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The present review has two objectives, the first is to investigate the differences 
in temperament between Bos indicus and Bos taurus breeds and determining 
the effects on production due to positive treatment and to compare this with 
negative HAR, by using the Five Domain Model as framework. The second 
objective is to discuss potential strategies to achieve better HAR when working 
with Bos indicus cattle. Bos indicus are more reactive and temperamental than 
Bos taurus cattle. When human animal relationships (HAR) are evaluated, Bos 
indicus cattle may react with greater intensity. They may be  more likely to 
develop a negative emotional state, especially in extensively raised Bos indicus 
cattle that are handled only a few times each year. Bos indicus cattle can have 
positive emotional states when they have frequent positive interactions with 
people. Interactions with people, both positive and negative, would be  in the 
fourth Domain of the Five Domains model. Cattle that are more reactive during 
handling may also have lower weight gain, even when they have abundant feed. 
This would be in the first Domain of Nutrition. When cattle are handled in races 
and corrals, injuries may be more likely to occur. Injuries and bruises would be in 
the third Domain of Health. Injuries could be caused by either poor handling 
practices by people or poor handling facilities. Yelling or electric prod use would 
be examples of poor HAR. Second Environmental Domain issues may be broken 
facilities or slick, slippery floors that are associated with falls.
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1 Introduction

Human-animal relationships (HAR) are implicit in daily routine 
practices on beef and dairy cattle production systems. HAR is known 
as this dynamic interaction that can elicit both positive or negative 
outcomes for animals (1, 2). Depending on the type or HAR, positive 
(e.g., relaxation/attraction/trust) and negative (e.g., fear/distress/
aversion) emotional response or valence can be  observed (3, 4). 
However, regardless of its emotional valence, HAR has a substantial 
effect on the behavior, welfare, health, and animals’ productivity (5). 
The Five Domains Model (FDM) proposed by Mellor et  al. (6) 
emphasizes the HAR as an element that highly influences the mental 
state of animals and is associated with the four physical domains 
(nutrition, physical environment, health, and behavioral 
interactions) (7).

Most of the research regarding HAR in dairy and beef farms has 
been performed in Bos taurus cattle, describing several benefits due 
to a positive interaction (i.e., weight gain, and reduction in carcass 
bruises). Similarly, positive verbal and physical interactions 
between cattle with stockpersons resulted in higher milk yields and 
reduced number of steps and kicks during milking (8). Likewise, 
training in low-stress handling techniques has been shown to 
reduce significantly the incidence of bruises on cattle from 20 to 
1.3% (9).

In contrast to Bos taurus, information on Bos indicus breeds is 
limited, particularly when referring to HAR. This is relevant 
because it is known that Bos indicus are more reactive than Bos 
taurus raised in similar conditions, predisposing them to behavioral 
responses such as escaping attempts, fearfulness, or aggression 
(10–12). Other authors have established that the reactivity and 
more excitable behavior of Bos indicus cattle make handling more 
difficult than Bos taurus animals (13, 14). The gregarious nature of 
Bos indicus breeds makes them susceptible to social stress when 
they are exposed to new environments (e.g., the presence of a new 
handler inside the pens), showing more intense antipredator 
responses than Bos taurus breeds (15, 16). Moreover, the carcass 
quality, average daily weight gain (ADG), body condition scores, 
and endocrine parameters of Bos indicus cattle are also affected by 
animals’ responses to social interaction (e.g., calm, restless, or 
nervous) (14, 16).

This suggests that routine handling techniques performed in Bos 
taurus might not be suited for Bos indicus cattle (17–19). This makes 
a positive HAR relevant for these breeds to improve the welfare of 
cattle and prevent risks to both handlers and animals. Due to the 
reactivity attributed to these breeds, handling of Bos indicus animals 
and exposure to stressors (e.g., novel environments, the presence of 
unfamiliar people, and changes to their social structure) can 
be challenging and make them susceptible to negative HAR when 
stockpeople shout, push, or hit to force them to enter or move through 
the facility.

The present review has two objectives, the first is to investigate the 
differences in temperament between Bos indicus and Bos taurus breeds 
and determining the effects on production due to positive treatment. 
It will also address the importance of a positive HAR in Bos indicus, 
considering the temperament differences and by using the Five 
Domain Model as framework. The second objective is to discuss 
potential strategies to achieve better HAR when working with Bos 
indicus cattle.

2 Differences in temperament 
between Bos indicus and Bos taurus

The temperament of cattle can be  defined as the behavioral 
response to human interactions (20). Cattle can be described as either 
having an excitable temperament or having a calm temperament. An 
animal with an excitable temperament may have a greater fear 
response during handling compared to a calmer animal (16). A fearful 
animal is more likely to react aggressively or unpredictably toward 
stock people (21). This is one cause of a poor HAR with stock people. 
Some cattle with a low fear calm temperament may have a better HAR 
with stock people.

Cooke (16) evaluated and compared Bos indicus, Bos taurus, and 
their crosses to find differences between calm and excitable animals. 
Regardless of the breed, excitable animals had higher cortisol 
concentrations, particularly in crossbred heifers (57.9 ng/mL) when 
compared to Bos taurus heifers (41.8 ng/mL). However, cortisol levels 
in calm (16.7 ng/mL) and excitable Bos indicus steers (19.6 ng/mL) 
were significantly lower than those reported in calm and excitable Bos 
taurus heifers and cows.

Another aspect to consider is whether the stress response depends 
only on temperament or is also influenced by the breed of the animal. 
Fordyce et  al. (22) rated the behavior (movement response when 
handled in a crush and pound) of Brahman cross bullocks and cows 
and Shorthorn cattle to determine the correlation coefficients between 
temperament scores of the animals reared in the same extensive 
conditions. Using a 7-point scale where 1 represented no movement 
and 7 violent struggles with jumping attempts, it was found that 
Brahman cattle had higher temperament scores in Brahman cross 
bullocks and cows when comparing them to (5.54 vs. 4.44 points). 
Similarly, Hearnshaw and Morris (13) compared Bos taurus (Hereford, 
Simmental, and Friesian) with Bos indicus calves (Brahman, Braford, 
and Africander). Using a 0–5 scale (0 = stands very quietly, offers no 
resistance and 5 = unmanageable and dangerous), the authors 
evaluated seven behavioral responses (tail swishing, straining back, 
backward and forward movements, paddling, escape attempts, 
kicking, kneeling, and jumping) to obtain an overall temperament 
score. According to least-square means, Bos indicus breeds were more 
excited, had more abrupt movements (thus, had higher temperament 
scores: 1.96 vs. 1.05 points) and higher heritability temperament 
scores (0.46 ± 0.37 vs. 0.03 ± 0.28). Freitas et al. (23) compared the 
effect of handling in corrals on the stress response of steers and heifers 
from different Bos indicus breeds (Nellore and Guzerá) and Bos taurus 
cattle (Caracu) assessing their entry scores, chute scores, exit score, 
and FS. The component analysis reported that Caracu animals were 
less reactive in comparison to Nellore and Guzerá heifers, according 
to a lower chute score. Nonetheless, the stress response of Caracu 
heifers was higher than the other breeds when restrained and all 
animals perceived restrain as a stressor regardless of the breed. In 
another behavioral study conducted by Piovezan et al. (24), differences 
between Nellore, Guzerat, Gyr, and Caracu cattle (Bos taurus) were 
reported. The flight time test and behavioral score test was used to 
measure temperament during weighing (e.g., movement intensity, 
breathing intensity, vocalization, and kicking). According to the 
components of variance, it was estimated that Caracu cows had the 
highest flight time (2.52 ± 1.21 s) while Gyr, Guzerat and Nellore 
breeds had 1.51 ± 0.97, 1.64 ± 1.18, and 2.14 ± 1.18 s, respectively. 
Regarding the behavioral score, Caracu cows had the lowest score 
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(1.52 ± 0.83), while Bos indicus breeds registered score between 2.48–
2.59. This suggest that Bos taurus cattle might be easier to handle than 
Bos indicus under the same conditions. Moreover, Fordyce et al. (25) 
found that Bos indicus cross steers that had previous negative 
experiences with handlers obtain higher bruise scores (3.53) than 
docile steers (3.03) due to their nervousness. This not only can affect 
the quality of the carcass but also significantly impairs the welfare of 
animals. Therefore, using management practices developed for Bos 
indicus is essential to avoid negative effects on performance and 
welfare (15).

2.1 Comparison of temperament between 
Bos indicus breeds

Differences between breeds of Bos indicus cattle have also been 
reported, showing the importance of considering the species and the 
breed to estimate the social reaction that animals might have towards 
humans. In particular, behavioral responses such as entry and exit 
time in the chute (known as the velocity with which the animals enter 
and exit the chute with pace, trot, or at gallop) as well as chute score 
and kicking score (frequency of kicking) are used to assess the 
response of cattle to handling (26). The assessment of the entry time, 
chute score, kicking score, exit time, and cortisol and glucose 
parameters at a holding crush, showed differences between Nguni and 
Boran cattle (Bos indicus) (27). Overall, Nguni animals had higher 
scores (2.61 min, 3.71, 1.90, and 0.35 min, respectively) and cortisol 
levels in comparison to Boran cattle (1.97 min, 3.24, 1.30, and 
0.49 min, respectively) (27), associating these differences to an 
increased stress response.

When evaluating the exit velocity of Bos indicus breeds such as 
Angus, Braford, Brangus, and Simbrah heifers, no significant 
differences were observed among breeds. Nonetheless, excitable 
Braford heifers had less dry matter intake (DMI) per body weight in 
comparison with the other three breeds (28). Similarly, no differences 
were found between Braford, Red Brangus, Simbrah, and Bos indicus 
crosses when using chute score. In these animals, the highest 
temperament score was recorded in Red Brangus cattle (3.78 ± 0.22), 
while the lowest score was found in Bos indicus crosses with 3.46 ± 0.09 
(29), showing that Bos taurus genetic influence might be playing an 
important role in crossbreds.

In contrast, Voisinet et al. (30) found non-significant differences 
in chute score among Bos indicus breeds (Braford, Red Brangus, and 
Simbrah steers and heifers) during weighing and handling. However, 
gender influenced the behavioral response, finding that heifers 
(2.23 ± 0.10) were more excitable than steers (1.98 ± 0.10). Therefore, 
both the breed and the gender could be considered to improve animal 
handling in Bos indicus breeds.

2.2 Comparison of variation in Bos indicus 
temperament within the same breed

Individual differences within Bos indicus cattle have also been 
reported. For example, Cooke et al. (31) assessed the effect that exit 
velocity has on plasma cortisol concentrations in 170 Nellore heifers. 
The exit velocity score classified animals as adequate (<3) and excitable 
(>3). Heifers classified with an adequate response had lower cortisol 

concentrations (35.8 ng/mL), a greater body condition score (BCS) 
(6.05), and ADG (0.86 kg/day) than excitable animals (50.8 ng/mL, 
5.73, and 0.78 kg/day, respectively). This study suggests that 
temperament can also affect the health status of cattle, making them 
more reactive to social stressors and the consequent sympathetic 
activation and sustained cortisol release—which is an 
immunosuppressor when chronically released (21, 32, 33). Figure 1 
schematizes the stress response and the consequent physiological and 
behavioral alterations that have been observed in dairy cattle (34–36).

Similarly, Mello et  al. (37) determined the reactivity score in 
Nellore cattle, evaluating the movement, breathing, and exit velocity. 
On an scale of 3 to 12, <4 = calm and > 9 = very reactive. Highly 
reactive animals had higher cortisol concentrations than those 
regarded as calm (54.45 ± 3.39 nmoL/L and 35.04 ± 1.78 nmoL/L, 
respectively), which can be related to a sympathetic-mediates stress 
response that might cause physiological consequences. In the same 
breed, it was found that animals with previous experiences with overly 
aggressive handling had a greater flight speed (FS) (2.07 ± 1.18 m/s) 
than gently handled cows (1.74 ± 0.75 m/s) (38). Moreover, other 
authors have mentioned that age influences the temperament of 
Nellore cattle (24), where young and calmer bulls adapt better to 
feedlot conditions (39). The fact that Bos indicus animals can be more 
reactive towards stockpeople also increases the likelihood of 
aggression by the handler during future management to control the 
herd (38).

Recently, the genetic parameters for behavioral and growth traits 
have been studied in Nellore cattle (40), reporting that heritability 
scores for temperament and FS were 0.08 and 0.12, respectively. These 
findings support the importance of breeding programs that promote 
less excitable animals. In other reports, a genetic influence on the 
temperament of Brahman cattle has been found. When considering 
an exit velocity of 0.16–1.82 m/s as calm and between 3.05–10.83 m/s 
as temperamental in both females and males, 14 single nucleotide 
polymorphisms were associated with cattle temperament scores (41). 
Thus, considering and preventing events that can make already 
reactive animals more excitable might decrease the incidence of 
handling accidents.

2.3 Effect of temperament on productivity 
in both Bos indicus and Bos taurus cattle

The breed and species, as well as their temperament, can affect the 
performance of animals, finding that highly excitable cattle can reduce 
their productivity (42). In this sense, calm and excitable Nellore cattle 
showed differences regarding the final body weight, ADG, feed 
efficiency, and meal size, where calm animals had the highest values 
(492 kg, 1.30 kg/d, and 139 g/kg vs. 463.22 kg, 1.06 kg/d, and 119 g/kg 
in excitable cattle, respectively) (43). The ADG and DMI in calmer 
Angus, Brangus, and Simbrah heifers were greater than in excitable 
animals (1.60 vs. 1.43 kg/d, 9.41 vs. 8.72 kg/d, and 1.32 vs. 1.12 kg/
event, respectively) (28).

As previously mentioned, Bos indicus cattle might react negatively 
to human interactions, and this can affect nutrition-related parameters 
such as body condition score (BCS). This was reviewed by Cooke (16) 
in 170 weaned Nellore heifers. The author evaluated the association 
between chute score, exit velocity, and exit scores on ADG, BCS, and 
cortisol concentration. It was found that excitable Bos indicus cattle 
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had a lower ADG (9.3%) and BCS (4.8%) together with cortisol 
increases of up to 41.89%, in contrast to less excitable cows. In another 
study, Burrow and Dillon (44) evaluated 96 Brahman x Shorthorn 
heifers to establish the relation between FS after leaving the weighing 
crush and growth in a feedlot. The authors observed that animals with 
higher FS (regarded as highly reactive) had an ADG of 0.79 kg/day, in 
contrast to calm heifers with an ADG of 0.91 kg/day.

Similarly, Fordyce and Goddard (45) reported a correlation 
between crush and race test and weight gain (r = 0.14), observing that 
animals that were more reactive to handling had significantly poorer 
body conditions. This is possibly explained by what was observed by 
Müller and von Keyserlingk (46) who evaluated the relationship 
between FS and ADG. They observed that FS increased over time, in 
addition to a correlation between ADG and FS (r = 0.50). Reductions 
in avoidance distance (AD) after frequent human interactions have 
been related to a higher body condition in Indian crossbred cows (47). 
The positive and negative effects of human presence during feeding 
times could be  related to the level of fear in the animals that can 
influence food consumption and, therefore, weight gain. Although 
these studies did not focus on HAR, the results suggest that naturally 
temperamental animals can have adverse reactions to daily practices, 
including those when human interaction is needed and might 
be regarded as a negative stimulus.

Sant’anna et al. (48) also established the association between the 
movement score and FS in Nellore bulls and its effect on meat and 
carcass quality. Through a linear mixed model, these authors found 
that reactive animals with higher movement scores (3–5) affected the 

quality of the meat, having lower meat lightness (36.41 ± 0.26) and 
yellowness (11.58 ± 0.16), as well as lower hot carcass weight 
(283.09 ± 3.63 kg) when compared to least reactive bulls. Therefore, 
temperament traits influences the productivity and reproductive 
performance of Bos indicus cattle (37).

When comparing Brahman and Angus steers and heifers, a higher 
FS (2.1 ± 0.99–1.5 ± 0.74 m/s) and crush score (2.8 ± 0.73–1.5 ± 0.59) 
was found when comparing it to Angus cows (2.0 ± 0.62–1.0 ± 0.42 m/s 
and 1.6 ± 0.64–1.1 ± 0.33, respectively). In Bos indicus, highly agitated 
animals had a reduced feedlot growth rate and feed intake (49). 
Likewise, similar to Bos taurus cattle, reactivity is also used as a 
predictor of feedlot performance in Nellore and Guzerat calves, where 
animals with a greater FS reduced their ADG by 0.14 kg/calf per 
day (50).

