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The objective of the present study was to reveal the effects of grazing on the temperament
traits of cows. Nine Japanese Black cows [344 + 32 kg body weight (BW), 7.7 &+ 3.0
year of age], which had various experiences, such as tethering, handling, and grazing,
were used in this experiment. Five of the nine cows were grazed for 3 months on a
1.8-ha field composed of a sown pasture with forestland. The remaining cows were fed
in confinement. On days 38, 52, 72, and 86 after the start of grazing, the temperament
traits observed in various situations, such as moving to the body weight scale, weighing,
handling, moving to the stock for blood sampling, holding in the stock, and obtaining a
blood sample, were assessed with a visual analog scale (VAS: 1-10) or score (1-5).
During weighing and handling, the intensity of resistance exhibited by the grazing
cows, as evaluated by head movement, walking/stepping, tail flicking, rope tension,
and overall movement, was lower than that exhibited by confined cows (P < 0.05). The
resistance score exhibited by the grazing cows during blood sampling was also lower
than that exhibited by confined cows (P < 0.01). These results suggest that grazing
enhances docility in cows with various experiences in different situations encountered in
daily management.

Keywords: confinement, docility, grazing, temperament trait, visual analog scale

INTRODUCTION

In cattle, temperament is described as an animal’s response to handling or forced movement by
humans (1). Farmers use the term “temperament” to describe cattle behavior during handling.
Temperament is one of the most important parameters in livestock production. It contributes to
animal productivity and meat quality (2), animal welfare (3, 4), immunity (5, 6), and even the
safety of those handling the animals (7). For example, cattle with excitable temperaments have lower
average daily gain and higher mortality rates than those with calm temperaments (8, 9), suggesting
that the temperament of cattle is a critical parameter for farmers because of the monetary impact.
Handling and rearing can affect cattle temperament. Cattle that are frequently handled tend to
become more docile than those that are less handled (10); however, excessive handling could be
detrimental in animal management with regard to human safety since these individuals develop
no flight zone. In contrast, extensively managed beef cattle are relatively unfamiliar with humans
(11). Less frequent human-animal interactions make cattle fearful, which can cause them to
behave aggressively during handling (10). Social interactions between animals also affect their
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temperament (12). The presence of peers reduces the stress
responses to fear-inducing situations in cattle (13). When peers
are in sight, heifers display less behavior indicative of distress
in response to a novel object (14). Cows engage in many
more active social interactions with other individuals when they
are grazed than when they are confined with tethering (15);
thus, grazing could have a positive impact on temperament via
social interactions.

Physical condition also relates to temperament. Calm and
excitable cattle have different cortisol concentrations (16). Grazed
cows have lower cortisol concentrations than confined cows
(17). The change in stress susceptibility could change the
behavior of cattle during handling and restraint. However, a
report showed that calves kept indoors were calmer than calves
kept outdoors (18), implying that grazing may adversely affect
temperament. This inconsistency in the relationship between
grazing and temperament traits may be attributable to the
frequency of contact between humans and cattle (10). In addition,
cattle’s previous experiences can shape their future reactions to
humans (10). For example, a negative experience such as poor
handling and holding in a yard environment by the handler
increases cattle reactivity (19), whereas a positive experience
such as gentle handling by the handler reduces animal reactivity
in future handling (20). Generally, the system used to rear
Japanese Black beef cows requires frequent contact with humans
during daily management practices. Japanese Black beef cows
gain experience with handling, tethering and other types of
interactions during the rearing process. Thus, the effects of

grazing on the temperament of calves may not be the same
as the effects of grazing on the temperament of adult dairy
cows and beef cows that come into contact with humans on
a daily basis. The visual analog scale (VAS) is a quantitative
assessment with high intra- and inter-observer reliability. It is
considered a reliable and practical assessment method for cattle
temperament evaluation, although it is not generally superior to
other methods (21).

