, or with reduced oxytocin release leading to a
decrease in total milk yield. In addition, previous studies
reported that small space allowances in the waiting area
led to an increased heart rate as well as to more agonis-
tic behavior and restlessness, and that restlessness was
still detectable during milking (Irrgang et al., 2015).
Further studies assessed the effect of different stressors
during milking by assessing milk cortisol (Hagen et al.,
2004; Gygax et al., 2006), heartbeat parameters (Gygax
et al., 2008; Kauke and Savary, 2010; Kézér et al., 2015;
Kutzer et al., 2015), the number of cows entering the
milking parlor involuntarily (Kauke and Savary, 2010),
elimination rate (Stefanowska et al., 2000; Rushen et
al., 2001; Kauke and Savary, 2010), hind leg activity
(Rushen et al., 2001; Gygax et al., 2006, 2008; Kauke
and Savary, 2010), eye aperture (Kutzer et al., 2015),
the duration of different phases of the milking process,
or the total milk yield (Rushen et al., 2001; Hagen et
al., 2004; Kutzer et al., 2015). Based on these studies,
stress was found to shift the sympatho-vagal balance to
sympathetic activity, leading to increased heart rate,
change in cortisol concentration, occurrence of elimina-
tion, hind leg activity, and the probability of eyes wide
open.

To our knowledge, milking stall dimensions are usu-
ally based on practical experience and comfort distance
for milkers to reach the udder. There is no scientific
evidence so far on milking stall dimensions that do not
compromise cow comfort during milking.

The aim of this study was therefore to investigate
the effect of milking stall dimensions on behavioral and
physiological stress indicators in dairy cows. A cross-
over study was conducted in an experimental milking
parlor that was convertible from a herringbone (HB)
to a side-by-side (SBS) parlor and was adjustable in
length and width. It was predicted that a reduction
in space allowance in the milking stall would lead to
stress responses during milking and that an increase in
milking stall size would alleviate this stress.
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MATERIALS AND METHODS

Animals and Housing

The study was conducted in the experimental milk-
ing parlor of Agroscope (Ténikon, Switzerland). The
experimental cows belonged to a herd consisting of 52
dairy cows of mixed breeds (Brown Swiss and Holstein
x Swiss Fleckvieh; Table 1). They were kept in a cubi-
cle barn and subdivided into 3 groups, which were kept
under identical husbandry conditions. Cows were fed a
TMR ad libitum 7 times daily. All the cows shared an
exercise yard. The groups were kept separately in the
barn and in the waiting area for the milking parlor (1.5
m®/cow). The 2 experimental groups consisted of 15
lactating dairy cows each and had access to only one
side of the milking parlor throughout the experiment.

Experimental Design

The HB and SBS parlor type were studied separately.
For each parlor type, the experiment consisted of 2 con-
secutive blocks (Table 2). In the first block, 2 extreme
milking stall dimensions (very small and very large)
were used to provoke a stress response (in very small
stalls) and to seek for positive effects on animal welfare
when providing abundant space (in very large stalls).
Consequently, these stall dimensions were much smaller
or larger, respectively, than those found in practice
(for details, see Table 2). In the second block, the stall
dimensions were within a standard range that is com-
mon in European dairy farming (small and large). In
the present study, these 2 standard dimensions were
used to investigate whether a minimal increase in the
milking stall dimensions already has an effect on the
behavior and stress responses of cows. Together, the 4
experimental treatments covered a wide range of milk-
ing stall sizes to investigate potential stall size effects
on cows milked in group milking parlors.

Each block lasted for 4 wk in total and was designed
as a crossover study with milking stall dimensions
(length and width) being small on one side and large
on the other side of the parlor for 2 wk, followed by a
size reversal for another 2 wk (e.g., phase 1 with large
on the left-hand side and small on the right-hand side
for wk 1 and 2, followed by phase 2 with small on the
left and large on the right in wk 3 and 4; Table 2,
Figure 1). To minimize carry-over effects, the stall sizes
were set to a reference size (Table 2) for 3 d between
phases 1 and 2. The milker always drove group 1 into
the left waiting area first, closed the gate between the
2 waiting areas, and then drove group 2 into the right
waiting area. Accordingly, animals of group 1 always
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= z = % of group 2'always entered the parlor on the right (Fig-