León-Llanos et  al. (14) observed in 190 Brahman steers (Bos 
indicus) that calmer animals—which might promote easier handling– 
had greater weights at slaughter (+23 kg) in comparison to nervous 
animals (Calm = 509.6 kg vs. Nervous = 486 kg). Moreover, in Braford, 
Brangus, and Simbrah cattle it was found that excitable animals had 
25% of carcasses with dark cuts. In contrast, only 6.7% of borderline 
dark cutting was present in calm animals (30). Similarly, in Braford, 
Red Brangus, and Simbrah cattle was observed that 40% of highly 
agitated animals that struggled violently during restraint had a 
Warner-Bratzler shear (WBS) force above 3.9 kg, while cattle that 
stood still when restrained had a mean WBS force of 2.86 kg (30). 
Johnson et al. (51) compared Angus and Brahman steers to evaluate 
meat and muscle characteristics, finding that Brahman’s WBS was 

FIGURE 1

Stress-related axes and their influence on the physiology and behavior of cattle. The perception of a stressor by the nervous system activates the HPA 
and SAM axes. Both result in the release of glucocorticoids and catecholamines, respectively, to face the challenge and return to homeostasis. 
Together with the physiological changes such as tachycardia, tachypnea, and increased energy use, behavioral and postural changes also help to 
identify when dairy cattle perceive an interaction with humans or an event as negative ACTH, adrenocorticotropic hormone; CRH, corticotropin 
releasing hormone; HPA, hypothalamic–pituitary–adrenal axis; SAM, sympathoadrenal-medullary axis.
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higher than Angus cattle (5.2 vs. 4.1 kg), while the tenderness 
decreased in the same breed (6.1 in Angus and 5.5 in Brahman). This 
means that the proteolytic process in muscle can differ between 
breeds, and this might be associated with the reaction of animals to 
handling or restraint and the susceptibility to social stress in Bos 
indicus cattle.

Some authors do not report behavioral differences between 
excitable/calm cattle or between Bos indicus and Bos taurus breeds 
(52); however, in dairy systems, a study performed in 72 first-calf 
heifers of the Black-and-White breed under standard milking showed 
that calm heifers had a production increase of 14.4% and longer 
milking time (by 23.4%) than excitable cows, who also reduced their 
milking cycle by 69.6% (53). The reduced milk yield and milking 
capacity might be  associated with a stronger stress response, as 
reported by Cooke et al. (54), who determined that more excitable 
Nellore cattle had higher plasma cortisol levels (+10 ng/mL) than 
calmer cows.

The reproductive performance may also be affected by the animal’s 
response to social interactions. Another study evaluated Nellore cows 
undergoing artificial insemination. Calm animals had the largest 
diameter of follicles (14.4 ± 0.2 mm) and pregnancy rates at days 30 
and 60 (56.4 and 50.0%) than very reactive cows (diameter of 
13.2 ± 0.2 mm and pregnancy rates of 51.0 and 42.7%, respectively) 
(37). Likewise, excitable animals reduced their pregnancy and birth 
rates by 6.3 and 6.5%, respectively. In Nellore cattle, Rueda et al. (38) 
associated FS and chute score with pregnancy rates during artificial 
insemination. It was found that the chance of pregnancy in highly 
excitable cows was 42.62, 10% less than the one reported in calm 
animals. This might indicate that excitable Bos indicus have a higher 
chance to react negatively to several management practices inside beef 
and dairy systems, representing a risk for the handlers as well (20, 55). 
In this sense, Tirloni et al. (56) reported that handling practices are 
correlated with reactivity scores of Nellore cattle, meaning that 
animals become more aggressive when handled with loud noises, 
kicks and the use of electric prods (reactivity score of 2.12 ± 0.07) than 
those exposed to low-stress handling (reactivity score of 1.62 ± 0.05).

Grandin and Shivley (57) also found animals’ responses not only 
dependent on genetic predisposition, but on previous experiences. 
The literature shows some controversy as to whether the duration of 
the effect of the interaction is short or long term. Some studies 
reported that the interaction in early stages between the animal and 
the human have no long-term effects (58, 59); while Silva (60) found 
that good practices of handling applied during the pre-weaning period 
have long-term beneficial effects in crossbred Bos indicus x Bos taurus 
heifers’ calves. Moreover, when these good practices were combined 
with brushing it was observed improved HAR and a reduction in 
heifers’ fear of humans. If the positive effect of brushing on 
temperament persists until the onset of their reproductive and 
productive life of heifers is unknown.

Another aspect that needs to be  addressed is the association 
between positive attitudes toward animals and their effect on animal 
care. A questionnaire by Bertenshaw and Rowlinson (61) showed that 
farmers acknowledge that cows can be fearful of humans and that 
milking temperament is closely related to it. For example, it was 
reported that farms that used to address cows by their name and 
provided stress-free environments had higher milk yields (by up to 
258 liters). Similarly, when evaluating the flinch/step/kick response, it 
was found that stock people high on agreeableness and that 

encouraged positive interaction with cows improved milk yield and 
milking behavior (62). These studies show that even the attitudes of 
the farmers can positively influence the HAR.

Therefore, the breed and temperament can affect the adaptability 
of the animals to new environments as studied by Braga et al. (39) in 
Nellore young bulls in the feedlot. It was observed that calm bulls had 
a greater ADG and heavier carcasses than excitable young calves, 
showing the ability of the animals to positively respond to their 
environment, handling, and HAR.

3 Cattle human animal relationship 
(HAR) in Bos taurus breeds

The HAR has been extensively reviewed in Bos taurus. For 
example, Willson et al. (63) has reported that 70% of handling 
practices in beef animals include the use of aversive tools such as 
electric prod or tail twist during unloading, lairage, and in the stun 
box at an abattoir. This is related to the 27% prevalence of bruises 
in Holstein-Friesan cows carcasses due to the use of blunt objects 
and electric prods, as mentioned by Strappini et  al. (64). In 
crossbreed Angus calves, a diminished stress-related response has 
been found when the animals are handled with minimal stress and 
prodding (chute score of 1.1), in contrast to those calves exposed 
to audible records of distressed cattle and noxious noises, together 
with prodding (chute score of 1.4). de Boyer des Roches et al. (65) 
observed that fear of people in cows is related to the aggressive or 
negative attitude of the farmer towards the cow, reporting that only 
9.8% of dairy cows accepted being touched by farmers who 
regularly negatively handle cows. In contrast, this percentage 
increased when cows interacted with experienced farmers (10.8%) 
or when they considered cows’ health and HAR as important 
(10.4%).

In the case of dairy cattle, handling is known to be a significant 
stressor, to such an extent that cows release the same amount of 
cortisol when exposed to handling sleeves to be vaccinated, or the 
milking parlor, as they do when they go to slaughter (66). This is likely 
because they are unable to differentiate these situations when animal 
handling is aggressive and causes stress responses in the animals. For 
example, negative interactions in crossbred Bos taurus cows during 
milking such as hitting increased the respiratory rate, surface 
temperature, activity level, vocalizations, and defecation (67).

The attitude and behavior of the stockperson towards the cows can 
also influence the animal’s response and milk parameters. A study 
carried out by Breuer et al. (68) determined that fearful cows that slowly 
approached the milker during a fear test produced less milk (<5,632 L/
cow/year). Reinforcing this, Rushen et al. (69) reported that the presence 
of an aversive vs. gentle handler in contact with 14 Holstein cows 
increased the amount of residual milk (70%), in turn decreasing milk 
yield (0.72 kg) and increasing heart rate change during milking (73%). 
Hemsworth et al. (70), evaluated the relationship between the attitude 
and behavior of stockpersons, and the productivity of cows 
(predominantly Holstein-Friesian) from 66 commercial dairy farms 
during lactation. These authors found that the number of forceful 
negative interactions and unexpected tactile interactions applied by 
caregivers were negatively correlated with the percentage of cows that 
approach within 1 m of an experimenter, i.e., the cows were more 
fearful. This negative attitude and behavior also had a negative impact 
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on production values, such as milk production and percentages of 
protein and fat (r = −0.36, −0.35 and −0.33 respectively).

Promoting positive HAR through tactile and auditory stimulation 
has been shown to benefit both humans and animals. Stimulation by 
stroking the neck, dorsal, and ventral parts of the cows’ bodies can 
represent positive stimuli if performed properly (71, 72). This was 
observed in 38 Holstein Friesian cows, which received tactile 
stimulation by stroking the ventral part of the neck at the milking 
parlor, 5 min/day for 15 days. Stroking reduced fear-related tachycardia 
(4). Windschnurer et al. (73) also found that stroking Holstein Friesian 
and German Red Pied cows during milking –in the morning and 
evening– by an unfamiliar experimenter for 3 minutes reduced AD 
from 0.20 ± 0.2777 m to 0.07 ± 0.079 m.

Contrarily to the extensive literature regarding HAR and Bos 
taurus breeds, HAR in Bos indicus cattle has limited studies although 
the excitable temperament of Bos indicus is well documented. The 
following sections will review the literature focusing on HAR in 
indicus cattle using the Five Domain Model as framework.

4 Human animal relationship in Bos 
indicus cattle and the Five Domains

The quality of the HAR has an impact on animal welfare and is 
closely linked to the Five Domains. As stated by Mellor et al. (6), 
animal interaction with handlers, owners, veterinarians, or the staff 
working in dairy milk farms can have both a negative and positive 
impact on the physical and mental state of cattle. For example, when 
stockpeople provide adequate nutrition to cattle, proper physical 
environment, and periodic health revisions to ensure a species-specific 
behavioral repertoire, both the mental and intrinsic state of the animal 
can improve but also positive HAR is promoted. When there is a 
disruption in any of these Five Domains, physiological, behavioral, 
and emotional alterations might arise (7, 74–77), as increases in 
cortisol, decreases in oxytocin, increased fear-related behaviors such 
as kicking, stepping, and large AD, and even changes in the posture 
and facial expression of cows (78–80).

The influence that a positive/negative HAR has on animal welfare 
has promoted strategies to understand this issue and implement 
alternatives (68). An example of this are the training programs aiming 
to train stockpeople in good practices to properly handle cattle, 
reducing negative mental states (e.g., fear) and the consequent 
behavioral and physiological responses to it. Additionally, tactile and 
auditory stimulation have been shown to be  beneficial, such as 
stroking cattle on different parts of the body, a practice that can reduce 
AD and fear-related behaviors (71, 80). Likewise, gentle talking by 
staff can reduce startle reactions and facilitates mustering (2, 81, 82), 
interaction that will be discussed in the following sections by physical 
and mental domains.

4.1 Animal nutrition and its influence on 
cattle mental domain

This domain considers the animal’s ability to absorb the nutrients 
from the food offered. Both the characteristics of the feed and the 
genetics of the animals play an important role in productive 
performance and survival (83). An animal with good body condition 

could be considered an animal with good nutrition provided by the 
stockperson. By acknowledging the importance of adequate nutrition, 
farmers prioritize productive parameters but also recognize that this 
has a crucial role in animals’ physical health that can ultimately affect 
the mental status of cattle (7, 84–86).

According to Mellor (83), the Nutrition Domain has a close 
relation with other domains such as the environment and health that 
drive the animal to display specific feeding behaviors. Feed provision 
can frequently be  a factor in favor of the animal associating the 
stockperson with something positive (7). However, when the farmer 
does not provide an adequate quantity and quality of food, the 
nutritional status of the animal will be affected resulting in a low body 
condition and, consequently, in hunger, which leads to a negative 
mental state (87).

Regarding the association between HAR, body condition, and 
quality of meat products, it has been mentioned that exposure to 
stressful situations triggers the occurrence of dark, firm, and dry meat. 
Thus, handling before slaughter must be performed adequately to 
reduce the level of stress. Furthermore, other events such as 
transportation, herding, and boarding at slaughter can cause acute fear 
and affect the quality of the carcass (88, 89). This was reported by 
Carrasco et  al. (90) in 448 Bos indicus x European steers. They 
observed that 81% of the carcasses had at least one bruise and 36.6% 
had two bruises. From these, 69.6% of the bruises were first-degree 
(only subcutaneous tissue was affected), and in 69.6 and 44.3% of the 
cases with hyperglycemia and increases in cortisol (74.7 ng/mL), 
respectively.

According to what was discussed, indirect interactions such as a 
lack of attention to the animal’s dietary preferences could limit its 
nutritional status due to a decrease in consumption. This must 
be considered to raise Bos indicus cattle and prevent affectations on 
their nutritional status.

4.2 Physical environment and how it can 
affect/benefit animal’s mental domain

The physical environment and facility design can elicit in cattle 
both negative and positive interactions with humans. It has been seen 
that cattle move more easily through a race or alley if distractions such 
as shadows or reflections on shiny metals are removed, or if people up 
ahead are removed from the animal’s sight (9). This is due to the visual 
particularities of cattle, having a wide-angle vision but lacking depth 
perception. Their eye anatomy and number of rod photoreceptors 
make them see better in low-light environments but will prefer going 
from a dark to a light place (91–93). Thus, the importance of 
preventing direct sunlight on their face when moving the animals or 
adding a light to the entrance of certain facilities to facilitate their 
movement (2, 94). In other instances, remaining in crowded hallways 
could elicit fear and consequent stress-related responses (10).

Beef Bos indicus cattle are commonly considered to have a more 
difficult and nervous temperament than Bos taurus breeds (13, 22), 
and the problem appears to be  exacerbated by the extensive 
management practices of the regions that commonly use this kind of 
breeds (45), which is why the management of these animals as well as 
the environment must be different, since failure to consider these 
characteristics can put the animal at risk. For example, Brahman-cross 
cattle had higher cortisol levels when restrained in a squeeze chute 
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than English crosses (95). This would represent a need to improve 
management practices in Bos indicus cattle to avoid negative 
association with humans.

Simple changes applied to facilities used for handling cattle, such 
as adding lighting to driveways or dark corridors, as well as reducing 
loud and intermittent noises, have all been shown to improve livestock 
mobility and reduce stress (2). Regardless of the milking system, 
several stimuli could be perceived as stressor by Bos indicus dairy 
cattle. These include entry to an unknown milking parlor, the presence 
of unfamiliar stockpersons or the interaction with dominant 
conspecifics (94). For example, it is known that dairy cattle are afraid 
of sharp shadows and will balk or react negatively when handled in 
this environment (94). When animals refuse to move, the use of 
aversive tools or management (electric prod, tail twisting, and hitting) 
can occurs in almost the 70% of HAR. This is important because it 
clearly shows the connection between the conditions of the facilities, 
the natural behavior and sensory sensitivity, and effects on cattle 
handling, where easy changes such as removing the visual distractors 
might ease animal mobilization (96).

Moving cattle within the facility, entering the pen or paddocks, the 
milking process—whether manual or automatic–, weighing, ear 
tagging, vaccinating, and blood sampling are known events that might 
be perceived as negative or stressful by cattle (77, 78, 97, 98), but that 
can be improved by changing the facility design or training people for 
gently handling or dairy animals (98–101). Always considering that 
novelty and strange sights or sounds are often a sign of danger, 
however in some cases the animals are attracted to novelty (102).

When calves were brought to a new place, they had a lower stress 
response when the new place looked similar to their home pen (103). 
A new place that looked very different caused greater stress. It is likely 
that the visual distractions discussed previously will have the greatest 
detrimental effect the first time an animal is handled in a new novel 
facility. Experienced dairy cows will be more likely to willingly walk 
over a shadow they have seen every day in the milking parlor. The first 
time a dairy heifer enters the parlor, the same shadow may cause her 
to stop. Handlers need to be patient and allow the heifer time to stop 
and look at the shadow. If the new heifer is subjected to shouting, tail 
twisting, or slaps, she may be more reluctant to enter the milking 
parlor in the future. It is important to make first experiences with new 
people, places, or equipment positive (10). Research with rats and 
sheep indicated that if the first experience with a new place is really 
aversive, they will be more reluctant to enter it in the future (104).