The aim of this study was to reveal, mainly using
the VAS, whether grazing affects the temperament of
beef cows situations encountered in daily
management practices, such as weighing, handling, and
blood sampling.

in various

MATERIALS AND METHODS

Animals, Housing, Grazing, and Diets

This study was conducted at the Minokamo livestock farm, Gifu
Field Science Center, Gifu University (longitude 137°03'57"E;
latitude 35°26'44”N), from June to August 2018. Nine Japanese
Black cows (344 + 32kg body weight (BW), 7.7 £ 3.0 year,
not lactating and not pregnant) with no clinical signs of disease
and no external injury at the start of the experiment were
used. All cows were housed in an 8 m x 7.3 m indoor pen and
tethered to tie stalls in a closed barn for the first 2 weeks of the
experiment. Each cow was tethered with a rope but was able
to engage in social interactions with neighboring individuals.
The pen had a concrete floor covered with sawdust bedding.
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The cows were fed ~5 kg/day Sudan grass hay, 1 kg/day wheat
bran and 50 g/day calcium phosphate on an as-fed basis at 08:00
and 16:00 h according to the Japanese Feeding Standard for beef
cattle (22). The cows had free access to water and mineral salt
blocks. Then, five of the nine cows were rotated as a group
between grazing on a 1.8-ha pasture composed of sown pasture,
which was dominated by Italian rye grass [Lolium multiflorum
(Lam.)], and a forestland for 3 months (grazed cow: GC). The
dry matter (DM) content and grass height of the herbage in
the sown grassland were 22.4% and 62.9 cm, respectively. The
grazing area was divided into four paddocks, and the cows
were rotated among the paddocks based on the availability of
forage. The grazing cows remained outside all day and consumed
only the herbage in the pasture, with access to a mineral salt
block and water. The remaining cows were maintained under
the confined conditions described above (confined cow: CC)
for 3 months. The cows were allocated to the conditions so
that average weight and age were matched as closely as possible
between groups. In addition, all cows were old enough to have
considerable experience with tethering, handling by humans and
grazing in farm management. The frequency of daily monitoring
was the same for the GCs and CCs, although the CCs also
came into contact with farm staff when they were fed and
when their pen was cleaned. The mean ambient temperature
and humidity were 27.2 £ 5.1°C and 69.7 £ 19% during the
experiment, respectively.

Temperament Trait Analysis

The average BW and age of GCs were 351 + 30kg and 10.0
£ 2.1 year, respectively, whereas those of CCs were 336 =+
37kg and 9.8 & 4.2 year, respectively. The age of all cows was
over 6 year. The temperament traits of the cows were observed
on days 0, 38, 52, 72, and 86 after the start of grazing. The
recording of the temperament traits started at 08:00h before
feeding. The observational procedure was as follows: First, a
handler moved each cow from a waiting place to a body weight
scale using a handling rope (Figure 1A). The distance from
the waiting place to the body weight scale was ~15m. The
intensity of cow resistance during this movement was recorded
and analyzed using the scoring system described below (Table 2).
Then, the cows were weighed on the scale, and the intensity
of cow resistance with regard to each individual behavior was
recorded for 2 min [visual analog scale (VAS): 21] (Figure 1B).
After weighing, the cow was held in one place by the handler
for 2min (Figure 1C). The distance from the body weight scale
to the location for holding by the handler was ~2m. The
length of the rope from the cow to the handler was kept at
~1m. The intensity of the cow’s resistance with regard to each
behavior while standing was recorded and analyzed with the VAS.
Subsequently, the handler moved the cow into a stock to enable
a blood sample to be drawn (Figure 1D). The distance from the
location for holding by the handler to the stock used for blood
sampling was ~30 m. The intensity of the cow’s resistance while

TABLE 1 | Definition of temperament traits and visual analog scale (VAS).

Endpoints of VAS

Definition

Temperament trait Min (0) Max (10)

Head movement No movement Head permanently

moving/violent struggling

Tail flicking No flicking Constant flicking
Walking/stepping No walking/stepping Continuous walking/stepping
Rope tension® Loose Tightened

Overall movement calmness Wild/Aggressive

The head is displaced horizontally and/or vertically in
relation to the median plane (23)

Tail movement to the left or right of the center and back
again, i.e., a tail movement from the left to the right side
would count as two flicks (24)

Two or more limbs are alternately raised and make contact
with the ground again, with or without ground covered
between movements

Evaluates whether the rope used to tie the cattle forms a
curve (relaxed) or a straight line (tensed) (25)

aThe tethering test only.

TABLE 2 | Definition of temperament trait score.

Timing

Temperament trait score

4 5

During moving to body No resistance  Almost no resistance

weight measurement scale

During moving to stock for
blood sampling

During blood sampling No resistance ~ Slight resistance

A handler approaches and A handler pushes the individual
chases the individual from
behind the cow

Moderate resistance

A handler pushes the individual
hard from behind the cow “and”
pulls a handling rope strongly
from the front of the cow

hard from behind the cow “or”
pulls a handling rope strongly
from the front of the cow

Considerable resistance Extreme resistance
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TABLE 3 | Correlation (r) of visual analog scale (VAS) between two observers.

