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The aim of this study was to investigate if visible eye white and eye temperature measurements are feasible non-
invasive physiological indicators of acute stress in cows when they are exposed to cattle crush treatment for claw
trimming.

In the experimental setting, 30 cows of two breeds (Red Holstein and Brown Swiss) were exposed to a non-
stressful (feeding) and a stressful situation (claw trimming in a cattle crush) for 10 min each. We took pictures of
the eyes at 0, 5 and 10 min after starting of exposure to measure the percentage of visible eye white (from
photographs) and the maximum eye temperature (from thermographs). Heart rate and heart rate variability
parameters were recorded continuously throughout both situations. Twenty minutes after the beginning of each
situation, saliva samples were taken to determine the cortisol concentration.

As expected, sympathetic activity and cortisol concentration were higher in the claw trimming than in the
feeding situation. However, neither maximum eye temperature nor percentage of visible eye white differed
between treatments. Instead, the results of these measurements differed between the breeds. The maximum eye
temperature increased during and after both situations in Brown Swiss cows, whereas in Red Holstein cows, it
increased after (but not during) both situations. Furthermore, we found that Red Holstein cows had a lower
percentage of visible eye white than Brown Swiss in general. This finding might be due to differences in eye
coloration patterns, with Red Holstein cows having more contrast between eye white and iris and Brown Swiss
having less contrast because of their darker eye white. This breed effect might have masked potential treatment

effects.

1. Introduction

Stressful situations lead to an activation of the hypothalamic-pi-
tuitary-adrenal axis (HPA; Selye, 1936) and stimulation of the auton-
omous nervous system (ANS; Cannon, 1935; Moberg, 2000) with the
sympathetic and parasympathetic branches (Stewart et al., 2005). This
activation can be measured by means of hormonal secretions after stress
exposure (Friend, 1980; Owen et al., 2005; Sheriff et al., 2011; Ursin
and OIff, 1993;).

One of the most used stress indicators is the concentration of cor-
ticosteroids and catecholamines in plasma. Disadvantages of sampling
plasma are well known. It is an invasive method and animals have to be
restrained, which in turn may affect hormone concentration (Alam and
Dobson, 1986; Mostl and Palme, 2002). Nevertheless, non-invasive
methods are available to detect corticosteroid metabolites in saliva,

milk, feces or hair (Mdstl and Palme, 2002; Palme, 2012; Palme et al.,
1996). However, limitations of these methods have been discussed
thoroughly (Mormede et al., 2007; Negrao et al., 2004; Sheriff et al.,
2011). The concentration of corticosteroids alone does not reflect the
full picture because it is increased not only during punishing but also
during rewarding situations such as mating or hunting (Mormede et al.,
2007; Sapolsky et al., 2000). To overcome this problem, additional
indicators can be used to assess the response to a potential stressor,
including heart rate variability (such as regulation of sympatho-vagal
tone), maximum eye temperature and especially behavioral changes.

However, regulation of the sympatho-vagal tone seems to be con-
text specific and interpretations should thus include other stress-in-
dicating variables (Patt et al., 2016).

Eye temperature as stress indicator has been investigated in several
species (humans: Pavlidis et al., 2000, 2002; horses: Bartolomé et al.,
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2013; Cook et al., 2001; McGreevy et al., 2012; cows: Schwartzkopf-
Genswein et al., 2012; Stewart et al., 2005, 2007, 2008a,b, 2009,
2010). The exact neuroendocrine pattern, however, has not been un-
derstood fully.

Artificially injecting exogenous adrenocorticotropic hormone had
no immediate effect on maximum eye temperature in calves (Stewart
et al., 2007). Therefore, it is thus assumed that in cattle, changes in
maximum eye temperature are not due to activation of the HPA axis
alone, but that other factors are involved such as a sympathetically
mediated response of the ANS (Stewart et al., 2007, 2008b) or emo-
tionally relevant stimuli (Mason, 1971; Stewart et al., 2005, 2007,
2008a,b). The limitations of the non-invasive stress indicators highlight
the need for additional indicators to allow a more feasible stress as-
sessment.