Pereira et al. (67) reported that the milking system influences the 
physiological response in the animals. For example, manual milking 
and putting a bucket below cattle increased negative interactions, such 
as groping and hitting, also increasing defecation. Mattiello et al. (105) 
mentioned that the level of mechanization and large farms in the 
milking parlor increases the frequency of more human-related fear 
behaviors, due to a lower frequency of contact with stockperson. 
Which would show that the environment influences the level of fear 
that the animal experiences in the experimental units. It is also feasible 
that a poor choice of the design of the facilities can contribute to the 
presence of negative interactions. Environmental enrichment for Gir 
x Holstein calves through balls, tires, hanging chains, and scratchers 
(together with brushing provided by female handlers) showed to 
reduce lactate concentrations after enrichment (15.66 ± 1.90 mg/dL) 
and increase oxytocin levels (4.60 ± 0.11 uIU/ml), an endocrine 
reaction that could be regarded as a positive HAR (106). Likewise, 

minor changes in the corral and handling practices such as the 
elimination of bright objects, color contrast, shadows, and dark spots, 
and eliminating dogs, electric prods, and yelling reduced cortisol 
values (from 60.40 ± 3.8 to 41.03 ± 2.9 ng/mL) (107). The discussed 
studies suggest the possible interaction between handling and the 
environment where the HAR is performed due to the sudden 
introduction of something novel and new is often stressful (10, 
103, 108).

A further consideration in relation to noise is that facility design 
should also consider environmental noise, for example by use of 
rubber pads on metal gates. Machinery should be  designed to 
minimize noise and all routine procedures should consider the effect 
of loud sounds on the animals’ welfare, considering that calm animals 
are easier to handle, and this reduces the risk of a negative HAR (2). 
Grandin (2) mentions that visual and auditory particularities of cattle 
must be considered to provide animals an adequate handling facility 
that can improve both the HAR and the physical and mental welfare 
of cattle.

Therefore, providing housing and handling facilities where dairy 
cattle can be easily handled and moved can also prevent negative HAR 
and the use of aversive methods such as hitting them with sticks, 
prods, slaps, or shouting to move animals (109). When designing 
dairy cattle facilities, is essential to study the behavior of animals to 
provide adequate and safe environments for the animals that will also 
be reflected as positive HAR (110).

4.3 Physical health

The physical health domain is focused on the capacity for 
preventive and therapeutic veterinary care in the face of the 
development of acute and chronic injuries and diseases caused by 
invasive husbandry practices, surgical procedures and acute, chronic 
or genetic disorders with effects on the recovery process that give rise 
to a variety of other negative effects (6, 83),.

Effects on the health of the animals, productive performance and 
a decrease in live weight, as well as an increase in seizures and disposal 
of high value cuts due to the presence of bruises, injuries and fractures 
generated by the use of painful tools during transport was reported 
(111, 112). The prevalence of bruises and injuries in Bos indicus cattle 
is usually higher than in Bos taurus cattle, ranging from 37.5% (113) 
to 84.5% (114). This is due to limited inappropriate handling and a 
nervous temperament during mobilization prior to death (14). This is 
similar to what Vaz et al. (115) found when evaluating carcasses from 
Bos indicus cattle crosses. The highest chance of bruising was found in 
excitable and in female animals. Moreover, Stanger et al. (116) assessed 
the phytohemagglutinin-stimulated lymphocyte proliferation in Bos 
indicus steers during 72 h of transport, finding that proliferation 
decreased making the animals susceptible to other diseases. Handler 
training programs must consider behavioral responses to challenging 
situations or temperament to human presence or handling in Bos 
indicus animals.

In dairy cattle, fear or stress during the milking process causes an 
incomplete emptying of the udder and the accumulation of residual 
milk due to alteration in the oxytocinergic pathway (69, 117). 
Therefore, this can be reflected as adverse effects on udder health, 
increasing the somatic cell counts (SCC) and a higher prevalence of 
both clinical and subclinical mastitis (118). Additionally, stress and 
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fear have been identified as a determining factor for high SCC, 
reporting a correlation between human-cow closer voluntary 
approach and lower SCC (119), being less susceptible to the 
development of udder pathologies, avoiding the development of 
mastitis, one of the most common health problems and culling 
reasons in the dairy industry (120, 121).

The stress level experienced by cattle can have an 
immunosuppressive effect, making them susceptible to mastitis (122, 
123). When considering the differences between Bos indicus breeds, 
Alhussien et al. (124) investigated the combined effect of seasons and 
lactation stages on mammary immunity in indigenous Sahiwal cows. 
They observed elevated levels of phagocytic activity and plasma 
interleukin (IL)-2 during winter and mid-lactation. Furthermore, they 
observed a positive correlation between plasma concentrations of 
IL-8, the percentage of milk neutrophils, and the expression of 
chemokine receptors. According to these results, it is possible to 
suggest that the excitability of Bos indicus must be considered when 
designing management processes.

Overall, Bos indicus females have a lower prevalence of mastitis 
with respect to Bos taurus females. This could be due to the level 
of intensification and productivity to which they are subjected, 
without leaving aside the environmental conditions and the 
sanitary and veterinary practices applied, in addition to the 
agroecology in which each cow develops. For example, Fesseha 
et  al. (125) observed a higher prevalence of mastitis in Jersey 
females (78.6%) and Holstein Friesian x indigenous Bos indicus 
cows (51.9%) vs. 16.7% in indigenous Bos indicus breeds. However, 
dairy herds of breeds such as Gyr have a considerable prevalence 
of subclinical mastitis, directly and negatively affecting milk 
production and composition (126). In this way, the health of the 
udder can have an impact on the behavior of cows and predispose 
negative HAR with the caretakers. Likewise, Shem et  al. (127) 
found that crossbred cattle (Bos taurus x Bos indicus) had higher 
prevalence of sub-clinical mastitis (38.3%) than Tanzanian 
shorthorn Bos indicus cows (23.3%), as well as a higher SCC. The 
authors concluded that this high prevalence may be due to the 
effect of poor management practices in 84% of the evaluated farms. 
Factors such as change of milking personnel, technology and 
environmental and nutritional modifications could lead to a 
greater risk of infection (mainly in high-performance 
breeds) (128).

Regarding the minimization of udder health problems, the 
milking process must consider procedures to minimize the prevalence 
of clinical mastitis where the milker has influence. For example, the 
use of gloves during milking, apply post milking teat disinfection, as 
well as logistical considerations to avoid contamination of automatic 
milking units (e.g., allocate a specific milking unit for cows with a 
condition in the mammary gland rinsing, cleaning, and disinfecting 
the unit after milking) (129). Moreover, Sharma and Phillips (47) 
found that the health status of Indian cows in shelters is related to AD 
and to the level of fear towards humans. In their study, 51.2% of the 
animals allowed to be touched, and 46.6% allowed human approach 
up to 100 cm. However, reductions in AD were also present in animals 
with traumatic injuries or lameness due to tarsal joint swelling or 
ulcerations (rs = between 0.119 and 0.232), probably because animals 
in pain might not be unable to move away from humans. Therefore, 
further research is needed to evaluate the effect that health issues 
might have on the human-animal interaction.

4.4 Behavioral interactions

Domain 4 focuses on the interaction of animals with their 
environment, other non-human animals, and humans, which can 
be negative, positive, or neutral (6). In the case of Bos indicus breeds, the 
irregular interaction with animals might affect animal handling and make 
animals susceptible to mistreatment, physical abuse from handlers, or 
aversive methods to mobilize livestock (130), both for beef and dairy 
systems. In this sense, human-animal interaction has a positive or negative 
impact. When it comes to positive interaction, this happens through the 
application of practices focused on generating safe environments, where 
the caregiver provides comfort, through gentle handling and using tools 
that promote the development of functional capabilities minimizing the 
possibility of generating more physical and psychological effects in sick 
and healthy animals. In the same way, it is about promoting adequate and 
supervised treatment. On the contrary, a negative HAR develops in 
threatening, isolated, unsafe environments and with the application of 
painful practices by handlers, increasing the possibility of multiplying the 
effects on cattle (83, 131).

In contrast to dairy cows, beef cattle are commonly raised on 
rangelands where human interaction can be  limited to preventive 
medicine, routine procedures, animal mobilization within the facility 
to the chute, corrals or barns, making beef indicus cattle more reactive 
than animals raised in dairy intensive systems (132, 133). Furthermore, 
research has shown that Bos indicus animals might have a more 
marked stress-related reaction –assessed through cortisol 
concentrations– to events such as restraint, weaning, or transport, 
than Bos taurus species (an average of 32.60 ± 0.66 ng/mL vs. 
25.81 ± 0.76 ng/mL, respectively) (95).

The high reactivity of Bos indicus breeds and crossbred animals 
has also been related to a susceptibility to stress during handling. 
Marçal-Pedroza et al. (134) reported this in Holstein-Gyr cows in the 
milking parlor. An association was found between reactive cows with 
higher cortisol (between 7.23–12.15 ng/mL) and oxytocin levels 
(between 5.01–7.82 pg./mL) procedures that cattle might associate 
with fear and negative emotions, particularly because stockperson 
characteristics such as attitude and skill highly influences animal 
behavior (135).

For example, artificial insemination can be a stressful event for 
beef cattle. In Nellore heifers, Ceballos et al. (135) evaluated reactivity 
traits (e.g., frequency of kicking, jumping, mooing, lying, kneeling, 
balking, and attacking) and the stress response (cortisol) during 
insemination procedures to negative practices (hitting the gate against 
the animal’s body, hitting, or prodding the heifer with a wooden stick). 
High cortisol concentrations and undesirable behaviors were present 
in animals receiving aversive handling. Likewise, these animals 
showed a 25% increase in kicking, jumping, vocalizing, lying, and 
kneeling. Incidence of these events was also linked with a 10-fold 
decrease in the chance of becoming pregnant although the exact 
mechanisms behind this event is unclear (135). Behavioral responses 
such as escape attempts when using the squeeze chute are also 
common when cattle is handled by non-trained people (136). 
Moreover, Fordyce et al. (22) found that hornless Brahman cross cattle 
had higher temperament score than Shorthorn animals (5.54 vs. 4.44, 
respectively). This finding was similar to what was reported by Chase 
et al. (137) when comparing the temperament of weaned calves from 
three different breeds: Angus, Brahman, Romosinuano, and their 
crossbred combinations. The authors found that Brahman calves had 
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excitable temperaments (assessed by exit velocity, chute and pen 
scores) than Angus and Romosinuano breeds (137), which might 
suggest that techniques currently applied to Bos taurus might not be as 
efficient in Bos indicus cattle.

When stockpeople are not trained to manage animals properly, they 
might resort to yelling and shouting, events that significantly affect 
livestock and activate stress-related axes (138). According to Pajor et al. 
(139) and Grandin (140), shouting and yelling at cows can be as harmful 
as the use of electric prods. In this sense, Grandin (2), has reported that 
loud sounds over 85 dB could elevate heart rate. This has been found in 
beef heifers who had higher heart rates when hearing human shouting 
(84.0–100.5 bpm) than the sound of metal clanging (74.4–86.7 bpm) 
(141). Wilson et al. (63) noticed that when a noisy truck pulls up in, it 
increases the number of cows that become reluctant to move. Pereira et al. 
(67) recorded the physiological response of crossbred dairy cows 
(Holstein-Bos indicus) after interactions with a milker in two different 
milking systems. Negative interactions such as hitting increased 
respiratory rate, surface temperature, and activity level. Vocalization and 
defecation were also increased.

Knowledge about the species and their adequate handling 
practices is essential to ensure a positive HAR. Therefore, training 
stockpeople is currently applied and promoted in livestock farming, 
with several studies addressing its benefits (101). Training stockpeople 
in good practices, even during simple procedures such as vaccination, 
has been proposed by Ceballos et al. (136) to improve cattle welfare. 
In their study, undesirable behaviors including jumping, balking or 
attacking were more frequent in animals handled by non-trained 
farmers. Likewise, the routine collection of data associated with the 
degree of animal welfare experienced in the herd (e.g., prevalence of 
skin lesions, mastitis or lameness) should be used to generate action 
plans in collaboration with farmers, regarding the critical points that 
can affect the comfort of dairy cows (142).

Programs have been generated that address aspects of attitude, 
norms, behavioral control and motivation in the implementation of 
controls with veterinary services and internal management, positively 
impacting HAR to minimize costs due to diseases and the prevalence 
of effects on udder health, including a higher SCC and increased 
prevalence of clinical and subclinical mastitis, and prevalence of 
injuries and bruises in dairy cattle (118, 119). Mastitis could be one of 
these injuries with estimated losses in various countries where the 
majority of Bos indicus cattle are developed, such as Ethiopia, with 
costs of up to 5.2% of the average milk income per cow (143). Training 
also influenced stockpeople attitude, showing higher percentages of 
positive attitudes from trained farmers than non-trained people 
(65.5% vs. 28.1%) (136). Similarly, the same authors reported in 
another study that frequent handling of beef Nellore and Nellore 
crossbreed cattle after 6 months reduced reactivity scores (from 
4.20 ± 0.06 to 2.86 ± 0.05) and FS (from 1.76 ± 0.02 m/s to 
1.14 ± 0.02 m/s) (133). This study showed that even in rotational 
grazing systems, constant interaction between humans and indicus 
cattle enhances positive HAR.

The negative behavioral responses, together with increases in 
cortisol (around 3.92 ± 1.20 ng/mL) when Bos indicus cattle is 
restrained in a squeeze chute, can decrease by about 1.67 ng/mL with 
habituation or repeated adequate handling of animals, as shown by 
Andrade et al. (144) in Brahman cattle. Moreover, Solano et al. (35) 
concluded that, when assessing the effect of HAR during husbandry 
procedures of Bos indicus cattle, it is essential to consider the social 

rank. In their study, cortisol concentrations of Brahman cows entering 
the handling chute were lower in low-ranking cows at the beginning 
of the experiment and at day 19, as a possible habituation to the 
procedure (6.3 ± 0.9 ng/mL and 0.5 ± 0.1 ng/mL). In contrast, high-
ranking animals maintained higher cortisol levels (10.4 ± 2.8 ng/mL 
and 6.4 ± 1.2 ng/mL). Similarly, Macedo et  al. (145) found higher 
cortisol concentrations (16.0 ± 2.1 ng/mL) in Nellore cattle when a 
negative HAR was present (e.g., rapid arm movements to frighten the 
animals, hitting or kicking them, twisting their tail). This result also 
affected the viability rate of embryos (19% lower than non-stressed 
cattle), which can affect the reproductive programs in the specie.

Habituation protocols of crossbred heifers (Holstein x Gyr) to 
reduce milking reactivity have shown to reduce flight distances (from 
1.72 ± 1.22 m to 0.69 ± 0.52 m) and the number of steps (from 5.6 ± 7.73 
to 3.37 ± 4.69) after a training protocol with human presence during 
20 days (146). Similarly, Kamboj et al. (147) reported that pre-partum 
habituation of 15 days in primiparous Sahiwal cows reduced 
temperament scores (from 2.67 to 1.40), handling scores (from 2.40 
to 1.13) and cortisol concentrations (16.11 to 5.61 ng/mL), showing 
that habituation to humans can reduce fear, stress, and reactivity of 
Bos indicus crossbred. This was also reported in Nellore cows after 
successive handling in the corral and containment chute (148). After 
6 weeks of handling, reactivity score was lower than animals handled 
only twice (1.84 vs. 2.44), and it was found that the attitude of the 
handler influenced the behavioral response of animals.

In Brahman-crossbred heifers (Braford and Brahman x Angus) it 
was also reported that acclimation to handling resulted in a lower 
chute score (1.37 vs. 1.84) and cortisol concentrations (37.8 vs. 
50.5 ng/mL) when compared to undisturbed heifers (149). According 
to Becker and Lobato (17), in their study carried out on Bos indicus 
crossed cattle in Brazil (forty Nelore × European male and female 
calves), to handle cattle in a gentle way, instead of the traditional 
aversive one procedures and habituation to management routines 
might reduce the occurrence of injuries to both livestock and handlers, 
reducing risks and losses for humans and improving the well-being of 
beef cattle.