g g{j & ure 1). This was necessary to ensure that a given cow

% = 8 |8 was always milked in either a small or large milking
H%D .f g - stall in a given phase per block.
% 21° ;j; 5 Two weeks before each experimental block, groups
s g ©EOwE YT Taeax 4 were established to allow habituation to the group com-
~§ ‘:“f - 5 position and parlor side, and milking stall dimens'i(.)ns
5 = . E were set to the reference size. The group composition
E ;f §8 g was balanced for breed, body length (di'stance head
g § — g; % of humerus to ischial tuberosity), body Wldth (largest
8 2| E T horizontal distance at the belly) and parity (Table 1).
] S LSD = For the HB parlor, 6 cowsbwere exc?aulllgedt W;thfr{ﬁellw
= ¢ HH4H1 2 cows after the first block, because of the start of the
E 7 cmoEm T 58 2 § dry off phase for calving or due to health issues. For the
= L: SBS parlor, the group composition remained the same
g 3 for both blocks.
= —~ Z
= = £ o
= = ) Experimental Milking Parlor
E a & B
—Z\ % g/ | ~ E The waiting area and the milking parlor were in 2
g S o oolE separate rooms, connected by an entrance on each side
i oY Yz owey “’:j j El of the milking parlor. The entrance doors were closed
§ E = 8 g manually by the In(ilkers Wh)en 2;1 millﬁ{ng batcllrl was in
= g < the milking parlor (Figure 1). The milking parlor room
E” > g i» was designed such that parlor types could be exchapgfzd.
> - = ; An HB and an SBS system, each with 2 x 5 milking
E & = | a8 stalls, were installed successively (Figure 1; r1.“able 2).
S 505 S 2 In addition, the milking stalls were adjustable 1n.depth
a 5 N g (HB: per.pen('iicular distance between rump 1“3:11 and
£ g - - - B 3 *;g breast rail; Figure 1) or length .(HB and SBS: dlstance
z g g < between the center of rump rail 'and breast rail ?Llong
2|2 58 the cow body) and width (HB: distance between index
g %o — %é brackets; SBS: distance between positioning barriers;
2 E g se Figure 1). The milkingﬂparlﬁrs hid falfr; hentrancetgatg
g ™ £ A g that closed automatically when the fifth cow entere
gﬂ ’5% ii/ \ ":%*é the milking stall EFigfe 1). - b rad
g 3 R The HB parlor (GEA Farm Technologies Gm rails
:‘g co =wo o=wwd A E § positioned cows at a 30° angle. Rails could be adjgsted
= g B = R Sg to the dimensions given in Table 2. Cows were guided
é & $:3 by an index bracket on the front gate. ‘
& g 2 R The SBS system (Betebe GmbH) was a mi.lklng
5 :5 &8 % parlor with a suspended rump and a breast rail for
E ; S %E o 6 standard milking stalls. This oversizing allowed for
2 5 2 | o w8 B adjusting the width of 5 stalls flexibly between 65 and
é © ; : ;i & 80 cm. The positioning barriers separated and guided
E 2w TE TYCa B3 x the cows at a 90° angle. The system was equipped with
E - §§ é a rapid exit system. .
'é 2 23 The milking machine (GEA Farm .Technologgles
i ) S g iz;f ﬁ g GmbH) was a low-line system with 'mllk rcicordlng
a . EN?E Vi %g %f E % devices and automatic Cluste}r removing k(mllkl ﬂfvv
- 5 =2 _ COE Ex é'cg - threshold per udder: 0.3 lfg/mln).. The mil 1?g clus e(l;
% § 3 5 §*§ ~==z=a %}%}é 2E S5 GEA Classic SQO was equlppgd with rubber iners an
= £ @R E~"aVIm NgRan|r P 2 short silicon milk tubes (Siliconform) and positioned

Journal of Dairy Science Vol. 105 No. 1, 2022



Gomez et al.: EFFECTS OF SMALL MILKING STALLS ON STRESS RESPONSES IN DAIRY COWS

612

Table 2. Details on stall dimensions given in centimeters per milking parlor, block (extreme or standard), and phase (1 or 2) for the different

treatments’

Block Phase Left (group 1) Right (group 2) Period

Herringbone

Extreme 1 Very large: 191 x 153 x 125 cm Very small: 165 x 135 x 110 cm August
2 Very small: 165 x 135 x 110 cm Very large: 191 x 153 x 125 cm

Standard 1 Small: 174 x 141 x 115 cm Large: 182 x 147 x 120 cm September
2 Large: 182 x 147 x 120 cm Small: 174 x 141 x 115 cm

Side-by-side

Extreme 1 Very large: 183 x 73 cm Very small: 165 x 68 cm May
2 Very small: 165 x 68 cm Very large: 183 x 73 cm

Standard 1 Large: 175 x 70 cm Small: 170 x 68 cm June
2 Small: 170 x 68 cm Large: 175 x 70 cm

"Length for the side-by-side parlor is given including the manure curb (19.5 cm). Stall dimensions are given as length x depth x width for the
herringbone, and length x width for the side-by-side parlor (see Figure 1). Reference size was (length x depth x width): 178 x 144 x 118 cm

for herringbone and 171 x 68 cm for side-by-side.

with the Posilactors and Posiballs (both GEA Farm
Technologies) for the HB and SBS parlor, respectively.
Cows were milked at the working vacuum of 38 kPa
with an alternate pulsation as recommended by the
manufacturer. The pulsation ratio was set to 60:40 with
a pulsation rate of 60 cycles/min. Stimulation was per-
formed automatically depending on a cow’s lactation
stage. The automatic stimulation lasted 30 s for cows in
the first lactation stage (DIM: 1-100), 40 s for cows in
the second lactation stage (DIM: 101-200) and 50 s for
cows in the third lactation stage (DIM: >201).

Milking

For milking, the milker opened the entrance gate of
the milking parlor first and then the entrance door to
let 5 cows (one milking batch) enter the milking parlor
room. When milking of the last cow of a batch was
finished, the 5 cows were released, and a new batch
of 5 cows entered the parlor. The composition of the
milking batches varied per milking and depended on
the cows” order of entrance. All 15 cows per group were
thus milked in 3 batches (see below).