Percentage of visible eye white as an indicator of emotional state
was shown to cover the entire spectrum of the contentedness axis from
frustration to satisfaction (Sandem et al., 2002), with the visible eye
white area increasing when cows are exposed to frustration or show
startle reactions and decreasing when cows are satisfied and content.
Application of the anxiolytic substance diazepam reduced the percen-
tage of visible eye white in frustrated cows (Sandem et al., 2006).

Furthermore, exit speed was positively correlated with cortisol
concentration (Curley et al., 2006), and percentage of visible eye white
was positively correlated with exit speed (Core et al., 2009).

The proportion of visible eye white is controlled by the sympathe-
tically controlled Musculus tarsalis that lifts the eyelid (Patel et al.,
2008; Proctor and Carder, 2015; Sandem et al., 2006). Accordingly,
Reefmann et al. (2009) found a positive correlation between heart rate
and relative eye aperture and a negative correlation between heart rate
variability and eye aperture. A reduction of visible eye white thus is
assumed to be triggered by a sympathetic deactivation or a para-
sympathetic activation. Visible eye white might thus allow a reliable
assessment of stress responses in cattle.

In modern dairy farming, cows are regularly exposed to potentially
acute stressful situations such as regrouping or restraint for artificial
insemination, medical treatments and claw trimming. Cows that were
squeezed in a cattle crush had higher plasma cortisol levels 1 h after
squeezing compared with their baseline values (Szenci et al., 2011;
Thun et al., 1998). Furthermore, claw trimming led to higher fecal
cortisol concentration in comparison with baseline concentrations be-
fore claw trimming (Pesenhofer et al., 2006). Accordingly, treatment
with an analgesic and sedative drug led to lower cortisol concentra-
tions, but also to lower heart and respiratory rates during claw trim-
ming (Rizk et al., 2009, 2012).

The aim of this study was to validate visible eye white and max-
imum eye temperature as non-invasive stress indicators. For this aim,
we assessed visible eye white and maximum eye temperature in addi-
tion to heart beat parameters and saliva cortisol concentration in dairy
cows during claw trimming and in a control situation (undisturbed
feeding).

2. Materials and methods
2.1. Animal husbandry and management

The study was conducted in March 2015 at the Research Station
Agroscope Taenikon, Switzerland. The dairy herd consisted of 52 lac-
tating dairy cows (Brown Swiss and Red Holstein) kept in a cubicle barn
with permanent access to an outdoor run. The cows were fed a total
mixed ration 7 times daily at a self-locking feed rack. They were locked
routinely in the feed rack for approximately 1 h after feed delivery.

On three consecutive days, 10 cows each were selected resulting in a
sample of 30 cows (18 Brown Swiss and 12 Red Holstein, parity number
3.38 = 1.89,150.93 + 66.48 days in milk).
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2.2. Experimental procedure

All experiments conformed to the Swiss Animal Welfare Legislation
and were ethically approved by the cantonal veterinary office (TG 05/
2014).

In a cross-over design, we exposed the cows to a claw trimming and
to a control situation (undisturbed feeding). In both situations, we took
pictures of the cows’ eyes, collected saliva samples and recorded heart
rate (HR) and heart rate variability (HRV). Measurements were done
only during morning hours.

2.2.1. Control treatment

Data collection started at around 7:30 to 8:00 a.m. when the focal
cows were self-locked in the feed rack. When the focal cow was feeding
calmly, three pictures each were taken at to, and approximately 5 min
(ts), and 10 min (t;0) later. Saliva was collected approximately 20 min
(tao) after to. The cows were considered one after the other in a random
order.