Current management practices encourage the understanding of 
the natural behavioral repertoire of dairy cattle to improve their 
welfare. For example, long low-pitched sounds have been proposed to 
reduce noise disturbances in animals, including human voices, while 
Lange et al. (150) found that live soothing voices of humans and being 
stroked in the neck resulted in extended neck and ear postures 
reflecting a positive mental state. Using a normal tone promotes easy 
handling and prevents cortisol increases (76). Furthermore, when 
exposed to familiar sounds cattle can be stimulated to move to certain 
places throughout the facility (151). Figure  2 shows how the 
perception of positive auditory stimulation can cause positive 
emotional response in animals, particularly, in cattle, in whom sensory 
stimulation has been related to positive emotions and improved HAR 
(152–155).

In intensive dairy systems the interaction between animals and 
stockpeople is part of the daily routine of animals, the interaction with 
the milker and the type of milking system can influence the valence 
of the HAR. For example, Pereira et al. (67) determined in Bos indicus 
crossbred dairy cows that practices such as pushing and groping 
during milking is more frequent in the milking system “bucket at the 
bottom.” This can reflect a potentially negative HAR where animals 
defecate more frequently (38.40%) due to the aversive human handling 
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(67). Likewise, steps and kicks are frequently observed in primiparous 
crossbreed cows (Holstein-Gyr) during milking and in the squeeze 
chute (156).

As previously mentioned, Bos indicus and Bos indicus crossbreed 
animals tend to be  more reactive and temperamental than Bos 
taurus breeds (17). Nonetheless, this reaction can be reduced with 
constant handling and by providing a positive HAR (156). Moreover, 
the presence of the calf during milking and weaning could 
be considered beneficial when handling Bos indicus type cattle due 
to the highly maternal protective behavior of these breeds (157). In 
this sense, Bos indicus cattle tend to react when humans are less than 
1 m from the calf, particularly within the first 30 days post 
calving (158).

Adopting natural behavior and reaction of Bos indicus breeds to 
current management practices could help to improve HAR. An 
example is grooming, a biological need of most farmed animals to 
clean themselves of mud, feces, insects, urine and ectoparasites by 
swatting the tail, licking, scratching with horns or hind feet, or even 
scratching on inanimate objects (159, 160). When this biological need 
is not covered, imbalances in animal welfare might be present and the 
lack of a positive stimulus to reinforce a positive mental state can cause 
detrimental effects on cattle (e.g., undesirable behaviors when not 
allowed to groom) (161). For this reason, enrichment for cattle may 
provide a way of encouraging grooming behavior (162–166).

Contact and tactile stimulation by stroking different parts of the cows’ 
bodies is regarded as a positive stimuli that is processed from the 
cutaneous mechanoreceptors activated with affective touch through 
brushing (Figure 3) (71, 155, 167, 168). Authors such as Schmied et al. 

(72), realized that the preferred areas for grooming by cows are the neck, 
dorsal and ventral parts. Although studies in Bos taurus animals are more 
prevalent, Ujita et al. (169) compared the effect of hand and brush tactile 
stimulation during the prepartum period of Gyr cows with non-stimulated 
animals. Using a score to assess the frequency of animal behavior such as 
stall, help, escape, tying strip, teat cups, and milking removal of teat cup 
in 40 cows, the authors found that positive tactile stimulation significantly 
decreased the score, meaning that fewer animals exhibited aversive 
behaviors. Furthermore, they also observed that cortisol decreased, and 
oxytocin increased in animals that received tactile stimulation. Similarly, 
Schmied et al. (72) reported that stroking the withers and the ventral part 
of the neck of 43 dairy cows for 3 weeks improved the reaction of the 
animals to rectal palpation. The authors observed that stroked animals 
had lower HR (decreases by 7.9 ± 4.1 bpm), in contrast to no-stroked 
subjects who recorded an increase in HR up to 10 ± 14.9 bpm.

These studies imply that gentle tactile stimulation decreases 
the level of fear or stress experienced by cattle during aversive 
events, particularly due to the increases of oxytocin, a hormone 
associated with positive emotions and mental state, impacting the 
fifth domain of the FDM. Similarly, brushing when animals are 
exposed to a common stressor such as the squeeze chute has 
showed benefits in Gyr dairy cows. In these animals, Ujita et al. 
(18) determined that pre-calving training animals to positive 
tactile stimulation for 14 days was effective by increasing the 
percentage of cows that calmly walked to exit the chute (56.6 to 
96.0%). Moreover, the same animals had lower respiratory rate 
(35.22 ± 1.32 rpm vs. 31.52 ± 1.34 rpm) and rectal temperature 
(38.24 ± 0.10 rpm vs. 37.80 ± 0.11 rpm). A similar study made by 

FIGURE 2

Auditory enrichment in dairy cattle. Auditory stimuli reach the auditory cortex through the vestibulocochlear nerve reaching the thalamus. Apart from 
recognizing the stimulus, the thalamus projects to other structures such as the amygdala, hippocampus, and prefrontal cortex to elicit the benefits that 
have been reported in dairy cattle, such as positive emotions when the stimulus reaches the amygdala.
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the same authors found that pre-calving training of primiparous 
Gyr cows by gently brush them on the head, neck, trunk, udder, 
front legs and hind legs in the milking stalls reduced their 
protective behavior and moved less when humans approached the 
calf (170).

The implementation of training programs and continuous positive 
tactile stimulation that enhances a beneficial HAR during milking is 
important because Bos indicus breeds are known to have highly 
maternal instincts that can make them aggressive to handlers when 
not accustomed to the human-animal interaction (171). Adopting 
these types of strategies inside both beef and dairy farms could prevent 
affectations on the mental state of cattle.

5 Effects of HAR on the mental 
domain

The mental domain refers to the emotional state of the animals 
that is the results of both positive and negative experiences of Bos 
indicus cattle. The aforementioned Domains directly affect the mental 
state of animals, and this will trigger behavioral and emotional 
responses that are frequently seen when assessing HAR, such as 
fear (6).

Panksepp et  al. (172) has extensively studied the effect that 
external factors such as a potentially negative HAR can be associated 

with a behavioral and adaptative response to an aversive stimulus. In 
Nellore cattle, even changes in the facial expression have been found 
in animals undergoing hot iron process (e.g., raised outer brow), 
changes that are associated to a painful stimulus (173). Likewise, in 
Nellore, Guzerat, and Gyr beef cattle, vigorous and abrupt head and 
tail movements were present in animals classified as highly 
temperamental (Guzerat had the highest average score 2.59 ± 1.33) 
(24). This is due to the interaction of brain structures such as the 
hippocampus, amygdala, and limbic system, triggering a freeze-and-
flight response and also to the link between an aversive stimulus with 
an emotional response of severe fear (98).

5.1 Fear and avoidance

Dairy Bos indicus cattle are exposed to several situations during 
the milking process that might be stressful for the animals, such as the 
level of mechanization and even the milking system (67, 105). Some 
studies indicate a positive correlation between animals’ body condition 
and body composition (r = 0.8), an association that might help predict 
the disposition of adipose tissue and muscle tissue (174, 175). From a 
strictly physiological perspective, if we consider that the perception of 
acute fear can lead to the activation of the HPA axis, this event results 
in the secretion of glucocorticoids that facilitate the availability of 
energy resources (176). Moreover, it has been found that dairy cattle 

FIGURE 3

Cutaneous mechanoreceptors and their association with tactile stimulation in dairy cattle. Tactile stimulation in dairy cattle is often associated with 
positive outcomes such as the reduction of stress-related biomarkers (e.g., cortisol) and the increase in reward-or pleasure-related hormones such as 
oxytocin, dopamine, or serotonin. This is the result of the activation of low-threshold mechanoreceptors located in the skin, which respond to Aβ 
fibers. Through the dorsal column medial lemniscal system, tactile signaling reaches the somatosensory cortex and other cerebral structures such as 
the AMYG, NAc, VTA, SON, PVN, among others. AMYG, amygdala; ACTH, adrenocorticotropin; DRG, dorsal root ganglion; HPA, hypothalamic–
pituitary–adrenal; LC, locus coeruleus; NAc, nucleus accumbens; NTS, nucleus of the solitary tract; PVN, paraventricular nucleus; RN, raphe nucleus; 
SON, supraoptic nucleus; VTA, ventral tegmental area.
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FIGURE 4

Visual acuity of dairy cattle and its effect on the flight zone.

that experience fear increase the amount of residual milk due to the 
decrease in oxytocin secretion (177, 178). Thus, a negative HAR due 
to aversive handling during milking or herding using shouting or 
hitting could have a consequence on animal’s status.

Fear is a negative emotion that causes aversive physiological and 
behavioral changes, impairing the mental and physical health of cattle 
(179). It is behaviorally characterized by flight or freezing responses 
and can arise as a result of routine procedures such as preventive 
medicine, weighing, ear tagging, castration, dehorning, milking, and 
daily interaction with humans (98). Additionally, high intensity 
auditory, tactile, or visual stimuli are a common cause of fear (141).

Handler behavior such as shouting or an aggressive approaching 
to animals can be a major source of stress to cattle (70, 179). Human 
events such as jerky or abrupt movements, chasing animals, shouting, 
or prodding are all fear-inducing. These negative interactions simulate 
danger signals from a predator, establishing an association between 
humans, certain events, and fear (10).

Fear towards the stockperson or handler during a handling 
situation is usually assessed through escape-avoidance responses, or 
AD (180, 181). The AD is closely related to the flight zone, known as 
the distance, where a human can approach the animal before it moves 
away (182). When the handler or stockperson enters the flight zone, 
the animal will instinctively move away. In contrast, animals will stop 
moving when humans walk out from their flight zone (183). Working 
at the edge of the flight zone considers the 330° of vision of cattle and 
their region of best visual acuity at 130° to facilitate animal 
mobilization and handling. These characteristics are schematized in 
Figure 4, where considering the wide vision of cattle and the edge of 
the flight zone, handlers can take positions to facilitate the movement 
of the animals (at 45°) or to stop them (at 60°) (182, 184).

AD and flight zone depends on the species, breed, individual 
temperament, and previous experiences of animals. Hence, AD 
is a common method used to evaluate the quality and valence of 
HAR. Grandin (138) mentions that animals raised extensively can 
have a flight distance of up to 30 m, contrarily to cows reared in 
feedlot and dairy systems, where the animals tolerate human 
approach around 0 to 7.61 m. Nonetheless, training animals to 
become accustomed to human presence to reduce agitation, stress 
and fear (185). In particular, Murphey et al. (186) determined 
that Bos indicus cattle had higher flight distances (rank of up to 
21), particularly Guzerat beef cattle, animals that were described 
as unapproachable by humans.

Gentle handling has been proposed as a strategy to improve 
HAR and reduce AD (17). In this sense, Probst et  al. (187) 
evaluated 27 Limousin crossbred cattle exposed to gentle 
touching during 10 min for three non-consecutive days for 
10 min. When considering voluntary approaches, the AV of 
enriched animals was significantly smaller compared to the 
control animals. Moreover, these animals reduced the frequency 
of avoidance behavior in the stunning box and their cortisol 
levels decreased, concluding that gentle and early interaction 
with humans reduces the level of fear. In other studies, gently 
handling completely prevented escape attempts in Bos indicus 
crossed beef calves, in contrast to non-handled animals, in whom 
30% of attempts where observed (17). Likewise, aggressive 
behaviors were reduced to 5% and an interesting finding was that 
gently handled calves spent more time looking at the handler 
(33.63 ± 13.26 s), traits that suggest that habituation to handling 
even in Bos indicus animals can help to minimize the reactivity 
attributed to the species (17).
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Stock people’s attitude is also important to reduce the level of fear 
that cattle might experience. In this way, positive attitudes aiming at 
gentle handling of the animals might help to establish an association 
between human presence and rewarding interactions (188, 189). 
Moreover, as shown in Bos taurus cattle, the implementation of tactile 
stimulation might improve management and reduce the fear 
associated with routine practices (4). On the other hand, an additional 
alternative is what was mentioned by Grignard et al. (190) that not 
only empathy and the type of management can exclusively influence 
the behavioral response, but the social environment can also affect the 
behavioral response during handling.

6 Future directions and strategies to 
promote positive human-animal 
interactions

Current farmers and animal handlers are aware of the 
importance of a positive HAR (191, 192). It has been reported 
that 21% of farmers believe that HAR generates fear in animals 
and this can affect productivity (61, 62). However, whilst there is 
some research, further research is needed to determine the 
impact of training and empathy level of the farmers on the level 
of fear that the animals show during handling. Additionally a 
factor that has been hypothesized but not fully explored is the 
relationship between the level of pain perceived by animals and 
negative interactions between stockpersons and animals (191–
193), since fear can alter the pain threshold or might sensitize 
animals to pain, known as stress-induced hyperalgesia.

It is known that lateralization is widespread among livestock 
species, and can be defined as those behaviors including motor, sensory 
and cognition responses that are consistently biased to one side of the 
body (194). Future research should explore the methodological 
integration of laterality with ethological approaches for the evaluation 
of cow welfare during milking, allowing the generation of strategies to 
provide animals with choice around this, particularly in indicus breeds. 
This may give rise to technological interventions to ‘funnel’ animals to 
their preferred side through automation with consequent benefits for 
production, and animal welfare as well as human health and safety (195, 
196). Provide housing and handling facilities where dairy cattle can 
be easily handled and moved can also prevent negative HAR and the use 
of aversive methods such as hitting them with sticks, prods, slaps, or 
shouting to move animals (109, 191, 192). When designing dairy cattle 
facilities, is essential to study the behavior of animals to provide 
adequate and safe environments for the animals that will also 
be reflected as positive HAR (110, 191, 192, 197).

Complementary techniques to evaluate fear-responses are part of the 
current precision livestock farming. For example, Stewart et al. (198) 
assessed exit speed and its effect of the ocular surface temperature in 
crossbred heifers subjected to two treatments: being hit with a plastic tube 
and being startled by a sudden movement of a plastic bag. The authors 
found that eye temperature decreased after both events at 20 and 40 s. This 
study did not only show that aversive practices elicit fear and can have 
physiological consequences for the animals, but also shows that infrared 
thermography could be applied to evaluate the welfare of dairy livestock.

Training in gentle handling has been shown to significantly decrease 
the incidence of handler injury (199). Positive reinforcement training 
also has benefits, leading to reduced avoidance behaviors when 

subjected to a subcutaneous injection, and consequently improving 
animal welfare and personnel safety (200). Finally, it is important to 
consider that high animal productivity is not always an indicator of 
welfare, and a multi-faceted assessment approach is required (191, 192, 
197). Giving options and certain control of the situation to dairy cattle 
might be another way to improve the welfare of dairy animals. Dairy 
cattle generate preferences for entering the milking parlor and milking 
place, and when they are prevented from doing so as a result of excessive 
handling, inadequate milking design, or poor human-animal 
interaction, effects on production and physiological parameters such as 
total milk yield and heart rate may be recorded (117, 155, 191, 201, 202).

Some other lines of research could focus on new animal-based 
indicators, the non-invasive and practical analysis of the reactions to 
aversive or painful stimuli such as injuries or diseases in Bos indicus 
cattle with both dairy and meat objectives. The direct relationship with 
human-animal interaction considering that this type of livestock usually 
presents less interaction throughout its life with its handlers, for which 
monitoring of postures and facial expressions (203) during the post-
castration or dehorning pain process, it would be  very useful for 
identifying preventive and therapeutic measures to modify or 
implement (204). In addition to this, another line of research related to 
the physical health domain could be inclined towards the establishment 
of normal thermal parameters in various thermal windows (205) or 
anatomical regions (e.g., mammary gland) through the use of 
non-invasive tools such as infrared thermography (206) and its 
application during routine milking practices and activities where 
human-animal interaction is observed, analyzing, for example, the effect 
of the type of handler on the rates and prevalence of mastitis in Bos 
indicus cattle (207).

7 Conclusion

The literature shows that the temperament of Bos indicus cattle is 
determined not only by the genotype but also by interaction with the 
human environment. Therefore, it is essential to promote positive 
HAR when handling these breeds because Bos indicus animals are 
prone to be  more reactive than Bos taurus, increasing the risk of 
eliciting negative physiological, endocrine, and behavioral responses 
(i.e., escaping attempts, fearfulness, or aggression), thus, increasing 
accident risk for both animals and handlers. The use of tactile stimulus 
or auditory stimulation are strategies that could help improve the 
HAR in both dairy and beef systems with Bos indicus animals.