Temperament trait Correlation (r)

Weighing Tethering Holding for blood sampling
Overall movement 0.86 0.79 0.74
Head movement 0.89 0.76 0.64
Tail flicking 0.75 0.72 0.53
Walking/stepping 0.88 0.89 0.71
Rope tension? - 0.83 -

aThe tethering test only.

moving to the stock was recorded and analyzed using the scoring
system (Table 2). In the stock, the cow’s behaviors were recorded
for the first 2 min and analyzed with the VAS (Figure 1E). Finally,
the intensity of the cow’s resistance during blood sampling was
recorded and analyzed using the scoring system (Table 2). The
collected blood samples were used for further analysis (section
Statistical analysis). During the behavioral test, the times of the
behavioral test and waiting time per cow were ~30 min and an
hour and a half, respectively, per behavioral test.

The behaviors of all cows were recorded using two video
cameras (GZ-MG575, Victor Co., Ltd., Yokohama, Japan) and
were analyzed using a VAS (21) or scoring system (Figure 1).
The VAS is a continuous horizontal scale. This assessment is
used to measure the intensity of a behavior on a ten-centimeter
scale in analog format (Table 1). The behaviors assessed with
the VAS were overall movement, head movement, tail flicking,
walking/stepping, and tension of the handling rope, as shown
in Table 1. The inter- and intra-observer reliability of the VAS
was confirmed by Vogt et al. (21). The intensity of resistance
during the handling procedure was recorded using a scoring
system (Table 2). This scoring system classified the degree of
resistance into five stages from “no resistance [1]” to “intense
resistance [5].” Scoring was conducted using a video clip to
minimize scoring differences between observers. All video clips
were analyzed by two observers. Observers were blinded as
to which individual was in grazing or confinement when the
behaviors of cows were analyzed by the VAS. The correlation
between observers with regard to the VAS scores is also shown
in Table 3.

Blood Analysis

Blood samples were collected from the jugular vein using a
vacuum collection tube containing heparin (Venoject II vacuum
blood collection tube, TERUMO Co., Ltd., Tokyo, Japan). Blood
samples were centrifuged at 1,000 x g at4°C for 10 min to collect
the blood plasma. The plasma samples were stored at —80°C until
cortisol analysis. The concentration of cortisol was determined
using a commercial kit (Cortisol EIA Kit, Oxford Biomedical
Research, Inc., M1, USA).

Statistical Analysis

We calculated the sample size using G*Power version 3.1.9.2
(two-way ANOVA with repeated measures, o = 0.05, (1-f)
= 0.8, University of Dusseldorf, Dusseldorf, Germany). Power

ety
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FIGURE 2 | Temperament while moving to the body weight scale and during
weighing in GCs and CCs. The horizontal axis shows the temperament before
and after the start of grazing. Data are presented as the means + SEM. WS,
The scoring of resistance during movement to the body weight scale; WO, The
VAS score for overall movement; WH, The visual analog scale (VAS) score for
head movement; WT, The VAS score for tail flicking; WW, The VAS score for
walking/stepping.

analyses of temperament traits and blood parameters showed
that appropriate power (0.8 or above) to detect differences
in 11 of the 17 parameters could be obtained with a total
sample size of nine or fewer animals. Considering the cost
and availability of experimental cows, the sample size was
determined based on the assumption of large effect sizes. The
statistical unit in this experiment was the individual animal
rather than the treatment group. This unit was chosen because
the grazing period lasted 3 months, and it would have been
difficult to create several replicates of the grazing treatment
due to the limited pasture and herd sizes and the long study
period. The adequacy of this approach was described by
Connolly (26).

All data were analyzed statistically using the ImerTest package
(27) in R software (version 3.0.2: R core team, 2013). Normality
tests were conducted using the Shapiro-Wilk test before the
analysis. Then, the data were analyzed using a generalized linear
mixed model (GLMM) with repeated measurements according
to the data distributions. The treatment (GC vs. CC), sampling
day (days 0, 38, 52, 72, and 86) and their interaction were
considered to be fixed effects, and an individual animal was
considered to be a random effect. When the data matched normal
distribution, we estimated degrees of freedom, F- and p-values
using type III ANOVAs with Satterthwaite’s approximation.
While the data matched Poisson and binomial distribution, we
used Type II Wald chisquare tests for calculating degree of
freedom, Chi-square and p-values. Differences were considered
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TABLE 4 | Statistical results of the temperament traits test of cows in each situation.