Data Collection

Milking stall dimensions were adjusted to the dimen-
sions given in Table 2 after the first morning milking of
a given phase. Data were collected 4 times per phase,
as shown in Table 3. For the HB parlor, the observation
periods for behavioral and physiological parameters
began with the evening milking and ended with the
subsequent morning milking, whereas for the SBS par-
lor, data were collected during evening milkings only
(Table 3). Milk samples for HB were collected on the
subsequent evening and morning milkings following the
fourth observation period on d 11 and 12. In addition,
for both parlors, milking stall dimensions were set back
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to the reference size on d 12 and remained as such until
the first day of the following phase (Tables 2 and 3).

The same 2 persons, who were familiar with the cows,
gathered the cows into the 2 separate waiting areas
and milked them throughout the experiment with the
same milking routine. During milking in the observa-
tion periods, one laboratory technician was responsible
for handling the LactoCorder devices (WMB AG); and
for taking milk samples after the last day of an observa-
tion period. Additionally, one experimenter collected
behavioral data. The laboratory technician and the
experimenter were standing in the milking pit with the
milker. For the HB parlor, an additional experimenter
was responsible for taking pictures of the cows’ eyes
before milking cluster attachment and during detach-
ment. This person stood on the floor level with the
cows outside the milking pit.

Behavior, Heartbeat, and Eyes

The following behavioral and physiological param-
eters were collected.

Awvoidance to Enter the Milking Stalls. During
data collection, parlor entry behavior of the cows and
efforts of the milker to drive cows into the parlor were
recorded on video. The parameters examined were the
latency to entering the milking parlor (in seconds) of
the first and fifth (last) cow per milking batch, and the
number of cows per milking batch that were driven into
the parlor by the milker. The latency was recorded as
the time when the door from the waiting area opened
until the first and the last cow per milking batch (group
of 5 cows) had passed the milking parlor’s entrance
gate with her 4 legs.

Elimination. It was recorded whether cows defecat-
ed or urinated in the milking parlor. Recording began
when the cow had passed the milking parlor’s entrance
gate and ended when the exit gate was opened.
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Table 3. Milking times for data collection per phase with days given for behavioral observations and physiological data collections in 4
observation periods (starting with evening milking: 1600 to 1800 h; ending with the subsequent morning milking: 0400 to 0600 h)!

Observation Observation Observation Observation
period 1 period 2 period 3 period 4
Data collected d1 d2 d3 d4 db do6 d7 ds8 d9 d 10 d11 d 12 d13 d 14
Behavioral data pm am pm am pm am pm am
Physiological data pm am pm am pm am pm am
Milk sampling pm am

"In the side-by-side parlor, behavioral and physiological measurements were collected only during the evening milking. On d 12, 13 and 14, milk-

ing stall dimensions were set back to reference stall size in both parlors

Tail Position. Tail position was scored as straight
(score = 0) or tucked in (score = 1; Feist, 2004). It was
scored once before cluster attachment, twice during the
main milking phase, and once during cluster detach-
ment. If at least 2 scores were 1, the tail was considered
tucked in.

Rumination Activity. The RumiWatch system
(RumiWatchSystem; Itin+Hock GmbH) was used to
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depth depth
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door door
Group 1 Group 2
Waiting area

measure rumination activity. The system consisted of a
noseband pressure sensor with acceleration sensors (10
Hz frequency) integrated into a halter as described by
Zehner et al. (2017). After halter attachment, the cows
were allowed to habituate to the collar for 24 h before
measurements started. To prevent abrasions on the
cows” noses, halters were removed after 11 d and reat-
tached at the beginning of the next observation period.
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Figure 1. Experimental milking parlor with adjustable stall dimensions set up as a herringbone parlor (left) and a side-by-side parlor (right).
For illustration: the left side shows the very small milking stalls, and the right side shows the very large milking stalls in both parlor types.
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The data were exported and further analyzed using the
RumiWatchConverter Version 0.7.3.2 (Zehner et al.,
2017). Chewing activity was automatically quantified
as pressure peaks above a validated critical threshold
value (28 mbar; Zehner et al., 2017) and given as num-
ber of chews per minute and number of boli per minute.
An additional measure of whether rumination occurred
for longer than half the duration of the milking time
was also included.

Hind Leg Activity. To record hind leg activity dur-
ing the main milking phase, a 3D acceleration logger
(MSR145; MSR Electronics GmbH) with a recording
rate of 1 Hz and sensor sensitivity of 16 ¢ was used.
The sensor was attached on the left hind leg above the
fetlock after the morning milking of each observation
period (milking finished at 0600 h). This allowed the
cows to habituate for approximately 10 h until mea-
surements began with the evening milking. After the
following morning milking, the device was removed,
and data were transmitted to the computer using the
software MSR 5.24.02v (MSR Electronics GmbH).
Only data recorded during the main milking phase (let-
down of cistern and alveolar milk) were considered for
further analysis. Activity values were calculated in 2
steps. First, the differences between successive absolute
acceleration values were calculated. Second, the differ-
ences of all 3 dimensions of the coordination system
were summed and divided by the duration of the main
milking phase to calculate the cow-individual activity
rate per second.