Author contributions

DM-R: Conceptualization, Supervision, Writing – original draft, 
Writing – review & editing. AW: Supervision, Writing – original draft, 
Writing – review & editing. AS: Conceptualization, Writing – original 
draft, Writing – review & editing. AO: Supervision, Writing – original 
draft, Writing – review & editing. AD-O: Supervision, Writing – 
original draft, Writing – review & editing. PM-M: Supervision, 
Writing – original draft. AÁ-M: Supervision, Writing – original draft. 
IH-A: Supervision, Writing – original draft. AO-H: Supervision, 
Writing – original draft. BR-S: Supervision, Visualization, Writing – 
original draft. TG: Conceptualization, Supervision, Writing – original 
draft, Writing – review & editing.

https://doi.org/10.3389/fvets.2024.1456120
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Mota-Rojas et al. 10.3389/fvets.2024.1456120

Frontiers in Veterinary Science 14 frontiersin.org

Funding

The author(s) declare that no financial support was r 
eceived for the research, authorship, and/or publication of 
this article.

Conflict of interest

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

The author(s) declared that they were an editorial board 
member of Frontiers, at the time of submission. This had no 
impact on the peer review process and the final decision.

Publisher’s note

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

References
 1. Rushen J, Passillé AM d. The importance of good stockmanship and its benefits to 

animals In: T Grandin, editor. Improving animal welfare: A practical approach. 
Wallingford: CAB International (2010)

 2. Grandin T. The visual, auditory, and physical environment of livestock handling 
facilities and its effect on ease of movement of cattle, pigs, and sheep. Front Anim Sci. 
(2021) 2:744207. doi: 10.3389/fanim.2021.744207

 3. Ebinghaus A, Knierim U, Simantke C, Palme R, Ivemeyer S. Fecal cortisol 
metabolites in dairy cows: a cross-sectional exploration of associations with animal, 
stockperson, and farm characteristics. Animals. (2020) 10:1787. doi: 10.3390/
ani10101787

 4. Shahin M. The effects of positive human contact by tactile stimulation on dairy 
cows with different personalities. Appl Anim Behav Sci. (2018) 204:23–8. doi: 10.1016/j.
applanim.2018.04.004

 5. Coleman G, Hemsworth PH. Training to improve stockperson beliefs and 
behaviour towards livestock enhances welfare and productivity. Rev Sci Tech l’OIE. 
(2014) 33:131–7. doi: 10.20506/rst.33.1.2257

 6. Mellor DJ, Beausoleil NJ, Littlewood KE, McLean AN, McGreevy PD, Jones B, et al. 
The 2020 five domains model: including human-animal interactions in assessments of 
animal welfare. Animals. (2020) 10:1870. doi: 10.3390/ani10101870

 7. Grandin T. Practical application of the five domains animal welfare framework for 
supply food animal chain managers. Animals. (2022) 12:2831. doi: 10.3390/ani12202831

 8. Hanna D, Sneddon IA, Beattie VE, Breuer K. Effects of the stockperson on dairy 
cow behaviour and milk yield. Anim Sci. (2006) 82:791–7. doi: 10.1017/ASC2006092

 9. Grandin T. How to improve livestock handling and reduce stress In: T Grandin, 
editor. Improving animal welfare: A practical approach. Wallingford: CABI (2015)

 10. Grandin T. Assessment of stress during handling and transport. J Anim Sci. (1997) 
75:249. doi: 10.2527/1997.751249x

 11. Stricklin W, Heisler C, Wilson L. Heritability of temperament in beef cattle. J Anim 
Sci. (1980) 51:109.

 12. Sebastian T, Watts J, Stookey J, Buchanan F, Waldner C. Temperament in beef 
cattle: methods of measurement and their relationship to production. Can J Anim Sci. 
(2011) 91:557–65. doi: 10.4141/cjas2010-041

 13. Hearnshaw H, Morris C. Genetic and environmental effects on a temperament 
score in beef cattle. Aust J Agric Res. (1984) 35:723. doi: 10.1071/AR9840723

 14. León-Llanos LM, Flórez-Díaz H, Duque-Muñoz LG, Villarroel M, Miranda-de la 
Lama GC. Influence of temperament on performance and carcass quality of commercial 
Brahman steers in a Colombian tropical grazing system. Meat Sci. (2022) 191:108867. 
doi: 10.1016/j.meatsci.2022.108867

 15. Cooke RF, Daigle CL, Moriel P, Smith SB, Tedeschi LO, Vendramini JMB. Cattle 
adapted to tropical and subtropical environments: social, nutritional, and carcass quality 
considerations. J Anim Sci. (2020) 98:skaa014. doi: 10.1093/jas/skaa014

 16. Cooke RF. Temperament and acclimation to human handling influence growth, 
health, and reproductive responses in Bos taurus and Bos indicus cattle. J Anim Sci. 
(2014) 92:5325–33. doi: 10.2527/jas.2014-8017

 17. Becker BG, Lobato JP. Effect of gentle handling on the reactivity of zebu crossed 
calves to humans. Appl Anim Behav Sci. (1997) 53:219–24. doi: 10.1016/
S0168-1591(96)01091-X

 18. Ujita A, Ribeiro Vicentini R, Pereira Lima ML, Negrão JA, de Oliveira FL, Penido 
Oliveira A, et al. Improvements in the behaviour of Gir dairy cows after training with 
brushing. J Appl Anim Res. (2020) 48:184–91. doi: 10.1080/09712119.2020.1754217

 19. Hearnshaw H, Barlow R, Want G. Development of a “temperament” or “handling 
difficulty” score for cattle. Aust J Agric Res. (1979) 1:164–6.

 20. Brandão AP, Cooke RF. Effects of temperament on the reproduction of beef cattle. 
Animals. (2021) 11:3325. doi: 10.3390/ani11113325

 21. Burdick NC, Randel RD, Carroll JA, Welsh TH. Interactions between temperament, 
stress, and immune function in cattle. Int J Zool. (2011) 2011:1–9. doi: 
10.1155/2011/373197

 22. Fordyce G, Dodt R, Wythes J. Cattle temperaments in extensive beef herds in 
northern Queensland. 1. Factors affecting temperament. Aust J Exp Agric. (1988) 28:683. 
doi: 10.1071/EA9880683

 23. Freitas ADP, Lima MLP, Simili FF, Negrão JA, Schenkel FS, De Paz CCP. Influence 
of handling in corrals on the temperament of different breeds of beef cattle raised in 
Brazil. J Anim Sci. (2023) 101:skad300. doi: 10.1093/jas/skad300

 24. Piovezan U, Cyrillo JNDSG, Costa MJRPD. Breed and selection line differences in 
the temperament of beef cattle. Acta Sci Anim Sci. (2013) 35:1–6. doi: 10.4025/
actascianimsci.v35i2.16426

 25. Fordyce G, Goddard M, Tyler R, Williams G, Toleman M. Temperament and 
bruising of Bos indicus cross cattle. Aust J Exp Agric. (1985) 25:283. doi: 10.1071/
EA9850283

 26. Vitorino A, Stilwell G, Pais J, Carolino N. Evaluation of chute exit, novelty and 
human approach tests in Mertolenga beef cattle. Animals. (2023) 13:1087. doi: 10.3390/
ani13061087

 27. Slayi M. Avoidance-related behavioral and blood-based physiological responses of 
Nguni and Boran cattle subjected to routine handling activities post relocation. Front 
Vet Sci. (2023) 10:1188505. doi: 10.3389/fvets.2023.1188505

 28. Olson CA, Carstens GE, Herring AD, Hale DS, Kayser WC, Miller RK. Effects of 
temperament at feedlot arrival and breed type on growth efficiency, feeding behavior, 
and carcass value in finishing heifers. J Anim Sci. (2019) 97:1828–39. doi: 10.1093/jas/
skz029

 29. Voisinet B, Grandin T, Tatum J, O’Connor S, Struthers J. Feedlot cattle with calm 
temperaments have higher average daily gains than cattle with excitable temperaments. 
J Anim Sci. (1997) 75:892–6. doi: 10.2527/1997.754892x

 30. Voisinet BD, Grandin T, O’Connor SF, Tatum JD, Deesing MJ. Bos indicus-cross 
feedlot cattle with excitable temperaments have tougher meat and a higher incidence of 
borderline dark cutters. Meat Sci. (1997) 46:367–77. doi: 10.1016/S0309-1740(97)00031-4

 31. Cooke RF, Moriel P, Cappellozza BI, Miranda VFB, Batista LFD, Colombo EA, 
et al. Effects of temperament on growth, plasma cortisol concentrations and puberty 
attainment in Nelore beef heifers. Animal. (2019) 13:1208–13. doi: 10.1017/
S1751731118002628

 32. Jaśkowski JM, Jaśkowski BM, Herudzińska M, Tul O, Ciorga M. Contemporary 
knowledge on the assessment of temperament in cattle and its impact on production 
and reproduction including some immunological, genetic and metabolic parameters. 
Animals. (2023) 13:1944. doi: 10.3390/ani13121944

 33. Fernandez-Novo A, Pérez-Garnelo SS, Villagrá A, Pérez-Villalobos N, Astiz S. The 
effect of stress on reproduction and reproductive Technologies in Beef Cattle—a Review. 
Animals. (2020) 10:2096. doi: 10.3390/ani10112096

 34. de Oliveira D, Keeling LJ. Routine activities and emotion in the life of dairy cows: 
integrating body language into an affective state framework. PLoS One. (2018) 
13:e0195674. doi: 10.1371/journal.pone.0195674

 35. Solano J, Galindo F, Orihuela A, Galina CS. The effect of social rank on the 
physiological response during repeated stressful handling in zebu cattle (Bos indicus). 
Physiol Behav. (2004) 82:679–83. doi: 10.1016/j.physbeh.2004.06.005

 36. Olmos G, Turner SP. The relationships between temperament during routine 
handling tasks, weight gain and facial hair whorl position in frequently handled beef 
cattle. Appl Anim Behav Sci. (2008) 115:25–36. doi: 10.1016/j.applanim.2008.05.001

https://doi.org/10.3389/fvets.2024.1456120
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.3389/fanim.2021.744207
https://doi.org/10.3390/ani10101787
https://doi.org/10.3390/ani10101787
https://doi.org/10.1016/j.applanim.2018.04.004
https://doi.org/10.1016/j.applanim.2018.04.004
https://doi.org/10.20506/rst.33.1.2257
https://doi.org/10.3390/ani10101870
https://doi.org/10.3390/ani12202831
https://doi.org/10.1017/ASC2006092
https://doi.org/10.2527/1997.751249x
https://doi.org/10.4141/cjas2010-041
https://doi.org/10.1071/AR9840723
https://doi.org/10.1016/j.meatsci.2022.108867
https://doi.org/10.1093/jas/skaa014
https://doi.org/10.2527/jas.2014-8017
https://doi.org/10.1016/S0168-1591(96)01091-X
https://doi.org/10.1016/S0168-1591(96)01091-X
https://doi.org/10.1080/09712119.2020.1754217
https://doi.org/10.3390/ani11113325
https://doi.org/10.1155/2011/373197
https://doi.org/10.1071/EA9880683
https://doi.org/10.1093/jas/skad300
https://doi.org/10.4025/actascianimsci.v35i2.16426
https://doi.org/10.4025/actascianimsci.v35i2.16426
https://doi.org/10.1071/EA9850283
https://doi.org/10.1071/EA9850283
https://doi.org/10.3390/ani13061087
https://doi.org/10.3390/ani13061087
https://doi.org/10.3389/fvets.2023.1188505
https://doi.org/10.1093/jas/skz029
https://doi.org/10.1093/jas/skz029
https://doi.org/10.2527/1997.754892x
https://doi.org/10.1016/S0309-1740(97)00031-4
https://doi.org/10.1017/S1751731118002628
https://doi.org/10.1017/S1751731118002628
https://doi.org/10.3390/ani13121944
https://doi.org/10.3390/ani10112096
https://doi.org/10.1371/journal.pone.0195674
https://doi.org/10.1016/j.physbeh.2004.06.005
https://doi.org/10.1016/j.applanim.2008.05.001


Mota-Rojas et al. 10.3389/fvets.2024.1456120

Frontiers in Veterinary Science 15 frontiersin.org

 37. Mello BP, Maturana Filho M, Lemes KM, Gonçalvez RL, Lollato JPM, Zanella 
AJ, et al. Importance of temperament in the pregnancy by timed insemination in 
bovine females Bos taurus indicus. Livest Sci. (2020) 240:104104. doi: 10.1016/j.
livsci.2020.104104

 38. Rueda PM, Sant Anna AC, Valente TS, Paranhos da Costa MJR. Impact of the 
temperament of Nellore cows on the quality of handling and pregnancy rates in 
fixed-time artificial insemination. Livest Sci. (2015) 177:189–95. doi: 10.1016/j.
livsci.2015.04.021

 39. Braga JS, Faucitano L, Macitelli F, Sant Anna AC, Méthot S, Paranhos Da Costa 
MJR. Temperament effects on performance and adaptability of Nellore young bulls 
to the feedlot environment. Livest Sci. (2018) 216:88–93. doi: 10.1016/j.
livsci.2018.07.009

 40. Freitas AP, Lima MLP, Simili FF, Schenkel FS, Faro LE, Santana ML, et al. 
Genetic parameters for behavioral and growth traits of Nellore cattle. J Anim Sci. 
(2023) 101:skad280. doi: 10.1093/jas/skad280

 41. Paredes-Sánchez FA, Sifuentes-Rincón AM, Casas E, Arellano-Vera W, Parra-
Bracamonte GM, Riley DG, et al. Novel genes involved in the genetic architecture 
of temperament in Brahman cattle. PLoS One. (2020) 15:e0237825. doi: 10.1371/
journal.pone.0237825

 42. Titterington FM, Knox R, Morrison SJ, Shirali M. Behavioural traits in Bos 
taurus cattle, their heritability, potential genetic markers, and associations with 
production traits. Animals. (2022) 12:2602. doi: 10.3390/ani12192602

 43. Francisco CL, Resende FD, Benatti JMB, Castilhos AM, Cooke RF, Jorge AM. 
Impacts of temperament on Nellore cattle: physiological responses, feedlot 
performance, and carcass characteristics1. J Anim Sci. (2015) 93:5419–29. doi: 
10.2527/jas.2015-9411

 44. Burrow HM, Dillon RD. Relationships between temperament and growth in a 
feedlot and commercial carcass traits of Bos indicus crossbreds. Aust J Exp Agric. 
(1997) 37:407. doi: 10.1071/EA96148

 45. Fordyce G, Goddard ME. Maternal influence on the temperament of Bos 
indicus cross cows. Proc Aust Soc Anim Prod. (1984) 15:345–8.