2.2.2. Claw trimming treatment

Claw trimming was done by two experienced claw trimmers. The
cows were guided individually to the cattle crush that was located
adjacent to the outdoor run, not visible to the herd. When the cow had
entered the crush with all four legs, a girth was attached around her
chest, and one hind leg and the opposite front leg were lifted and re-
strained (Fig. 1). After finishing trimming of the first two claws, these
legs were released and the other two legs were lifted. At the end of
trimming, all legs were released, the chest girth was opened, and the
cow left the crush and returned to the home pen.

As soon as a cow had entered the crush, data collection started with
to = cow in crush with all four legs; ts = approximately 5 min after
legs were lifted, t;o = 10 to 15 min after entering crush (claw trimming
was finished and all four claws touched the ground again). The cows
were released immediately thereafter and returned freely to the home
pen for feeding. Saliva was collected in the home pen, approximately
20-30 min after the beginning of claw trimming (= 5-10 min after
releasing from the crush (t0)).

2.2.3. Picture capturing

Pictures were taken from the left side of the cow, in approximately
1 m distance, with an angle of view of 90° (for details see: Figs. X, Y,
Suppl. material), using a fixed focal length (as suggested by Schaefer
et al.,, 2012). Each time (to, ts, tio) three pictures were captured and
only clear pictures with an angle of view of 90° were used further.

Fig. 1. Walk-in cattle crush used in the study.
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2.2.4. Visible eye white measurements

We used a digital single lens reflex camera (Nikon" D7000 with the
Nikon® AF-S DX NIKKOR 35 mm F/1.8 G; Zoom; Nikon, Tokyo, Japan).
The images were analyzed using the software ImageJ 1.48 v (Rasband,
W.S. [2009] ImageJ, U. S. National Institutes of Health, Bethesda,
Maryland, USA), which has been used before to analyze morphometrics
(Abramoff et al., 2004; Doube et al., 2010; Schneider et al., 2012).

The percentage of visible eye white (PW) was calculated as de-
scribed by Sandem et al. (2002) (Fig. 2).

The person (RB) who was analyzing the pictures was blinded for
treatments. To check for intra-observer agreement, she measured all
pictures 3 times in different order. Additionally, to test for inter-ob-
server agreement, RB and an additional person measured the axes of the
total eye and the iris areas from a selected sample of pictures (n = 80).

2.2.5. Maximum eye temperature measurements

For maximum eye temperature measurements, we used a FLIR®
T620 b2.2 thermal imaging camera with a 25° lens and 640 x 480
Resolution per 30 Hz (FLIR Systems, Wilsonville, Oregon, USA), cali-
brated to ambient temperature and humidity with an accuracy
of + 2°C and thermal sensitivity of < 0.04 °C. The maximum eye
temperature was measured within an oval area covering the entire eye
and approximately 1 cm around the eyelids as described by Stewart
et al. (2005). We conducted the same procedure as for visible eye white
picture capturing by taking three pictures per time point. Because the
measurement of eye temperature depends on the distance to the eye, air
temperature, wind speed, sunlight and camera setting for humidity and
emissivity (Church et al., 2014; Knizkova et al., 2002; Webster et al.,
2008), these variables were recorded throughout the experiment and
considered for image analysis. Because data collection took place in a
sheltered location during morning hours, there was no direct sunlight
towards the FLIR" sensor or towards the cows.

For further analysis, the FLIR” Tool + software add-in for Microsoft”
Office Word (FLIR® Systems, Wilsonville, Oregon, USA) was used with
the measuring person blinded for treatment.

2.2.6. Heart beat measurements

To reduce handling of the cows on the experimental days we fitted
the measuring device (thorax belt and an additional elastic girth) on the
preceding evening. Application of electrode gel, attaching and acti-
vating of the Polar” devices (Polar Electro Oy, Kempele, Finland) took
place immediately after the morning milking (finished at 6:00 a.m.).
Data collection started when the cows were locked in the feed rack at
about 7:30 a.m. All devices were removed after the last saliva collec-
tion.