Heartbeat Parameters. For measuring the heart
beat parameters, Polar thorax belts and transmitters
(Polar Team® Pro system; Polar Electro Oy) were used.
The attachment of Polar thorax belts and the applica-
tion of electrode gel at electrode contact points took
place after the morning milking (finished at 0600 h)
in each observation period. This timing allowed for a
sufficient habituation period before the start of the
measurements at the evening milking (beginning at
1600 h). An additional elastic girth was fitted over the
thorax belt to ensure good contact between the elec-
trodes and skin. After the following morning milking,
the device was removed, and data were transmitted to
the computer. Only intervals of the same length were
considered for analysis. Due to the high error rates
in heartbeat parameters, all possible 2-min intervals
available per cow and milking were identified, and the
first 2-min interval available per cow was used for the
analysis.

The selected interval was the first with a <5% aver-
age error rate in the beat-to-beat measurements. The
analyzed 2-min intervals therefore started between
zero minutes after cluster attachment and latest 2 min
before cluster detachment. The selected intervals were
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corrected using the algorithm provided by the software
Polar ProTrainer Equine Edition, Polar 32 (Polar Elec-
tro Oy). The algorithm was validated by Hopster and
Blokhuis (1994) and Marchant-Forde et al. (2004). The
parameters used for analysis were (1) number of beat-
to-beat intervals (heartrate, bpm); (2) square root of
the mean of the sum of the squared differences (rMS-
SD) of successive normal-to-normal R-R intervals as a
short-term variability measure (Mohr et al., 2002); and
(3) standard deviation of the normal-to-normal R-R
intervals (sdnn)/rMSSD ratio as a measure of the
sympatho-vagal balance (Balocchi et al., 2006; Sollers
et al., 2007; Wang and Huang, 2012) with sdnn as a
long-term variability measure (Mohr et al., 2002).

Visible Eye White and Eye Temperature. Pic-
tures were taken from outside of the milking parlor at
a distance of approximately 1 m from the cow and at
an angle of 90° by using a fixed focal length (as sug-
gested by Schaefer et al., 2012). Pictures were taken
before cluster attachment and during cluster detach-
ment. Because this data collection process required the
movement of a person in front of the cows, they were
habituated to the presence of this person for one week
in advance, and pictures were taken by only this person.
Values before cluster attachment and the difference be-
tween before attachment and during detachment were
considered for principal component analysis.

For visible eye white, the camera system used was
a digital single lens reflex camera (Nikon D7000 with
the Nikon AF-S DX Nikkor 24 mm /2.8 D). Images
were analyzed using the software ImageJ 1.48v (W. S.
Rasband; US National Institutes of Health). For valida-
tion, see Gémez et al. (2018). The person who analyzed
the images did not take part in data collection and was
blind for treatments.

For eye temperature, an infrared camera FLIR T620
b2.2 with a 25° lens and 640 x 480 resolution per 30 Hz
was calibrated to ambient temperature and humidity
with an accuracy of + 2°C and a thermal sensitivity of
<0.04°C (FLIR Systems). The maximum eye tempera-
ture was measured as described by Stewart et al. (2005)
by directly measuring within an oval area covering the
entire eye and approximately 1 cm around the eyelids
in the JPEG file using the FLIR Tool+ Software add-in
for MS Office Word (FLIR Systems).

Milk

Cortisol. The cortisol levels in milk represent an
overall stress load between successive milkings (Wenzel
et al., 2003; Sgorlon et al., 2015). Milk samples for cor-
tisol analysis were taken with the LactoCorder (WMB
AG). Sampling took place on d 11 (p.m.) and d 12
(a.m.) (Table 3) in the HB parlor only when no behav-
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ior or physiological variables were recorded. The aim of
collecting milk samples for cortisol assessment was to
investigate whether the handling in-between 2 milkings
negatively affected the cows and was not considered as
a stress measure during milking itself.

The milk cortisol concentration was determined by a
competitive ELISA according to Gellrich et al. (2015)
with minor modifications. Briefly, experimental milk
samples were thawed and centrifuged (3,000 x g, 4°C,
15 min) to obtain skim milk. Microtiter plates precoat-
ed with goat IgG antirabbit IgG were used (1 pg/well).
The residual binding sites on the microtiter plates were
blocked per well with 380 pL of 0.1% BSA in an assay
buffer (7.12 g/L Na,HPO,-2H,0, 8.5 g/L NaCl, 1g/L
BSA; Merck KGaA). The skim milk samples, standards,
and controls (20 pL/well) were applied in duplicates.
The standard curve ranged from 0.04 ng of cortisol/
mL of skim milk pretreated with activated charcoal to
5 ng/mL. Subsequently, cortisol-21-glucuronide labeled
with horseradish peroxidase (100 pL, diluted 1:8,000;
Roche Diagnostics GmbH) and a specific antibody
C1Pool2 (100 pL, diluted 1:120,000) against cortisol-
21-hemisuccinate produced in rabbits (Sigma-Aldrich
GmbH) were added. A 0.05% Tween 80 solution was
used as a washing buffer. Absorbance was measured
at 450 nm by using the Cytation Imaging Reader from
BioTek. The interassay coefficient of variance was 13%
on average, and the intra-assay coefficient of variance
was <10% on average. The detection limit of the as-
say was 0.1 ng/mL. The analyst (AH) was blinded for
treatment.