 46. Müller R, von Keyserlingk MAG. Consistency of flight speed and its correlation 
to productivity and to personality in Bos taurus beef cattle. Appl Anim Behav Sci. 
(2006) 99:193–204. doi: 10.1016/j.applanim.2005.05.012

 47. Sharma P. Avoidance distance in sheltered cows and its association with other 
welfare parameters. Animals. (2019) 9:396. doi: 10.3390/ani9070396

 48. Sant Anna AC, Valente TDS , Magalhães AFB, Espigolan R, Ceballos MC, De 
Albuquerque LG, et al. Relationships between temperament, meat quality, and 
carcass traits in Nellore cattle1. J Anim Sci. (2019) 97:4721–31. doi: 10.1093/jas/
skz324

 49. Cafe LM, Robinson DL, Ferguson DM, McIntyre BL, Geesink GH, Greenwood 
PL. Cattle temperament: persistence of assessments and associations with 
productivity, efficiency, carcass and meat quality traits1. J Anim Sci. (2011) 
89:1452–65. doi: 10.2527/jas.2010-3304

 50. Gellatly D, Cyrillo JNSG, Sant Anna AC, Valente TS, Schwartzkopf-Genswein 
K, Paranhos Da Costa MJR. Flight speed as an indicator of zebu cattle growth 
performance and suitability to the feedlot environment. Anim Prod Sci. (2020) 
60:560. doi: 10.1071/AN18785

 51. Johnson DD, Huffman RD, Williams SE, Hargrove DD. Effects of percentage 
Brahman and Angus breeding, age-season of feeding and slaughter end point on 
meat palatability and muscle characteristics. J Anim Sci. (1990) 68:1980–6. doi: 
10.2527/1990.6871980x

 52. Kabuga JD, Appiah P. A note on the ease of handling and flight distance of Bos 
indicus, Bos taurus and their crossbreds. Anim Sci. (1992) 54:309–11. doi: 10.1017/
S0003356100036953

 53. Golovan VT, Osepchuk DV, Yurin DA. Effect of nervous activities on milk flow 
process in cows. J Livest Sci. (2022) 13:25. doi: 10.33259/JLivestSci.2022.25-32

 54. Cooke RF, Schubach KM, Marques RS, Peres RFG, Silva LGT, Carvalho RS, 
et al. Effects of temperament on physiological, productive, and reproductive 
responses in beef cows. J Anim Sci. (2017) 95:1. doi: 10.2527/jas2016.1098

 55. Titto EAL, Titto CG, Gatto EG, Noronha CMS, Mourão GB, Filho JCMN, 
et al. Reactivity of Nellore steers in two feedlot housing systems and its relationship 
with plasmatic cortisol. Livest Sci. (2010) 129:146–50. doi: 10.1016/j.
livsci.2010.01.017

 56. Tirloni RR, Rocha FA, Lourenço FJ, Martins LR. Influence of low-stress handling 
on reactivity score and pregnancy rate during fixed-time artificial insemination in 
Nellore cows. Rev Bras Zootec. (2013) 42:471–4. doi: 10.1590/S1516-35982013000700002

 57. Grandin T, Shivley C. How farm animals react and perceive stressful situations 
such as handling, restraint, and transport. Animals. (2015) 5:1233–51. doi: 10.3390/
ani5040409

 58. Sato S, Shiki H, Yamasaki F. The effects of early caressing on later tractability of 
calves. Jpn J Zootech Sci. (1984) 55:332–8. doi: 10.2508/chikusan.55.332

 59. Boissy A, Bouissou M-F. Effects of early handling on heifers’ subsequent reactivity 
to humans and to unfamiliar situations. Appl Anim Behav Sci. (1988) 20:259–73. doi: 
10.1016/0168-1591(88)90051-2

 60. Silva LP, Sant Anna AC, Silva LCM, Paranhos Da Costa MJR. Long-term effects of 
good handling practices during the pre-weaning period of crossbred dairy heifer calves. 
Trop Anim Health Prod. (2017) 49:153–62. doi: 10.1007/s11250-016-1174-7

 61. Bertenshaw C, Rowlinson P. Exploring stock managers’ perceptions of the 
human—animal relationship on dairy farms and an association with milk production. 
Anthrozoös. (2009) 22:59–69. doi: 10.2752/175303708X390473

 62. Mersmann D, Schmied-Wagner C, Waiblinger S. The relationships between 
attitudes, personal characteristics and behaviour of stockpeople on dairy goat farms. 
Anim Welf. (2022) 31:529–44. doi: 10.7120/09627286.31.4.003

 63. Willson DW, Baier FS, Grandin T. An observational field study on the effects of 
changes in shadow contrasts and noise on cattle movement in a small abattoir. Meat Sci. 
(2021) 179:108539. doi: 10.1016/j.meatsci.2021.108539

 64. Strappini AC, Metz JHM, Gallo C, Frankena K, Vargas R, de Freslon I, et al. Bruises 
in culled cows: when, where and how are they inflicted? Animal. (2013) 7:485–91. doi: 
10.1017/S1751731112001863

 65. De Boyer Des Roches A, Faure M, Lussert A, Herry V, Rainard P, Durand D, et al. 
Behavioral and patho-physiological response as possible signs of pain in dairy cows 
during Escherichia coli mastitis: a pilot study. J Dairy Sci. (2017) 100:8385–97. doi: 
10.3168/jds.2017-12796

 66. Pinillos RG, Appleby MCM, Manteca X, Scott-Park F, Smith C, Velarde A. One 
welfare - a platform for improving human and animal welfare. Vet Rec. (2016) 179:412–3. 
doi: 10.1136/vr.i5470

 67. Pereira H, Auriclécia S, De Oliveira L, Guilherme A, Gonçalves AM, Felipe Aiura 
S, et al. Behavioral and physiological responses of crossbred Holstein-zebu cows and 
their interaction with the milker in two milking systems. J Anim Behav Biometeorol. 
(2019) 7:1–5. doi: 10.31893/2318-1265jabb.v7n1p1-5

 68. Breuer K, Hemsworth PH, Barnett JL, Matthews LR, Coleman GJ. Behavioural 
response to humans and the productivity of commercial dairy cows. Appl Anim Behav 
Sci. (2000) 66:273–88. doi: 10.1016/S0168-1591(99)00097-0

 69. Rushen J, de Passillé AMB, Munksgaard L. Fear of people by cows and effects on 
milk yield, behavior, and heart rate at milking. J Dairy Sci. (1999) 82:720–7. doi: 10.3168/
jds.S0022-0302(99)75289-6

 70. Hemsworth PH, Coleman GJ, Barnett JL, Borg S. Relationships between human-
animal interactions and productivity of commercial dairy cows. J Anim Sci. (2000) 
78:2821–31. doi: 10.2527/2000.78112821x

 71. Schmied C, Waiblinger S, Scharl T, Leisch F, Boivin X. Stroking of different body 
regions by a human: effects on behaviour and heart rate of dairy cows. Appl Anim Behav 
Sci. (2008) 109:25–38. doi: 10.1016/j.applanim.2007.01.013

 72. Schmied C, Boivin X, Scala S, Waiblinger S. Effect of previous stroking on 
reactions to a veterinary procedure. Interact Stud Soc Behav Commun Biol Artif Syst. 
(2010) 11:467–81. doi: 10.1075/is.11.3.08sch

 73. Windschnurer I, Barth K, Waiblinger S. Can stroking during milking decrease 
avoidance distances of cows towards humans? Anim Welf. (2009) 18:507–13. doi: 
10.1017/S0962728600000920

 74. Boissy A, Manteuffel G, Jensen MB, Moe RO, Spruijt B, Keeling LJ, et al. 
Assessment of positive emotions in animals to improve their welfare. Physiol Behav. 
(2007) 92:375–97. doi: 10.1016/j.physbeh.2007.02.003

 75. Hemsworth P. Human–animal interactions in livestock production. Appl Anim 
Behav Sci. (2003) 81:185–98. doi: 10.1016/S0168-1591(02)00280-0

 76. Hemsworth PH, Coleman GJ. Human-livestock interactions: The stockperson and 
the productivity and Welfare of intensively farmed animals. Human-animal interactions 
and animal productivity and welfare. Wallingford: CABI (2011).

 77. Rault J-L, Waiblinger S, Boivin X, Hemsworth P. The power of a positive human–
animal relationship for animal welfare. Front Vet Sci. (2020) 7:1–13. doi: 10.3389/
fvets.2020.590867

 78. Koenneker K, Schulze M, Pieper L, Jung M, Schmicke M, Beyer F. Comparative 
assessment of the stress response of cattle to common dairy management practices. 
Animals. (2023) 13:2115. doi: 10.3390/ani13132115

 79. Battini M, Agostini A, Mattiello S. Understanding cows’ emotions on farm: are eye 
white and ear posture reliable indicators? Animals. (2019) 9:477. doi: 10.3390/
ani9080477

 80. Lange A, Waiblinger S, Heinke A, Barth K, Futschik A, Lürzel S. Gentle 
interactions with restrained and freemoving cows: effects on the improvement of the 
animal-human relationship. PLoS One. (2020) 15:e0242873. doi: 10.1371/journal.
pone.0242873

 81. Crouch K, Evans B, Motrose V. The effects of auditory enrichment on the 
behaviour of dairy cows (Bos taurus). British Society of Animal Science Annual 
Conference 2019  - Edinburgh International Conference Centre, Edinburgh, 
United Kingdom (2019).

 82. Pol F, Kling-Eveillard F, Champigneulle F, Fresnay E, Ducrocq M, Courboulay V. 
Human–animal relationship influences husbandry practices, animal welfare and productivity 
in pig farming. Animal. (2021) 15:100103. doi: 10.1016/j.animal.2020.100103

 83. Mellor D. Operational details of the five domains model and its key applications 
to the assessment and Management of Animal Welfare. Animals. (2017) 7:60. doi: 
10.3390/ani7080060

https://doi.org/10.3389/fvets.2024.1456120
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.livsci.2020.104104
https://doi.org/10.1016/j.livsci.2020.104104
https://doi.org/10.1016/j.livsci.2015.04.021
https://doi.org/10.1016/j.livsci.2015.04.021
https://doi.org/10.1016/j.livsci.2018.07.009
https://doi.org/10.1016/j.livsci.2018.07.009
https://doi.org/10.1093/jas/skad280
https://doi.org/10.1371/journal.pone.0237825
https://doi.org/10.1371/journal.pone.0237825
https://doi.org/10.3390/ani12192602
https://doi.org/10.2527/jas.2015-9411
https://doi.org/10.1071/EA96148
https://doi.org/10.1016/j.applanim.2005.05.012
https://doi.org/10.3390/ani9070396
https://doi.org/10.1093/jas/skz324
https://doi.org/10.1093/jas/skz324
https://doi.org/10.2527/jas.2010-3304
https://doi.org/10.1071/AN18785
https://doi.org/10.2527/1990.6871980x
https://doi.org/10.1017/S0003356100036953
https://doi.org/10.1017/S0003356100036953
https://doi.org/10.33259/JLivestSci.2022.25-32
https://doi.org/10.2527/jas2016.1098
https://doi.org/10.1016/j.livsci.2010.01.017
https://doi.org/10.1016/j.livsci.2010.01.017
https://doi.org/10.1590/S1516-35982013000700002
https://doi.org/10.3390/ani5040409
https://doi.org/10.3390/ani5040409
https://doi.org/10.2508/chikusan.55.332
https://doi.org/10.1016/0168-1591(88)90051-2
https://doi.org/10.1007/s11250-016-1174-7
https://doi.org/10.2752/175303708X390473
https://doi.org/10.7120/09627286.31.4.003
https://doi.org/10.1016/j.meatsci.2021.108539
https://doi.org/10.1017/S1751731112001863
https://doi.org/10.3168/jds.2017-12796
https://doi.org/10.1136/vr.i5470
https://doi.org/10.31893/2318-1265jabb.v7n1p1-5
https://doi.org/10.1016/S0168-1591(99)00097-0
https://doi.org/10.3168/jds.S0022-0302(99)75289-6
https://doi.org/10.3168/jds.S0022-0302(99)75289-6
https://doi.org/10.2527/2000.78112821x
https://doi.org/10.1016/j.applanim.2007.01.013
https://doi.org/10.1075/is.11.3.08sch
https://doi.org/10.1017/S0962728600000920
https://doi.org/10.1016/j.physbeh.2007.02.003
https://doi.org/10.1016/S0168-1591(02)00280-0
https://doi.org/10.3389/fvets.2020.590867
https://doi.org/10.3389/fvets.2020.590867
https://doi.org/10.3390/ani13132115
https://doi.org/10.3390/ani9080477
https://doi.org/10.3390/ani9080477
https://doi.org/10.1371/journal.pone.0242873
https://doi.org/10.1371/journal.pone.0242873
https://doi.org/10.1016/j.animal.2020.100103
https://doi.org/10.3390/ani7080060


Mota-Rojas et al. 10.3389/fvets.2024.1456120

Frontiers in Veterinary Science 16 frontiersin.org

 84. Mullins IL, Truman CM, Campler MR, Bewley JM, Costa JHC. Validation of a 
commercial automated body condition scoring system on a commercial dairy farm. 
Animals. (2019) 9:287. doi: 10.3390/ani9060287

 85. Ferguson JD, Galligan DT, Thomsen N. Principal descriptors of body condition 
score in Holstein cows. J Dairy Sci. (1994) 77:2695–703. doi: 10.3168/jds.
S0022-0302(94)77212-X

 86. Wildman EE, Jones GM, Wagner PE, Boman RL, Troutt HF, Lesch TN. A dairy 
cow body condition scoring system and its relationship to selected production 
characteristics. J Dairy Sci. (1982) 65:495–501. doi: 10.3168/jds.S0022-0302(82)82223-6

 87. Baszczak JA, Grandin T, Gruber SL, Engle TE, Platter WJ, Laudert SB, et al. Effects 
of ractopamine supplementation on behavior of British, continental, and Brahman 
crossbred steers during routine handling. J Anim Sci. (2006) 84:3410–4. doi: 10.2527/
jas.2006-167

 88. Grandin T, Velarde A, Strappini A, Gerritzen M, Ghezzi M, Martínez-Burnes J, 
et al. Slaughtering of water Buffalo (Bubalus bubalis) with and without stunning: a focus 
on the neurobiology of pain, hyperalgesia, and sensitization. Animals. (2023) 13:2406. 
doi: 10.3390/ani13152406

 89. José-Pérez N, Mota-Rojas D, Ghezzi MD, Rosmini MR, Mora-Medina P, Bertoni 
A, et al. Effects of transport on water buffaloes (Bubalus bubalis): factors associated with 
the frequency of skin injuries and meat quality. J Anim Behav Biometeorol. (2022) 
10:2216. doi: 10.31893/jabb.22016

 90. Carrasco-García AA, Pardío-Sedas VT, León-Banda GG, Ahuja-Aguirre C, 
Paredes-Ramos P, Hernández-Cruz BC, et al. Effect of stress during slaughter on carcass 
characteristics and meat quality in tropical beef cattle. Asian-Australasian J Anim Sci. 
(2020) 33:1656–65. doi: 10.5713/ajas.19.0804

 91. Phillips C. Environmental perception and cognition In: C Phillips, editor. Cattle 
Behaviour & Welfare. Malden, MA: Blackwell Science (2002)

 92. Grandin T. Pig behavior studies applied to slaughter-plant design. Appl Anim 
Ethol. (1982) 9:141–51. doi: 10.1016/0304-3762(82)90190-0

 93. Grandin T. Cattle vocalizations are associated with handling and equipment 
problems at beef slaughter plants. Appl Anim Behav Sci. (2001) 71:191–201. doi: 10.1016/
S0168-1591(00)00179-9

 94. Grandin T. The design and construction of facilities for handling cattle. Livest Prod 
Sci. (1997) 49:103–19. doi: 10.1016/S0301-6226(97)00008-0

 95. Zavy MT, Juniewicz PE, Phillips WA, VonTungeln DL. Effect of initial restraint, 
weaning, and transport stress on baseline and ACTH-stimulated cortisol responses in 
beef calves of different genotypes. Am J Vet Res. (1992) 53:551–7.