Only intervals of the same length and within + 2 min before and
after picture taking were considered for analysis. The high friction
between thorax belt and restraining girth in the crush caused artifacts,
limiting the duration of time windows with acceptable error rates.
Therefore, we chose time windows of 1 min with <5% average error
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Fig. 2. Semi-major (a/2) and semi-minor (b/) axes
measured for total eye (T) and iris (I) area calcula-
tions using ellipse equations.

rates in the beat-to-beat measurements and corrected errors using the
software Polar” ProTrainer Equine Edition, Polar 32 (Polar Electro Oy,
Kempele, Finland). In addition to heart rate (beats per minute), we used
the square root of the mean squared differences of successive normal-to-
normal R-R intervals (RMSSD) as a short-term HRV measure (Hirsch
et al., 1995; Kleiger et al., 1992; former cited in Mohr et al., 2002). The
ratio of the standard deviation of the normal-to-normal R-R intervals
(SDNN) to RMSSD served as a measure of sympatho-vagal balance
(Balocchi et al., 2006; Sollers et al., 2007; both cited in Wang and
Huang, 2012), with SDNN as the long-term HRV measure (Hirsch et al.,
1995; Kleiger et al., 1992; former cited in Mohr et al., 2002). Analysis of
the heart beat parameters was done in a random order across situations,
experimental days and cows.

2.2.7. Saliva cortisol measurements

Saliva was collected with a synthetic swap commonly used for
cortisol determinations (Salivette” Cortisol, Art. No. 51.1534.500;
Sarstedt AG & Co., Niimbrecht, Germany). Sampling took place during
restraint in the feed rack before and after claw trimming and in the
control situation. The swap was manually maintained in the cow’s
mouth under the tongue in the region of the diastema (=i.e., the gap
between incisors and premolars of the mandibular arcade) for ap-
proximately 30 s until the swap was fully soaked with saliva. The swap
was then replaced into the Salivette’, and saliva samples were stored
immediately at —20 °C until further processing. Saliva was then thawed
and collected from the Salivettes’ by centrifugation for 2min at
1000 x g and stored again at —20 °C until analysis of the cortisol
concentration. Prior to analysis, saliva samples were thawed, cen-
trifuged at 2000 x g for 10 min, and the mucin-free supernatant was
utilized for saliva cortisol determination by enzyme-linked im-
munosorbent assays using a commercial kit according to the manu-
facturer’s instructions (Cortisol free in Saliva ELISA, Art. No. DES6611;
Demeditec Diagnostics GmbH, Kiel, Germany). The intra- and inter-
assay coefficients of variance were 8 and 13%, respectively. The de-
tection limit specified by the manufacturer was 0.024 ng/ml. The
analyzing person (AKH) was blinded for treatment. Saliva sampling was
not possible in one cow, leading to a sample size of 29.

2.3. Statistical analysis

The analysis was done using RStudio (1.0.136) and R.3.2.2 (R
Development Core Team, 2017) with functions of the package
“ImerTest” (Kuznetsova et al., 2016). Regarding eye white, intra- and
inter-observer agreements were analyzed using the package “Agree-
ment” in R (Yu and Lin, 2012). The error structure was set as constant
and the target as random, with concordance correlation coefficient,
precision and accuracy as outcomes.

We applied linear mixed-effects models with percentage of eye
white, maximum eye temperature, heart rate, RMSSD, and RMSSD/
SDNN as outcome variables. Treatment (factor with two levels: control,
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claw trimming), time (factor with three levels: tq, ts and t;o), breed
(factor with two levels: Brown Swiss, Red Holstein) and all possible
interactions were included as fixed effects in all models.

Time nested in situation, nested in cow identity was included as
random effect to consider repeated measures. For visible eye white and
maximum eye temperature, this random effect was crossed with picture
identity. An additional crossed random effect of measurement order
(factor with three levels: 1, 2, 3) was included for visible eye white. For
maximum eye temperature analysis, ambient temperature, wind speed
and humidity were considered as covariates. Time nested in situation
nested in cow identity was added as random effect for heart beat ana-
lysis.