Somatic Cell Count. The majority of milk in the
sampling bottles was transferred into a small bottle
with a tablet of Bronopol (2-brom-2-nitro-1,3-propan-
diol) for conservation. The samples were sent to the
milk laboratory Swisslab, Zollikofen (Switzerland) for
SCC analysis.

M:lk Flow. Milk flow was recorded on the observa-
tion periods by LactoCorders (WMB AG). After milk-
ing, data were exported using the software LactoPro
Version 5.2.0 and stored as a csv file for statistical
analysis. The variables considered were duration of
main milking phase, total milk yield, maximum milk
flow rate, duration of plateau phase, duration of decline
phase, and bimodality.

For the HB parlor, the final observation period (d
10: p.m. and d 11: a.m.; see Table 3) of the extreme
block with very small and very large milking stalls was
excluded because cows had escaped from the barn on
that day. In addition, there was no data collection in
the final observation period (d 10: p.m. and d 11: a.m.;
see Table 3) during the standard block with the small
and large milking stalls due to personnel constraints.
Thus, there were only 3 observation periods each for
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the HB parlor in the blocks extreme and standard. Fur-
thermore, 3 milking batches exposed to the very small
milking stalls were excluded because only 4 instead
of 5 cows of these milking batches entered the parlor
together. These incomplete milking batches occurred
on different days and on different milking parlor sides.

Statistical Analysis

The statistical analysis was performed using R ver-
sion 4.0.0 (https://r-project.org). The HB and the SBS
parlor data were evaluated separately.

Before any treatment effects were assessed, a princi-
pal component analysis (PCA) was conducted based
on the HB parlor data to check for interrelationships
between behavioral, physiological and milk flow param-
eters (princomp function of “stats” package, https://r
-project.org). The set of variables from the HB parlor
was used because not all the variables were recordable
in the SBS parlor (such as heart beat parameters, vis-
ible eye white and maximum eye temperature due to
close physical contact and parallel positioning of the
cows). The PCA was calculated using behavioral,
physiological and milk flow parameters. To account for
dependency in the data, the residuals of all these poten-
tial outcome variables were first calculated using linear
mixed effects models with the random term only (see
below). Heartbeat parameters were log-transformed.

The PCA was conducted on the residuals of all the
above-mentioned variables (except for latency, pro-
portion of driven cows, cortisol, SCC and rumination
activity, due to other data structure or high collinear-
ity). The first 4 principal components (PC) explained
48.43% of variance in the data set (for details see
Supplemental Table S1, https://data.mendeley.com/
datasets/3324h38v59/1). To reduce the number of
statistical comparisons, only the parameters with the
highest loading on one of the first 4 PC were used for
further analyses.

Using the parameters directly instead of PC made
interpretation easier and may facilitate the selection
of parameters for future studies. The final parameters
were heart rate, the difference in percentage of visible
eye white before cluster attachment and during detach-
ment, total milk yield, and duration of the decline
phase.

For the latency of the first and fifth cow to enter the
milking parlor and proportion of driven cows, which
are variables on the level of the milking batch, no PCA
was conducted because the variables showed high col-
linearity among themselves and, therefore, only latency
of the first cow to enter the milking parlor was used for
further analysis. For milk cortisol and SCC, no PCA
was conducted because the samples were collected only
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Table 4. P-values of the comparison between the full model and the model with intercept only using maximum likelihood ratio test for the
binomial data (rumination activity) and parametric bootstraps for the continuous data (all other parameters); P-values are given by type of

milking parlor

Herringbone

Side-by-side

Full to intercept-

Full to intercept-

Parameter’ only model Treatment Parity only model Treatment Parity
Latency first cow per milking batch? 0.026* 0.219
Rumination NA? NA NA 0.930 —4 —
Heart rate 0.026* 0.631 0.002%* NA NA NA
Eye white 0.101 — NA NA NA
Total milk yield 0.010%* 0.009* 0.142 0.083 — —
Duration of decline phase 0.103 — — 0.126 — —
Milk cortisol 0.734 — — NA NA NA
SCC 0.212 — — 0.551 — —

"Latency to entering the parlor, heartbeats per minute, and SCC were log-transformed.

*Treatment was the only fixed effect in this model.
SNA = parameters were not recorded for this parlor type.

‘Not calculated because of nonsignificant full to intercept-only model comparison.

*P < 0.05.

once at the end of the observation period (d 12: p.m.
and d 13: a.m.). Additionally, rumination activity,
which was recorded in the SBS parlor only, was used
directly for further analysis.

In the next step, linear mixed effects models (func-
tions lmer and glmer of the “lmed” package; Bates et
al., 2015) were fitted with the above-mentioned selected
behavioral and physiological variables as outcomes
(listed in Table 4). Milking stall size (factor with 4
levels: very small, small, large, very large), observation
period (factor with 4 levels: 1, 2, 3, 4) and their interac-
tion were used as fixed effects. Parity (factor with 2
levels: first, higher) was included as an additional fixed
effect to control for its possible effects on the outcome
variables.