DF Num DF Den DF F value or P-value
Chi-square value

Situation Item S T TxS S T TxS S T TxS S T TxS S T TxS
During moving to the body During 3 1 3 - - - - - - 17.62 3.82 3.22 <0.05 0.05 0.36
weight scale and during moving to
the weighing body weight
scale
Head - - - 3 1 3 21 7 21 1.5 130.0 1.0 0.26 <0.01 0.42
movement
Tail flicking 3 1 3 - - - - - - 1802.6% 9.22 252.42 <0.01 <0.01 <0.01
Walking/Stepping - - - 3 1 3 21 7 21 2.0 26.7 1.2 0.15 <0.01 0.35
Overall - - - 3 1 3 21 7 21 4.6 84.3 2.4 0.01 <0.01 0.1
movement
During handling Head - - - 3 1 3 21 7 21 0.7 57.5 1.0 0.55 <0.01 0.39
movement
Tail flicking - - - 3 1 3 21 7 21 18.3 6.6 0.8 <0.01 <0.01 <0.01
Walking / - - - 3 1 3 21 7 21 2.0 88.2 0.1 0.14 <0.01 0.96
Stepping
Rope tension - - - 3 1 3 21 7 21 1.8 30.1 0.2 0.17 <0.01 0.89
Overall - - - 3 1 3 21 7 21 4.7 68.8 0.3 0.01 <0.01 0.8
movement
During moving to the During 3 1 3 - - - - - - 31.52 02 25.28 <0.01 0.93 <0.01
stock for blood sampling, moving to
holding in the device, and stock
during blood sampling Head - - - 3 1 3 21 7 21 2.3 8.5 2.4 0.1 0.02 0.1
movement
Tail flicking - - - 3 1 3 21 7 21 4.1 1.9 2.7 0.02 0.22 0.07
Walking / - - - 3 1 3 21 7 21 0.5 1.7 2.0 0.71 0.23 0.14
Stepping
Overall - - - 3 1 3 21 7 21 12.6 3.7 3.6 <0.01 0.09 0.03
movement
During blood 3 1 3 - - - - - - 3.62 9.28 18.52 0.31 <0.01 <0.01
sampling

DF, Degrees of freedom; Num DF, Numerator degrees of freedom; Den DF, Denominator degrees of freedom; T, Treatment: a significant difference between treatments (GC vs. CC); S, sampling day: a significant difference between
sampling days (0, 38, 52, 72, and 86); T x S = treatment x sampling day interaction: a significant difference in the interaction of treatment x sampling day. @Chi-square value. Differences were considered significant at P < 0.05. A
tendency toward significance was indicated by 0.05 < P < 0.1.
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significant at P < 0.05. Trends were identified at 0.05 <
P <0.1.

RESULTS

Temperament Trait Analysis

The score while moving to the body weight scale (Figure 1A)
was lower in GCs than in CCs after the start of grazing
(P = 0.05: Figure 2; Supplementary Figure 1; Table 4). During
weighing (Figure 1B), the VAS scores indicating resistance as
expressed by overall movement, head movement, tail flicking,
and walking/stepping were significantly lower in GCs than in
CCs after the start of grazing (all behaviors: treatment: P < 0.01;
Figure 2, Supplementary Figure 1, Table 4). During handling
(Figure 1C), the VAS scores for resistance as expressed by head
movement, tail flicking, walking/stepping, rope tension, and
overall movement were significantly lower in GCs than in CCs
after the start of grazing (all behaviors: treatment: P < 0.01;
Figure 3; Supplementary Figure 2; Table 4). During movement
to the stock for blood sampling (Figure 1D), there were no
significant differences in resistance scores between GCs and
CCs (treatment: P = 0.93). In the stock (Figure 1E), the VAS
scores for overall movement (treatment: P = 0.09) and head
movement (treatment: P = 0.02) were lower in GCs than
in CCs (Figure 4; Supplementary Figure 3; Table 4). During
blood sampling (Figure 1F), the resistance score was significantly
lower in GCs than in CCs (treatment: P < 0.01: Figure 4;
Supplementary Figure 3; Table 4).

Cortisol Analysis

No significant difference was found in the concentration of
cortisol between the treatments, nor was the interaction between
treatment and sampling day significant (treatment: P = 0.41;
interaction: P = 0.85: Figure 5).