The final model was always selected using a stepwise backwards
elimination procedure of non-significant (a > 0.05) interaction ef-
fects. Treatment, time and breed remained as main effects in the final
model. Based on residual analysis, log transformation was required for
heart beat parameters (heart rate, RMSSD and RMSSD/SDNN) and for
maximum eye temperature.

3. Results
3.1. Visible eye white measurements

The inter-observer concordance correlation coefficient for all dis-
tances measured (see Fig. Y, Suppl. material) was > 0.95 with high
precision (> 0.96) and high accuracy (> 0.98). The concordance cor-
relation coefficient, precisions and accuracies for the intra-observer
agreement were also high (> 0.88, > 0.99 and > 0.96, respectively).
Thus, intra- and inter-observer agreements were sufficient to provide
reliable results. Furthermore, inter-individual variance was very large
ranging from 19.5 to 62.3% and 11.3 to 59.5% for the claw trimming
and control situation, respectively.

Brown Swiss cows showed a higher percentage of visible eye white
than Red Holstein cows (Fig. 3; Fy 27074 = 4.61, P = 0.04). Neither a
treatment nor a time effect on the percentage of visible eye white was
statistically detectable (treatment: F; 39457 = 1.66, P = 0.21; time:
F2.94.030 = 0.73, P = 0.49). The mean ( + standard error) percentage
of visible eye white was 37.9% ( + 1.10) for the control situation and
40.7% ( = 1.20) for claw trimming (Fig. 3).

60

[42]
o
1

S
o
1
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3.2. Maximum eye temperature

The maximum eye temperature was lowest (35.5 + 0.07 °C) at the
beginning (to) and highest (36.0 + 0.07 °C) at the end (t;() in the claw
trimming situation. In the feeding situation the maximum eye tem-
perature was lowest (35.5 *= 0.09 °C) at the beginning (ty), highest
(35.8 = 0.08 °C) during (ts) and intermediate (35.7 = 0.12 °C) at the
end (tip; treatment X time: Fyj0g501 = 2.95, P = 0.06; Fig. 4). In
Brown Swiss cows, the maximum eye temperature was increased at tg
(35.8 = 0.06°C) and t;p (35.7 = 0.09°C) compared with tg
(35.4 = 0.08 °C). In Red Holstein cows, the maximum eye temperature
was increased at t;o (36.0 + 0.10°C) compared with t,
(35.6 = 0.08°C) and ts (35.6 = 0.09 °C; time X breed:
F2,110.080 = 3.21, P = 0.045; Flg 4).

The mean ( + standard error) ambient temperature, wind speed
and humidity were 5.56 * 0.17 °C, 0.53 * 0.02m/s, and
76.65 + 0.58%, respectively. None of these covariates significantly
affected maximum eye temperature (ambient temperature:
Fl,95.466 = 0.15, P = 0.70; wind Speed: F1,136,158 =1.93, P = 0.18;
humidity: F; 1145 = 0.89, P = 0.35).

3.3. Heart rate and heart rate variability

The heart rate (beats per minute, bpm) was increased in the claw
trimming (83.14 = 2.18 bpm) compared with the control situation
(64.19 += 0.95 bpm; Fq,1673 = 16.85, P = 0.001; Fig. 5). Additionally,
there was a slight decrease in the heart rate from ty to tio
(F2,21.94 = 2.80, P = 0.08). Breed did not significantly affect the heart
rate (Fy 1950 = 0.17, P = 0.68).

The RMSSD was reduced during claw trimming (8.91 + 1.18 ms)
compared with the control situation (18.57 * 2.93 ms; F; 795 = 8.77,
P = 0.02; Fig. 6). Independent of treatment, RMSSD values were low at
tr(10.33 = 1.43ms)and t5 (13.95 + 2.66 ms) and increased towards
the end of the situation (t;o; 18.96 * 5.24 ms; time: Fp 23500 = 2.72,
P = 0.09). No breed effect was detectable (breed: F; 19500 = 0.25,
P = 0.63).