To reflect repeated measures of the cows, observation
period (for HB only) was nested within phase, block,
cow identity and side of milking parlor. Observation
period had to be considered only for the HB parlor be-
cause cows were recorded twice per day (morning and
evening milking), whereas in SBS parlors cows were re-
corded only once per day (evening milking). To account
for the fact that 5 cows were milked in the same batch
(at the same time), an additional crossed random effect
was included with milking batch (both parlors) nested
in milking time (for HB only), date (both parlors) and
block (both parlors).

For the latency of the first cow to enter the milk-
ing parlor, the fixed effect was milking stall size. As
random effects, observation period (for HB only) was
nested in phase (both parlors), block (both parlors) and
side of milking parlor (both parlors) and crossed with
date (both parlors) nested within block (both parlors).
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For effects on milk cortisol and SCC, the fixed effects
were milking stall size and parity.

With respect to observation period as a fixed effect,
no consistent pattern could be found in the main effect
of observation period or in the interaction of obser-
vation period with stall size that was consistent with
a habituation effect. Therefore, the effect of observa-
tion period and the interaction of observation period
with stall size were omitted in the final model. This
final model included only the fixed effects of stall size
and parity. First, this “full” model was tested against
the model with the intercept only (but with all the
random effects). Moreover, it was checked in a figure
of the raw data that there were no large main effects
that might have been missed due to a high amount
of unexplained variability. For model comparison, the
parametric bootstrap approach in the pbkrtest pack-
age was used (Halekoh and Hgjsgaard, 2014). Due to
convergence problems with the glmer models used for
binomial data, a maximum likelihood ratio test was
used for rumination.

The residuals of all models were checked visually for
normal distribution and homogeneity of variance. To
satisfy these assumptions, some outcome variables re-
quired log or logit transformation (for details see Table
4).

RESULTS

In the SBS parlor, milking stall size did not affect
any of the tested parameters (Table 4, Figures 2, 3,
and 4). In the HB parlor, the latency of the first cow to
enter the milking parlor as well as the total milk yield
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were affected by stall size (Table 4, Figures 2, 3, and 4).
The estimated latency for first cows per milking batch
to enter the HB parlor when the milking stalls were
very small was 49.7 s (95% CI, 30.9-77.2 s; Figure 2),
in contrast to latencies found for first cows per milking
batch in the small [13.2 s (95% CI, 6.3-28.3 s)], large
[22.1 s (95% CI, 10.2-48.9 s)] and very large [19.6 s
(95% CI, 13.1-29.1 s)] milking stalls.

Heart rate was not significantly affected by milking
stall size (Figure 3, Table 4). The model estimates for
heart rates were 71.0 bpm (95% CI, 67.5-74.9 bpm),
70.8 bpm (95% CI, 67.2-74.6 bpm), 69.7 bpm (95% CI,
66.1-73.6 bpm) and 70.3 bpm (95% CI, 66.8-74.1 bpm)
for very small, small, large and very large milking stalls,
respectively. Primiparous cows had higher heart rates
[73.3 bpm (95% CI, 69.5-77.3 bpm)] than multiparous
cows [69.4 bpm (95% CI, 66.1-72.9 bpm); Table 4].

In the HB parlor, the total milk yield per milking
was higher in very small and very large [15.8 kg (95%
CI, 14.2-17.4 kg) and 16.1 kg (95% CI, 14.6-17.6 kg),
respectively] than in comparison to small [14.3 kg (95%
CI, 12.8- 15.9 kg)] and large [14.6 kg (95% CI, 13.1-16.1
kg)| milking stalls (Table 4; Figure 4). A parity effect
could not be found (Table 4) for cows in the HB parlor.
In the SBS parlor, primiparous cows yielded less milk
than multiparous cows [primiparous: 10.0 kg (95% CI,
8.6-11.5 kg); multiparous: 12.5 kg (95% CI, 11.5-13.5
kg)].

For the HB parlor, neither milking stall size nor par-
ity affected the difference in the percentage of visible
eye white before cluster attachment and during detach-
ment (before attachment (mean + SE): 41.4% + 0.8%,
37.4% + 0.8%, 36.6% + 0.8%, and 37.6% =+ 0.7%; dur-
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ing detachment: 40.8% + 0.7%, 37.0% + 0.8%, 36.5%
+ 0.7%, and 39.3% =+ 0.7%; order from very small to
very large; Figure 3), the duration of the decline phase
(Figure 4), the milk cortisol concentration or the SCC
(Figure 4; Table 4).

DISCUSSION

Latency to entering the milking parlor was signifi-
cantly related to the stall dimensions in the HB parlor.
The latency to entering the milking stall tended to
increase as the stall size decreased. Savary et al. (2014)
and Goémez et al. (2017) also measured the latency of
cows to enter the milking parlor on dairy farms. Both
studies reported time values between 22 and 44 s. In
the present study, the estimated latency to entering the
very small milking stalls for the first cows per milking
batch was 49.7 s (95% CI, 30.9-77.2 s) in the HB par-
lor. This long latency indicates avoidance of the limited
space in this type of milking parlor. The observation
that the last cows in 3 milking batches refused to en-
ter the milking parlor, strengthens the assumption of
avoidance behavior. The values we found in the SBS
parlor reflect the latencies of the 2 studies cited above.