 96. Grandin T. Answers to patient, student, and clinician questions about how animals 
are slaughtered and used for food. AMA J Ethics. (2023) 25:299–304. doi: 10.1001/
amajethics.2023.299

 97. Hemsworth PH, Sherwen SL, Coleman GJ. “Human contact,” Animal welfare. 
Wallingford: CAB International (2018).

 98. Acharya RY, Hemsworth PH, Coleman GJ, Kinder JE. The animal-human interface 
in farm animal production: animal fear, stress, reproduction and welfare. Animals. 
(2022) 12:487. doi: 10.3390/ani12040487

 99. Waiblinger S, Boivin X, Pedersen V, Tosi M-V, Janczak AM, Visser EK, et al. 
Assessing the human–animal relationship in farmed species: a critical review. Appl Anim 
Behav Sci. (2006) 101:185–242. doi: 10.1016/j.applanim.2006.02.001

 100. Temple D, Mainau E, Manteca X. Cow’s welfare during milking; practical note. 
London: FAWEC (2014).

 101. Lindahl C, Lundqvist P, Hagevoort GR, Lunner Kolstrup C, Douphrate DI, 
Pinzke S, et al. Occupational health and safety aspects of animal handling in dairy 
production. J Agromedicine. (2013) 18:274–83. doi: 10.1080/1059924X.2013.796906

 102. Grandin T. Livestock handling and transport. 4th ed. Wallingford: CABI (2014).

 103. Dantzer R, Mormède P. Stress in farm animals: a need for reevaluation. J Anim 
Sci. (1983) 57:6–18. doi: 10.2527/jas1983.5716

 104. Miller NE. Learning resistance to pain and fear: effects of overlearning, exposure, and 
rewarded exposure in context. J Exp Psychol. (1960) 60:137–45. doi: 10.1037/h0043321

 105. Mattiello S, Klotz C, Baroli D, Minero M, Ferrante V, Canali E. Welfare problems 
in alpine dairy cattle farms in alto Adige (eastern Italian Alps). Ital J Anim Sci. (2009) 
8:628–30. doi: 10.4081/ijas.2009.s2.628

 106. Miranda CO, Lima MLP, Filho AEV, Salles MSV, Simili FF, Negrão JA, et al. 
Benefits of tactile stimulation and environmental enrichment for the welfare of crossbred 
dairy calves. J Appl Anim Res. (2023) 51:130–6. doi: 10.1080/09712119.2022.2162531

 107. Lima MLP, Negrão JA, de Paz CCP, Grandin T. Minor corral changes and 
adoption of good handling practices can improve the behavior and reduce cortisol 
release in Nellore cows. Trop Anim Health Prod. (2018) 50:525–30. doi: 10.1007/
s11250-017-1463-9

 108. Stephens DB, Toner JN. Husbandry influences on some physiological parameters 
of emotional responses in calves. Appl Anim Ethol. (1975) 1:233–43. doi: 
10.1016/0304-3762(75)90016-4

 109. Lindahl C, Pinzke S, Herlin A, Keeling LJ. Human-animal interactions and safety 
during dairy cattle handling—comparing moving cows to milking and hoof trimming. 
J Dairy Sci. (2016) 99:2131–41. doi: 10.3168/jds.2014-9210

 110. Grandin T. Observations of cattle behavior applied to the design of cattle-
handling facilities. Appl Anim Ethol. (1980) 6:19–31. doi: 10.1016/0304-3762(80)90091-7

 111. Mendonça FS, Vaz RZ, Cardoso FF, Restle J, Vaz FN, Pascoal LL, et al. Pre-
slaughtering factors related to bruises on cattle carcasses. Anim Prod Sci. (2018) 58:385. 
doi: 10.1071/AN16177

 112. Vaz RZ, Silva HR, Ghedini CP, Lucas JD, Dutra MMM, Vaz FN, et al. Effects of 
animal type, handling, and transportation conditions on beef cattle temperament pre-
slaughter. Arq Bras Med Vet e Zootec. (2023) 75:735–43. doi: 10.1590/1678-4162-12904

 113. Romero MH, Uribe-Velásquez LF, Sánchez JA, Miranda-de la Lama GC. Risk 
factors influencing bruising and high muscle pH in Colombian cattle carcasses due to 
transport and pre-slaughter operations. Meat Sci. (2013) 95:256–63. doi: 10.1016/j.
meatsci.2013.05.014

 114. De Andrade EN, De Oliveira ROÇAR, Silva RAMS, Gonçalves HC, Pinheiro 
RSB. Prevalence of carcass bruising in cattle meat slaughtered in Pantanal, Mato Grosso 
do Sul state, after fluvial tranport. Cienc e Tecnol Aliment. (2008) 28:822–9. doi: 10.1590/
s0101-20612008000400010

 115. Vaz RZ, Mendonça FS, Bethancourt-Garcia JA, Vaz FN, Pascoal LL, Dutra 
MMM, et al. Probability and number of bruises in bovine carcasses according to animal 
type, handling and transport. Vet Res Commun. (2023) 47:1195–205. doi: 10.1007/
s11259-022-10054-1

 116. Stanger KJ, Ketheesan N, Parker AJ, Coleman CJ, Lazzaroni SM, Fitzpatrick LA. 
The effect of transportation on the immune status of Bos indicus steers1. J Anim Sci. 
(2005) 83:2632–6. doi: 10.2527/2005.83112632x

 117. Kumar A, Mandal DK. Order of entry at milking and its relationship with milk 
yield, udder health and milk composition in Jersey crossbred cows. Pharma Innov. 
(2022) 11:298–301.

 118. Zapata-Salas R, Guarín JF, Ríos-Osorio LA. Udder health, conceptual construct, 
and uses of the term: a systematic review from 1962 to 2019. Vet World. (2022) 
15:855–69. doi: 10.14202/vetworld.2022.855-869

 119. Fulwider WK, Grandin T, Rollin BE, Engle TE, Dalsted NL, Lamm WD. Survey 
of dairy management practices on one hundred thirteen north central and northeastern 
United States dairies. J Dairy Sci. (2008) 91:1686–92. doi: 10.3168/jds.2007-0631

 120. Ivemeyer S, Pisani M, Knierim U. Short-term ante-calving handling of dairy 
heifers in relation to heifers’ behaviour and udder health after parturition. Appl Anim 
Behav Sci. (2015) 171:33–8. doi: 10.1016/j.applanim.2015.08.022

 121. Seegers H, Fourichon C, Beaudeau F. Production effects related to mastitis and 
mastitis economics in dairy cattle herds. Vet Res. (2003) 34:475–91. doi: 10.1051/
vetres:2003027

 122. Yagi Y, Shiono H, Chikayama Y, Ohnuma A, Nakamura I, Yayou K-I. Transport 
stress increases somatic cell counts in Milk, and enhances the migration capacity of 
peripheral blood neutrophils of dairy cows. J Vet Med Sci. (2004) 66:381–7. doi: 10.1292/
jvms.66.381

 123. Marcato F, van den Brand H, Kemp B, Engel B, Wolthuis-Fillerup M, van 
Reenen K. Effects of pretransport diet, transport duration, and type of vehicle on 
physiological status of young veal calves. J Dairy Sci. (2020) 103:3505–20. doi: 
10.3168/jds.2019-17445

 124. Alhussien MN, Dang AK. Integrated effect of seasons and lactation stages on the 
plasma inflammatory cytokines, function and receptor expression of milk neutrophils 
in Sahiwal (Bos indicus) cows. Vet Immunol Immunopathol. (2017) 191:14–21. doi: 
10.1016/j.vetimm.2017.07.010

 125. Fesseha H, Mathewos M, Aliye S, Wolde A. Study on prevalence of bovine 
mastitis and associated risk factors in dairy farms of Modjo town and suburbs, Central 
Oromia, Ethiopia. Vet Med Res Reports. (2021) 12:271–83. doi: 10.2147/VMRR.S323460

 126. Malek dos Reis CB, Barreiro JR, Mestieri L, Porcionato MADF, Dos Santos MV. 
Effect of somatic cell count and mastitis pathogens on milk composition in Gyr cows. 
BMC Vet Res. (2013) 9:67. doi: 10.1186/1746-6148-9-67

 127. Shem MN, Mosha FA, Machangu R, Kambarage D, Fujihara T. Bovine mastitis 
in zebu and crossbred cattle under the extensive management system in Tanzania. Asian-
Australasian J Anim Sci. (2002) 15:751–6. doi: 10.5713/ajas.2002.751

 128. Ivemeyer S, Walkenhorst M, Heil F, Notz C, Maeschli A, Butler G, et al. 
Management factors affecting udder health and effects of a one year extension program 
in organic dairy herds. Animal. (2009) 3:1596–604. doi: 10.1017/S1751731109990498

 129. Dufour S, Fréchette A, Barkema HW, Mussell A, Scholl DT. Invited review: effect 
of udder health management practices on herd somatic cell count. J Dairy Sci. (2011) 
94:563–79. doi: 10.3168/jds.2010-3715

 130. Grumett D, Butterworth A. Electric shock control of farmed animals: welfare 
review and ethical critique. Anim Welf. (2022) 31:373–85. doi: 10.7120/09627286.31.4.006

 131. Tarazona AM, Ceballos MC, Broom DM. Human relationships with domestic 
and other animals: one health, one welfare, one biology. Animals. (2020) 10:43. doi: 
10.3390/ani10010043

 132. Creamer M, Horback K. Researching human-cattle interaction on rangelands: 
challenges and potential solutions. Animals. (2021) 11:1–19. doi: 10.3390/ani11030725

 133. Ceballos MC, Góis KCR, Sant Anna AC, MJR PDC. Frequent handling of grazing 
beef cattle maintained under the rotational stocking method improves temperament 
over time. Anim Prod Sci. (2018) 58:307. doi: 10.1071/AN16025

https://doi.org/10.3389/fvets.2024.1456120
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.3390/ani9060287
https://doi.org/10.3168/jds.S0022-0302(94)77212-X
https://doi.org/10.3168/jds.S0022-0302(94)77212-X
https://doi.org/10.3168/jds.S0022-0302(82)82223-6
https://doi.org/10.2527/jas.2006-167
https://doi.org/10.2527/jas.2006-167
https://doi.org/10.3390/ani13152406
https://doi.org/10.31893/jabb.22016
https://doi.org/10.5713/ajas.19.0804
https://doi.org/10.1016/0304-3762(82)90190-0
https://doi.org/10.1016/S0168-1591(00)00179-9
https://doi.org/10.1016/S0168-1591(00)00179-9
https://doi.org/10.1016/S0301-6226(97)00008-0
https://doi.org/10.1001/amajethics.2023.299
https://doi.org/10.1001/amajethics.2023.299
https://doi.org/10.3390/ani12040487
https://doi.org/10.1016/j.applanim.2006.02.001
https://doi.org/10.1080/1059924X.2013.796906
https://doi.org/10.2527/jas1983.5716
https://doi.org/10.1037/h0043321
https://doi.org/10.4081/ijas.2009.s2.628
https://doi.org/10.1080/09712119.2022.2162531
https://doi.org/10.1007/s11250-017-1463-9
https://doi.org/10.1007/s11250-017-1463-9
https://doi.org/10.1016/0304-3762(75)90016-4
https://doi.org/10.3168/jds.2014-9210
https://doi.org/10.1016/0304-3762(80)90091-7
https://doi.org/10.1071/AN16177
https://doi.org/10.1590/1678-4162-12904
https://doi.org/10.1016/j.meatsci.2013.05.014
https://doi.org/10.1016/j.meatsci.2013.05.014
https://doi.org/10.1590/s0101-20612008000400010
https://doi.org/10.1590/s0101-20612008000400010
https://doi.org/10.1007/s11259-022-10054-1
https://doi.org/10.1007/s11259-022-10054-1
https://doi.org/10.2527/2005.83112632x
https://doi.org/10.14202/vetworld.2022.855-869
https://doi.org/10.3168/jds.2007-0631
https://doi.org/10.1016/j.applanim.2015.08.022
https://doi.org/10.1051/vetres:2003027
https://doi.org/10.1051/vetres:2003027
https://doi.org/10.1292/jvms.66.381
https://doi.org/10.1292/jvms.66.381
https://doi.org/10.3168/jds.2019-17445
https://doi.org/10.1016/j.vetimm.2017.07.010
https://doi.org/10.2147/VMRR.S323460
https://doi.org/10.1186/1746-6148-9-67
https://doi.org/10.5713/ajas.2002.751
https://doi.org/10.1017/S1751731109990498
https://doi.org/10.3168/jds.2010-3715
https://doi.org/10.7120/09627286.31.4.006
https://doi.org/10.3390/ani10010043
https://doi.org/10.3390/ani11030725
https://doi.org/10.1071/AN16025


Mota-Rojas et al. 10.3389/fvets.2024.1456120

Frontiers in Veterinary Science 17 frontiersin.org

 134. Marçal-Pedroza MG, Campos MM, Martins MF, Silva MVB, Paranhos da Costa 
MJR, Negrão JA, et al. Is the temperament of crossbred dairy cows related to milk 
cortisol and oxytocin concentrations, milk yield, and quality? PLoS One. (2023) 
18:e0286466. doi: 10.1371/journal.pone.0286466

 135. Ceballos MC, Sant Anna AC, KCR G, Ferraudo AS, Negrao JA, Da Costa MJRP. 
Investigating the relationship between human-animal interactions, reactivity, stress 
response and reproductive performance in Nellore heifers. Livest Sci. (2018) 217:65–75. 
doi: 10.1016/j.livsci.2018.08.001

 136. Ceballos MC, Sant Anna AC, Boivin X, Costa FDO, Carvalhal MVDL, Paranhos 
Da Costa MJR. Impact of good practices of handling training on beef cattle welfare and 
stockpeople attitudes and behaviors. Livest Sci. (2018) 216:24–31. doi: 10.1016/j.
livsci.2018.06.019

 137. Chase CC, Randel RD, Riley DG, Coleman SW, Phillips WA. Evaluation of 
tropically adapted straightbred and crossbred beef cattle: cortisol concentration and 
measures of temperament at weaning and transport1,2,3. J Anim Sci. (2017) 95:5253–62. 
doi: 10.2527/jas2017.1924

 138. Grandin T. Handling facilities and restraint of range cattle In: T Grandin, editor. 
Livestock Handling and Transport. 4th ed. Cambridge: CAB International (2007). 
90–108.

 139. Pajor E, Rushen J, de Passillé AM. Dairy cattle’s choice of handling treatments in 
a Y-maze. Appl Anim Behav Sci. (2003) 80:93–107. doi: 10.1016/S0168-1591(02)00119-3

 140. Grandin T. Behavioral principles of livestock handling. Prof Anim Sci. (1989) 
5:1–11. doi: 10.15232/S1080-7446(15)32304-4

 141. Waynert D, Stookey J, Schwartzkopf-Genswein K, Watts J, Waltz C. The response 
of beef cattle to noise during handling. Appl Anim Behav Sci. (1999) 62:27–42. doi: 
10.1016/S0168-1591(98)00211-1

 142. Thomsen PT, Houe H. Cow mortality as an indicator of animal welfare in dairy 
herds. Res Vet Sci. (2018) 119:239–43. doi: 10.1016/j.rvsc.2018.06.021

 143. Workie GY, Akalu TY, Baraki AG, Workie HM, Kassie TW, Hailegiyorgis TT, 
et al. Effects of topical Anaesthetic and buccal meloxicam treatments on concurrent 
castration and dehorning of beef calves. Animals (Basel). (2019) 8:35. doi: 10.3390/
ani8030035

 144. Andrade O, Orihuela A, Solano J, Galina CS. Some effects of repeated handling 
and the use of a mask on stress responses in zebu cattle during restraint. Appl Anim 
Behav Sci. (2001) 71:175–81. doi: 10.1016/S0168-1591(00)00177-5

 145. Macedo GG, Zúccari CESN, de Abreu UGP, Negrão JA, da Costa e Silva EV. 
Human–animal interaction, stress, and embryo production in Bos indicus embryo 
donors under tropical conditions. Trop Anim Health Prod. (2011) 43:1175–82. doi: 
10.1007/s11250-011-9820-6

 146. Paranhos da Costa MJR, Taborda PAB, de Lima CMV, Valente TS. Individual 
differences in the behavioral responsiveness of F1 Holstein-Gyr heifers to the training 
for milking routine. Appl Anim. Behav Sci. (2021) 241:105384. doi: 10.1016/j.
applanim.2021.105384

 147. Kamboj M, Vishwakarma V, Dutt S, Kumar N, Kamboj S. Influence of pre-
partum habituation training to milking routine on post-partum milking behaviour and 
performance of Primiparous Sahiwal cows. Indian J Anim Prod Manag. (2023) 
37:194–203. doi: 10.48165/ijapm.2023.37.3.1

 148. Assumpção TI, Macedo GG, Monteiro CP, Ferreira IC, Cavalero TMS, Dourado 
MF. Reactivity of Nellore cows in corral handling and containment chute. J Agric Life 
Sci. (2018) 5:53–8. doi: 10.30845/jals.v5n1a6

 149. Cooke RF, Arthington JD, Austin BR, Yelich JV. Effects of acclimation to handling 
on performance, reproductive, and physiological responses of Brahman-crossbred 
heifers. J Anim Sci. (2009) 87:3403–12. doi: 10.2527/jas.2009-1910

 150. Lange A, Bauer L, Futschik A, Waiblinger S, Lürzel S. Talking to cows: reactions 
to different auditory stimuli during gentle human-animal interactions. Front Psychol. 
(2020) 11:579346. doi: 10.3389/fpsyg.2020.579346