The ratio RMSSD/SDNN was lower during claw trimming
(0.41 = 0.03) compared with the control situation (0.60 = 0.04;
F1,24.727 = 6.90, P = 0.02; Fig. 7). Neither a time nor a breed effect was
detectable (time: F2’71'229 = 051, P= 060; breed: F1,23.221 = 002,

Fig. 3. Effect of treatment situation (claw trimming vs. feeding si-
tuation) and timeframe (before treatment [0 = t,], during treatment
[5 = ts] and after treatment [10 = t;0]) on percentage of visible eye
° white.
Solid lines = model estimate, dashed lines = 95% upper and lower
confidence intervals of model estimate.
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Fig. 4. Effect of treatment situation (claw trimming vs. feeding si-
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P = 0.89). SDNN ratio were decreased during claw trimming. These results are in

3.4. Saliva cortisol concentration

Claw trimming led to a clear increase in saliva cortisol concentra-
tion (1.94 * 0.15 ng/ml) compared with the control situation
(0.35 *= 0.05ng/ml), irrespective of breed (treatment: F; 54 = 99.88,
P < 0.0001; breed: F1,54 = 0.73, P = 0.40; Fig. 8).

4. Discussion

Although not very high on an absolute scale, heart rate was in-
creased during claw trimming. In addition, RMSSD and the RMSSD/

agreement with earlier findings showing that a decrease in the values of
the sympatho-vagal balance (RMSSD/SDNN) indicates a shift towards
sympathetic activity due to a decrease of the RMSSD (Mohr et al., 2002;
Porges, 1995a,b). Similar patterns were found in previous studies in
cows (Gygax et al., 2008; Rushen et al., 2001; Wenzel et al., 2003).

According to the literature, cortisol concentration in saliva peaks at
approximately 20 min after exposure to a stressor (Negrao et al., 2004).
Our results correspond well with these earlier findings, with saliva
cortisol concentration being increased 20 min after claw trimming. Si-
milar claw trimming effects were also shown by Thun et al. (1998) and
Szenci et al. (2011), with an increase of plasma cortisol levels in cows
after treatment in a cattle crush.

Fig. 5. Effect of treatment situation (claw trimming vs. feeding si-

110 - ' tuation) and timeframe (before treatment [0 = t,], during treatment
' i : [5 = ts] and after treatment [10 = t;0]) on heart rate (beats per
i : H minute).
E E Solid line = model estimate, dashed lines = 95% upper and lower
100 - E E confidence intervals of model estimate.
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50 — Fig. 6. Effect of treatment situation (claw trimming vs. feeding si-
! tuation) and timeframe (before treatment [0 = t,], during treatment
E [5 = ts] and after treatment [10 = t;0]) on RMSSD (ms).
l Solid line = model estimate, dashed lines = 95% upper and lower
i confidence intervals of model estimate.
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However, we found no treatment effect for percentage of visible eye
white. This finding contradicts previous studies. In food-deprived cows
that experienced frustration through visual denial of food, the percen-
tage of visible eye white was found to increase up to 60% within four
minutes after food denial and did not reach baseline values (25% of
visible eye white) six minutes thereafter (Sandem et al., 2002). In an-
other experiment, the percentage of visible eye white increased up to
45% within one minute when cows were exposed to food denial
(Sandem et al., 2006). Furthermore, the highest (30%) and the lowest
(15%) percentages of visible eye white were detected four minutes after
separation and reunion between cow and calf, respectively (Sandem
and Braastad, 2005).