Furthermore, in the HB parlor, the difference in the
percentage of visible eye white before cluster attach-
ment and during detachment did not show differences
in relation to stall size (not tested in SBS). Notably, the
level of visible eye white in very small stalls was approx.
41%, comparable to what was found for cows exposed
to stressful situations, such as claw trimming (40.7%;
Goémez et al., 2018) or food denial (45%; Sandem et
al., 2006). During feeding, the percentage of visible eye
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white was found to range between 36 and 38% (Gdémez
et al., 2018), which is similar to values found in very
large stalls before cluster attachment (37.6%) but still
higher than observed by others (25% in Sandem et al.,
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Figure 3. Effects of milking stall sizes on heartrate (beats/min)
and difference in the percentage of visible eye white between before
attachment and during detachment of milking clusters in cows milked
in a herringbone parlor (HB), and rumination activity (chews/min)
in cows milked in a side-by-side (SBS) parlor. Solid lines = model
estimates, dashed lines = upper and lower 95% confidence intervals.
Lower whisker of boxplots = minimum data point; lower line of the
box = 25% quantile; horizontal line inside the box = median; upper
line of the box = 75% quantile; upper whisker = highest data point.
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2002, 2004; 16-18% in Proctor and Carder, 2015). Cows
might express some vigilance due to the close proximity
of conspecifics or due to the milking procedure itself,
because pictures were taken before cluster attachment
and during detachment, i.e., when cows were touched
by the milkers. Visible eye white in large stalls was
in a similar range to the values found during feeding
(Gomez et al., 2018).

In the HB parlor, most of the other parameters were
not affected by milking stall size except for the total
milk yield. It had been expected that cows would show
a stronger stress response to very small milking stalls,
resulting in the inhibition of milk ejection (Bruckmaier
et al., 1993) or in reduced milk yield (Bruckmaier and
Blum, 1998; Rushen et al., 1999, 2001). Inhibition of
milk ejection never occurred during the whole study.
Contrary to this expectation, higher total milk yield
was found in very small and very large milking stalls.
The difference in total milk yield between milking
stalls of different size should probably be considered
as biologically not relevant and might rather be caused
by the change in group composition for HB after the
first block. The maximum difference in total milk yield
between the 4 milking stall dimensions was estimated
by the model to be approximately 1.8 kg (leading to
a difference of maximum 12.6%), though the varia-
tion is large across all 4 stall dimensions. Generally,
the 2 milkers were instructed to use strictly consistent
milking routine procedures regarding premilking, clean-
ing, and unit attachment. Nevertheless, it cannot be
excluded that they might have applied more postmilk-
ing efforts (such as increased pressure on milking unit,
more stimulation of the udder) for cows in very small
milking stalls if they expected to have more stressed
cows in very small milking stalls. Such increased ef-
forts might have led to changes in total milk yield, but
in-depth investigations in future studies are needed to
evaluate a possible effect.

In the SBS parlor, no stall size effects on total milk
yield were identified, but parity effects were observed
with less total milk yield for primiparous cows, which
was not found in the HB parlor. This finding is prob-
ably due to a higher number of primiparous cows in the
group of cows milked in the SBS than in the HB parlor.

Disturbed milk ejection affects not only the total milk
yield, but also the milk flow characteristics (Bruckmaier
et al., 1996). However, the duration of the decline phase
was not influenced by the treatments in HB and SBS
milking parlors in the present study. Values measured
were in a range similar to that in the study by San-
drucci et al. (2007). Although the cows were hesitant
to enter the very small milking stalls, the limited space
did not induce a stress level that negatively influenced
milk ejection.



go 254
© 4
3 20
>
= 154
IS
T 10
¢
5_
10 -
g
2 8 -
o
()]
=
3T &
T g
5= 4.
c
k]
®
5 2
o]
0.
40+

Somatic cell count
[10,000/mL]
N
e

Gomez et al.: EFFECTS OF SMALL MILKING STALLS ON STRESS RESPONSES IN DAIRY COWS

very small

small

large

very large

very small

very small

HB milking stall size

HB milking stall size
small large very large
HB milking stall size
- /\ S
small large very large

total milk yield [kg]

Somatic cell count

duration of decline phase
[min]

[10,000/mL]

25 1

20

15 1

10

5

10 1

40+

30+

20+

10+

619

very small

small

large

SBS milking stall size

very large

__________________________

very small small large
SBS milking stall size
very small small large

SBS milking stall size

very large

Figure 4. Effect of milking stall sizes on milk flow parameters, such as milk yield, duration of decline phase and somatic cell count in cows
milked in a Herringbone (HB, left) or a side-by-side parlor (SBS, right). Solid lines = model estimates, dashed lines = upper and lower 95%
confidence intervals. Lower whisker of boxplots = minimum data point; lower line of the box = 25% quantile; horizontal line inside the box =
median; upper line of the box = 75% quantile; upper whisker = highest data point.