DISCUSSION

The GCs were more docile than the CCs in various management
situations, including weighing, handling, and holding for blood
sampling. The GCs were also calmer while moving to the
body weight scale and during blood sampling. These results
suggest that grazing has strong impacts on the temperament
of cows. The social environment is linked to temperament
(12). Grignard et al. (13) reported that the existence of social
partners improves the tractability of calves during handling (23).
Moreover, housing conditions influence animal affective state
and cognitive bias (28). Horses tend to judge optimistically in
ambiguous situations when a positive affective state prevails by
accessing pasture and contacting conspecifics (29). In general,
animals were pessimistic when in a negative affective state,
whereas they were optimistic when in a positive affective state. In
the present study, GCs engaged in more active social interactions
with other individuals than CCs, as we previously reported
(15). Thus, although the presence of social partners during the
temperament test, including handling and restriction, was the
same in both treatments (grazing vs. confinement), the increase
in social interaction between GCs and accessing pasture might
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FIGURE 3 | Temperament during handling in GCs and CCs. The horizontal
axis shows the temperament before and after the start of grazing. Data are
presented as the means 4+ SEM. TO, The VAS score for overall movement;
TH, The visual analog scale (VAS) score for head movement; TT, The VAS
score for tail flicking; TW, The VAS score for walking/stepping; TR, The VAS
score for rope tension.

be one of the factors reinforcing calmness during handling
and restriction.

Stress susceptibility is another factor leading to more
aggressive behavior. Aggressive individuals have high cortisol
concentrations (30). In the present study, the cortisol
concentrations in CCs were in the range of 1.6-3.8ng/ml
whereas that in GCs were in the range of 1.7-2.9 ng/ml after the
start of grazing, and no significant difference was detected in
cortisol concentrations between the GCs and CCs. The cortisol
concentrations of both treatments in the present study were
close to the basal value of previous studies (31, 32). Thus, the
cows in the present study might not be under intense stress.
However, Higashiyama et al. (17) reported that the concentration
of urinary cortisol increased 3.4-fold when grazing cattle were
moved to a confined space, whereas when confined cattle
were moved to a pasture, the concentration of cortisol did not
increase. Urinary cortisol showed a similar pattern to plasma
cortisol with an ~0.5-h time lag (31). The increase in cortisol
concentrations in those previous studies returned to baseline
within hours to days, implying that it is necessary to evaluate
the relative change of its concentration at short intervals. In
addition, our previous study showed that grazing cows had
higher antioxidant capacity than confined cows, implying that
grazing cows are less susceptible to physiological stress (33).
Thus, susceptibility to stress under different feeding conditions
might still impact animal temperament, and further study
is needed.
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FIGURE 5 | The cortisol concentration in GCs (4) and CCs (¢). The horizontal
axis shows the day on which the blood sample for the cortisol analysis was
obtained, and day 0 (0) represents the day the cattle were moved to a pasture.
Data are presented as the means + SEM. T, Treatment: a significant difference
between treatments (GC vs. CC); S, sampling day: a significant difference
between sampling days (0, 38, 52, 72, and 86); T x S = treatment x sampling
day interaction: a significant difference in the interaction of treatment x
sampling day. Differences were considered significant at P < 0.05. A tendency
toward significance was indicated by 0.05 < P < 0.1.

Experiences, including handling and transporting, affect
temperament (34). Boivin et al. (18) reported that grazing caused
a reduction in the expression of calm temperament traits in
calves. The findings of the present study were inconsistent with
the results of Boivin’s study (18). However, the cows in the present
study were adults that had experience with various management
practices, including grazing, and were frequently handled by farm
staff before this study. Moreover, age, breed, and genetics affect
temperament (35). These traits of calves investigated in Boivin’s
study are different from those in the present study. Thus, the
differences between the studies may induce different behavioral
responses to grazing.

CONCLUSIONS

The present study showed that grazing was related to higher
docility of cows in various management situations, such
as weighing, handling, and blood sampling. Grazing may
have contributed to mitigating the reaction to human-cattle
interaction during handling and the reactions of cattle to restraint
and painful operations. This is the first study to suggest a
relationship between grazing and temperament in cows. Further
study is needed to reveal the relationships between temperament
traits and environmental factors such as social connections (29),
stress conditions or ingestion of plants with antioxidants (33)
while grazing.
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