In our study, we used restraint in a cattle crush and claw trimming
as stressful situation. This procedure may be perceived differently by

the animals than food deprivation or cow-calf separation. All cows in
our experiment were used to being restrained in the crush and to the
claw trimming itself on a half-yearly basis. Nevertheless, heart beat
parameters as well as cortisol concentrations revealed a stress reaction
due to the procedure. Although the percentage of visible eye white in
the cattle crush treatment was high (41%), eye white during feeding
(considered as relaxed situation) was also higher (38%) than the
baseline values found in previous studies (16-18% in Proctor and
Carder, 2015; 25% in Sandem et al., 2002, 2004). During feeding at the
feed rack, as used in our study, cows might express some arousal due to
restraint and food competition.

The maximum eye temperature was only slightly affected by the
claw trimming procedure. This result is in contrast to the clear evidence
of stress-induced changes in maximum eye temperature found in

Fig. 7. Effect of treatment situation (claw trimming vs. feeding situation)

1.2 ! and timeframe (before treatment [0 = t,], during treatment [5 = ts] and
E ' after treatment [10 = tjo]) on sympatho-vagal balance (ratio RMSSD/
: i SDNN).
1 ! H Solid line = model estimate, dashed lines = 95% upper and lower con-
1.0 1 ' ' i o ) . .
H ' ! fidence intervals of model estimate.
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Fig. 8. Effect of treatment situation (claw trimming vs. feeding situation)
on cortisol concentration (ng/ml) found in saliva samples.

Solid line = model estimate, dashed lines = 95% upper and lower con-
fidence intervals of model estimate.
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previous studies with exposure to pain, fear or other stressors (elk and
reindeer: Cook et al., 2005; calves: Schaefer et al., 2003; cows: Castro,
2014; Stewart et al., 2007). Stewart et al. (2008a, b) found a sudden
drop after hitting and startling within 1 min or disbudding within
2 min, respectively, with an increase thereafter. Although not reflected
in a low p-value, stress induced changes in maximum eye temperature,
as found in our study, were similar to stress-induced changes in max-
imum eye temperature in studies by Stewart and co-workers
(0.23-0.66 °C; Stewart et al., 2008a,b, 2009).

In our study, both the duration of the stimulus itself and the latency
between stimulus onset and picture capturing (it was not possible to
take pictures while the stockmen were handling the animals) were
considerably longer. We might have missed sudden changes in visible
eye white or eye temperature immediately after the beginning of
trimming. Nevertheless, we found an increase in the maximum eye
temperature several minutes after the onset of claw trimming while the
cows were still restrained.

We found breed-specific changes in the percentage of visible eye
white and maximum eye temperature. Eyes of Brown Swiss cows have a
darker sclera and thus less contrast between the white and the iris area
than Holstein cows (see Fig. Z in Suppl. material). This phenotype
might have masked a potential treatment effect. Furthermore, the
breed-specific difference found here might reflect genetic differences in
temperament of cattle breeds (Gutiérrez-Gil et al., 2008; Murphey et al.,
1981; reviewed in Haskell et al., 2014). In dairy cows, physiological
and behavioral responses to milking under stress, such as novel sur-
rounding, varied depending on the temperament score (Sutherland
et al.,, 2012; Van Reenen et al., 2002). In a previous study, Holstein
dairy cattle were more sound- and touch-sensitive than beef cattle and
this sensitivity was positively correlated with temperament score
(Lanier et al., 2000). And dairy cows had less flight distance than beef
cattle (Murphey et al., 1981). However, these studies compared dairy
cows with beef cattle and not between different breeds of dairy cows (in
our case: Holstein versus Brown Swiss).

5. Conclusions

Despite the clear support that claw trimming triggered a physiolo-
gical stress response, the percentage of visible eye white was not found
to reflect this stress response in a reliable way.

In addition, we detected only weak changes in the maximum eye

temperature. Follow-up studies with shorter intervals between stimulus
onset and picture capturing under different treatment situations might
help to conclusively assess the suitability of these measures as non-in-
vasive stress indicators.
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