The cortisol levels in milk represent an overall stress
load between successive milkings and reflect the average
variation in blood cortisol within the 12-h milking in-
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terval (Verkerk et al., 1998; Wenzel et al., 2003; Sgorlon
et al., 2015). The lack of effect found for milk cortisol,
only measured in the HB milking parlors, implies that
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the successive milkings were not affected by the experi-
mental setting and the handling in-between milkings.
The values were in a rather similar range as found in
previous studies (Hemsworth et al., 1989; Wenzel et al.,
2003; Hagen et al., 2004; Gellrich et al., 2015).

Heartbeat parameters were not affected by milking
stall sizes in the HB parlor (not tested in SBS), but
the heart rate was higher in primiparous than in mul-
tiparous cows. Compared with previous studies that
also analyzed the heart rate of cows during milking,
the number of beats per minute was lower (Weiss et
al., 2004; Gygax et al., 2008; Kézér et al., 2015) or
in similar range (Kauke and Savary, 2010). The heart
rate of acutely stressed cows was reported to be signifi-
cantly higher (Hopster et al., 1995; Gémez et al., 2018),
indicating that the heart rate values measured in the
current study were within a normal physiological range
during milking.

Nonetheless, the large interindividual variances found
for the parameters SCC in the HB parlor (smaller in-
terindividual variance in SBS) and rumination activity
in the SBS parlor (not tested in HB) make interpreta-
tions difficult in a broader context of stress. Somatic
cell count does not seem to be suitable for detecting a
short-term stress situation in milking parlors because
it depends on other aspects such as hygiene or season
(Olde Riekerink et al., 2007; Zucali et al., 2011). How-
ever, the medium- or long-term effect of limited space
in milking stalls on udder health should be investigated
in future studies. Furthermore, this experimental study
could not confirm a tendency for less rumination with
reduced space in milking stalls observed by Gdémez et
al. (2017).

In the experimental milking parlor, it was not pos-
sible to blind the milkers for the treatment because of
its obvious visibility during milking. With very small
milking stalls in particular, the milkers’ arousal level
and voice volume increased while driving cows into
the parlor. This increased activity of the milkers could
have affected the alertness of the cows on the parlor
side with the very large milking stalls. However, the
measured latency to entering the milking parlor in very
large milking stalls was not significantly different from
the latency in standard milking stalls and did not con-
firm this concern.

Moreover, the behavior of the handlers and the be-
havior of cows has been described to correlate (Waib-
linger et al., 2002). The behavior of the milkers might
have been different for the different parlor sides due to
anticipation of problems with cows in the (very) small
stalls. In fact, a higher latency to entering the milking
parlor was found in very small milking stalls. Because
the latencies to entering the milking stalls of the second
block with standard milking stall dimensions did not
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differ from the one obtained by the very large milking
stall size, the effect of the milker is likely to be minimal.

All above-mentioned assessed behavioral and physi-
ological parameters were expected to be indicators of an
acute stressful situation experienced in very small stalls
and to reveal a negative effect of insufficient space dur-
ing milking on the behavior and milking performance
of dairy cows. However, despite obvious delays in the
latency to entering the milking parlor, no clear milking
stall size effect could be found and milking itself ran
without severe problems once the cows were positioned
in the stalls. There were no differences in the effects
found for very large milking stalls compared with the
standard large or small stalls.

Cockburn et al. (2019) measured the milking work-
load for the same very large milking stall dimensions.
Their results indicated that the very large milking
stalls dimensions did not negatively affect the health
of the milker. However, they did observe that milkers
sometimes had to stretch their upper body under the
hock rail to clean the udder or to attach the milking
cluster, thereby risking being kicked by the cow. This
risk is a safety concern, which is why very large milking
stalls should not be recommended.

The parlor-specific differences were only marginal
and could partly be due to stall design differences [such
as sight restrictions and milking direction (side vs.
rear legs)] and the lack of positioning barriers in the
HB parlor. In HB parlors, there are only small index
brackets but no positioning barriers in contrast to SBS
parlors. The positioning barriers hinder intense physi-
cal contact between adjacent cows and stabilize their
positioning within the stall.

In this study, all involved persons had the impres-
sion that cows avoided entering the milking parlor after
experiencing the very small milking stalls. The cows
stood far from the entrance door in the waiting area
and actively avoided entering the parlor; additional ef-
fort was thus required to bring them into the parlor.
However, no observations were conducted in the wait-
ing area, which should be considered in future experi-
ments regarding space allowance or structural design of
milking parlors.

CONCLUSIONS

The observed effects of milking stall dimensions on
physiological and behavioral stress parameters in cows
were much weaker than expected. Although the cows
in the HB parlor were very reluctant to enter the milk-
ing parlor with very small stalls, indicating to some
extent a reduction in comfort, no signs of acute stress
during milking could be found by any other parameter
assessed in this study. However, given the short-term
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measurements of the study, chronic stress that might
have negatively affected udder health in the longer
term cannot be excluded and should be investigated
further. The stress indicators used in this study could
not reflect the observed increase in latency to enter-
ing very small stalls in the HB parlor. There is a need
for elaborating novel methods and for observing the
behavior during entering and leaving the parlor, so that
assessments of cow comfort in the milking parlor can
be improved.
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