 151. Uetake K, Hurnik JF, Johnson L. Effect of music on voluntary approach of dairy 
cows to an automatic milking system. Appl Anim Behav Sci. (1997) 53:175–82. doi: 
10.1016/S0168-1591(96)01159-8

 152. Frühholz S, Trost W, Grandjean D. The role of the medial temporal limbic system 
in processing emotions in voice and music. Prog Neurobiol. (2014) 123:1–17. doi: 
10.1016/j.pneurobio.2014.09.003

 153. Zapata-Cardona J, Ceballos MC, Rodríguez BDJ. Music and emotions in non-
human animals from biological and comparative perspectives. Animals. (2024) 14:1491. 
doi: 10.3390/ani14101491

 154. Dos Santos Lemes Lechuga KK, Caldara FR, De Castro Burbarelli MF, Odakura 
AM, Dos Ouros CC, Garcia RG, et al. Music and tactile stimuli during daily milking 
affect the welfare and productivity of dairy cows. Animals. (2023) 13:3671. doi: 10.3390/
ani13233671

 155. Mota-Rojas D, Whittaker AL, Domínguez-Oliva A, Strappini AC, Álvarez-
Macías A, Mora-Medina P, et al. Tactile, auditory, and visual stimulation as sensory 
enrichment for dairy cattle. Animals. (2024) 14:1265. doi: 10.3390/ani14091265

 156. Marçal-Pedroza MG, Campos MM, Pereira LGR, Machado FS, Tomich TR, 
Paranhos da Costa MJR, et al. Consistency of temperament traits and their relationships 
with milk yield in lactating primiparous F1 Holstein - Gyr cows. Appl Anim Behav Sci. 
(2020) 222:104881. doi: 10.1016/j.applanim.2019.104881

 157. Paranhos da Costa M, Schmidek A, Toledo L. Mother–offspring interactions in 
zebu cattle. Reprod Domest Anim. (2008) 43:213–6. doi: 10.1111/j.1439-0531.2008.01164.x

 158. Pérez-Torres L, Orihuela A, Corro M, Rubio I, Cohen A, Galina CS, et al. 
Maternal protective behavior of zebu type cattle (Bos indicus) and its association with 
temperament1. J Anim Sci. (2014) 92:4694–700. doi: 10.2527/jas.2013-7394

 159. Simonsen HB. Grooming behaviour of domestic cattle. Nord Vet Med. (1979) 
31:1–5.

 160. DeVries TJ, Vankova M, Veira DM, von Keyserlingk MAG. Short communication: 
usage of mechanical brushes by lactating dairy cows. J Dairy Sci. (2007) 90:2241–5. doi: 
10.3168/jds.2006-648

 161. Wilson SC, Mitlöhner FM, Morrow-Tesch J, Dailey JW, McGlone JJ. An 
assessment of several potential enrichment devices for feedlot cattle. Appl Anim Behav 
Sci. (2002) 76:259–65. doi: 10.1016/S0168-1591(02)00019-9

 162. Mandel R, Wenker ML, van Reenen K, Keil NM, Hillmann E. Can access to an 
automated grooming brush and/or a mirror reduce stress of dairy cows kept in social 
isolation? Appl Anim Behav Sci. (2019) 211:1–8. doi: 10.1016/j.applanim.2018.12.007

 163. Moncada AC, Neave HW, von Keyserlingk MAG, Weary DM. Use of a 
mechanical brush by dairy cows with chorioptic mange. Appl Anim Behav Sci. (2020) 
223:1–7. doi: 10.1016/j.applanim.2019.104925

 164. Newby NC, Duffield TF, Pearl DL, Leslie KE, LeBlanc SJ, von Keyserlingk MAG. 
Short communication: use of a mechanical brush by Holstein dairy cattle around 
parturition. J Dairy Sci. (2013) 96:2339–44. doi: 10.3168/jds.2012-6016

 165. Keeling LJ, De Oliveira D, Rustas B-O, Keeling LJ, De Oliveira D, Rustas B-O. Use 
of mechanical rotating brushes in dairy cows—a potential proxy for performance and 
welfare In: C Kamphuis and W Steeneveld, editors. Precision dairy farming. Wageningen, 
Netherlands: Wageningen Academic Publishers (2016)

 166. Strappini AC, Monti G, Sepúlveda-Varas P, de Freslon I, Peralta JM. Measuring 
calves’ usage of multiple environmental enrichment objects provided simultaneously. 
Front Vet Sci. (2021) 8:698691. doi: 10.3389/fvets.2021.698681

 167. Uvnäs Moberg K, Julius H, Handlin L, Petersson M. Editorial: sensory 
stimulation and oxytocin: their roles in social interaction and health promotion. Front 
Psychol. (2022) 13:929741. doi: 10.3389/fpsyg.2022.929741

 168. Lloyd DM, McGlone FP, Yosipovitch G. Somatosensory pleasure circuit: from 
skin to brain and back. Exp Dermatol. (2015) 24:321–4. doi: 10.1111/exd.12639

 169. Ujita A, El Faro L, Vicentini RR, Pereira Lima ML, de Oliveira FL, Oliveira AP, 
et al. Effect of positive tactile stimulation and prepartum milking routine training on 
behavior, cortisol and oxytocin in milking, milk composition, and milk yield in Gyr 
cows in early lactation. Appl Anim Behav Sci. (2021) 234:105205. doi: 10.1016/j.
applanim.2020.105205

 170. Vicentini RR, El Faro L, Ujita A, Ceballos MC, Negrão JA, Sant’Anna AC. Effects 
of training for first milking involving positive tactile stimulation on post-calving 
maternal behaviors in Primiparous Gyr dairy cows. Animals. (2023) 13:921. doi: 
10.3390/ani13050921

 171. Orihuela A, Galina CS. The effect of maternal behavior around calving on 
reproduction and wellbeing of zebu type cows and calves. Animals. (2021) 11:3164. doi: 
10.3390/ani11113164

 172. Panksepp J. Affective consciousness: Core emotional feelings in animals and 
humans. Conscious Cogn. (2005) 14:30–80. doi: 10.1016/j.concog.2004.10.004

 173. Müller BR, Soriano VS, Bellio JCB, Molento CFM. Facial expression of pain in 
Nellore and crossbred beef cattle. J Vet Behav. (2019) 34:60–5. doi: 10.1016/j.
jveb.2019.07.007

 174. Gregory NG, Robins JK, Thomas DG, Purchas RW. Relationship between body 
condition score and body composition in dairy cows. New Zeal J Agric Res. (1998) 
41:527–32. doi: 10.1080/00288233.1998.9513335

 175. Carvalho PD, Souza AH, Amundson MC, Hackbart KS, Fuenzalida MJ, Herlihy 
MM, et al. Relationships between fertility and postpartum changes in body condition 
and body weight in lactating dairy cows. J Dairy Sci. (2014) 97:3666–83. doi: 10.3168/
jds.2013-7809

 176. Martínez G, Ghezzi M. Influence of the human-animal relationship on 
productivity and animal welfare in dairy farms. J Dairy Vet Sci. (2019) 11:555825. doi: 
10.19080/JDVS.2019.11.555825

 177. Bruckmaier RM, Blum JW. Oxytocin release and Milk removal in ruminants. J 
Dairy Sci. (1998) 81:939–49. doi: 10.3168/jds.S0022-0302(98)75654-1

 178. Waiblinger S, Menke C, Coleman G. The relationship between attitudes, personal 
characteristics and behaviour of stockpeople and subsequent behaviour and production 
of dairy cows. Appl Anim Behav Sci. (2002) 79:195–219. doi: 10.1016/
S0168-1591(02)00155-7

 179. Grandin T. Thinking like animals In: SJ Armstrong and RG Botzler, editors. The 
animal ethics reader. New York, NY: Routledge (2017)

 180. Hemsworth P, Barnett J. Human-animal interactions and animal stress In: G 
Moberg and J Mench, editors. The biology of animal stress. London: CAB International 
(2000)

 181. Napolitano F, Grasso F, Bordi A, Tripaldi C, Saltalamacchia F, Pacelli C, et al. 
On-farm welfare assessment in dairy cattle and buffaloes: evaluation of some animal-
based parameters. Ital J Anim Sci. (2005) 4:223–31. doi: 10.4081/ijas.2005.223

https://doi.org/10.3389/fvets.2024.1456120
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0286466
https://doi.org/10.1016/j.livsci.2018.08.001
https://doi.org/10.1016/j.livsci.2018.06.019
https://doi.org/10.1016/j.livsci.2018.06.019
https://doi.org/10.2527/jas2017.1924
https://doi.org/10.1016/S0168-1591(02)00119-3
https://doi.org/10.15232/S1080-7446(15)32304-4
https://doi.org/10.1016/S0168-1591(98)00211-1
https://doi.org/10.1016/j.rvsc.2018.06.021
https://doi.org/10.3390/ani8030035
https://doi.org/10.3390/ani8030035
https://doi.org/10.1016/S0168-1591(00)00177-5
https://doi.org/10.1007/s11250-011-9820-6
https://doi.org/10.1016/j.applanim.2021.105384
https://doi.org/10.1016/j.applanim.2021.105384
https://doi.org/10.48165/ijapm.2023.37.3.1
https://doi.org/10.30845/jals.v5n1a6
https://doi.org/10.2527/jas.2009-1910
https://doi.org/10.3389/fpsyg.2020.579346
https://doi.org/10.1016/S0168-1591(96)01159-8
https://doi.org/10.1016/j.pneurobio.2014.09.003
https://doi.org/10.3390/ani14101491
https://doi.org/10.3390/ani13233671
https://doi.org/10.3390/ani13233671
https://doi.org/10.3390/ani14091265
https://doi.org/10.1016/j.applanim.2019.104881
https://doi.org/10.1111/j.1439-0531.2008.01164.x
https://doi.org/10.2527/jas.2013-7394
https://doi.org/10.3168/jds.2006-648
https://doi.org/10.1016/S0168-1591(02)00019-9
https://doi.org/10.1016/j.applanim.2018.12.007
https://doi.org/10.1016/j.applanim.2019.104925
https://doi.org/10.3168/jds.2012-6016
https://doi.org/10.3389/fvets.2021.698681
https://doi.org/10.3389/fpsyg.2022.929741
https://doi.org/10.1111/exd.12639
https://doi.org/10.1016/j.applanim.2020.105205
https://doi.org/10.1016/j.applanim.2020.105205
https://doi.org/10.3390/ani13050921
https://doi.org/10.3390/ani11113164
https://doi.org/10.1016/j.concog.2004.10.004
https://doi.org/10.1016/j.jveb.2019.07.007
https://doi.org/10.1016/j.jveb.2019.07.007
https://doi.org/10.1080/00288233.1998.9513335
https://doi.org/10.3168/jds.2013-7809
https://doi.org/10.3168/jds.2013-7809
https://doi.org/10.19080/JDVS.2019.11.555825
https://doi.org/10.3168/jds.S0022-0302(98)75654-1
https://doi.org/10.1016/S0168-1591(02)00155-7
https://doi.org/10.1016/S0168-1591(02)00155-7
https://doi.org/10.4081/ijas.2005.223


Mota-Rojas et al. 10.3389/fvets.2024.1456120

Frontiers in Veterinary Science 18 frontiersin.org

 182. Grandin T, Deesing MJ. Genetics and behavior during handling, restraint, and 
herding In: T Grandin, editor. Genetics and the behavior of domestic animals. 
Cambridge, MA: Academic Press (2022)

 183. Grandin T. Preslaughter handling | behavior of cattle, pigs, sheep, goats, bison, 
and deer during handling and transport to slaughter. Amsterdam: Elsevier (2022).

 184. Phillips CJ. Principles of cattle production. 2nd ed. Oxfordshire: CABI (2010).

 185. Rodrigues VFV, Freitas SRM, Franchi GA, Oliveira da SIJ. The impact of training 
on stockpersons’ behavior and cows fear response. J Anim Behav Biometeorol. (2023) 
11:e22023017. doi: 10.31893/jabb.23017

 186. Murphey RM, Duarte FAM, Torres Penedo MC. Responses of cattle to humans 
in open spaces: breed comparisons and approach-avoidance relationships. Behav Genet. 
(1981) 11:37–48. doi: 10.1007/BF01065826

 187. Probst JK, Spengler Neff A, Leiber F, Kreuzer M, Hillmann E. Gentle touching in 
early life reduces avoidance distance and slaughter stress in beef cattle. Appl Anim Behav 
Sci. (2012) 139:42–9. doi: 10.1016/j.applanim.2012.03.002

 188. Breuer K, Hemsworth P, Coleman G. The effect of positive or negative handling 
on the behavioural and physiological responses of nonlactating heifers. Appl Anim Behav 
Sci. (2003) 84:3–22. doi: 10.1016/S0168-1591(03)00146-1

 189. Leon AF, Sanchez JA, Romero MH. Association between attitude and empathy 
with the quality of human-livestock interactions. Animals. (2020) 10:1304. doi: 10.3390/
ani10081304

 190. Grignard L, Boissy A, Boivin X, Garel J, Le Neindre P. The social environment 
influences the behavioural responses of beef cattle to handling. Appl Anim Behav Sci. 
(2000) 68:1–11. doi: 10.1016/S0168-1591(00)00085-X

 191. Mota-Rojas D, Broom DM, Orihuela A, Velarde A, Napolitano F, Alonso-
Spilsbury M. Effects of human-animal relationship on animal productivity and welfare. 
J Anim Behav Biometeorol. (2020) 8:196–205. doi: 10.31893/jabb.20026

 192. Mota-Rojas D, Braghieri A, Napolitano F, Álvarez-Macías A, Bragaglio A, 
Rodríguez-González D, et al. Human-animal relationship in water buffalo: quality of 
stockpeople interactions and their effect on dairy and meat production. J Anim Behav 
Biometeorol. (2023) 11:2023ss02. doi: 10.31893/jabb.23ss02

 193. Hernández-Avalos I, Mota-Rojas D, Mendoza-Flores JE, Casas-Alvarado A, 
Flores-Padilla K, Miranda-Cortes AE, et al. Nociceptive pain and anxiety in equines: 
physiological and behavioral alterations. Vet World. (2021) 14:2984–95. doi: 10.14202/
vetworld.2021.2984-2995

 194. Phillips CJC, Oevermans H, Syrett KL, Jespersen AY, Pearce GP. Lateralization of 
behavior in dairy cows in response to conspecifics and novel persons. J Dairy Sci. (2015) 
98:2389–400. doi: 10.3168/jds.2014-8648

 195. Vanden Hole C, Goyens J, Prims S, Fransen E, Ayuso Hernando M, Van Cruchten 
S, et al. How innate is locomotion in precocial animals? A study on the early development 

of spatio-temporal gait variables and gait symmetry in piglets. J Exp Biol. (2017) 
220:2706–16. doi: 10.1242/jeb.157693

 196. Leliveld LM. From science to practice: a review of laterality research on ungulate 
livestock. Symmetry (Basel). (2019) 11:1157. doi: 10.3390/sym11091157

 197. Orihuela A, Mota-Rojas D, Velarde A, Strappini-Asteggiano A, Thielo de la Vega 
L, Borderas-Tordesillas F, et al. Environmental enrichment to improve behaviour in farm 
animals. CAB Rev Perspect Agric Vet Sci Nutr Nat Resour. (2018) 13:1–25. doi: 10.1079/
PAVSNNR201813059

 198. Stewart M, Schaefer A, Haley D, Colyn J, Cook N, Stafford K, et al. Infrared 
thermography as a non-invasive method for detecting fear-related responses of cattle to 
handling procedures. Anim Welf. (2008) 17:387–93. doi: 10.1017/S0962728600027895

 199. Lewis N, Hurnik J. The effect of some common management practices on the ease 
of handling of dairy cows. Appl Anim Behav Sci. (1998) 58:213–20. doi: 10.1016/
S0168-1591(97)00150-0

 200. Lomb J, Mauger A, von Keyserlingk MAG, Weary DM. Effects of positive 
reinforcement training for heifers on responses to a subcutaneous injection. J Dairy Sci. 
(2021) 104:6146–58. doi: 10.3168/jds.2020-19463

 201. Hopster H, Van Der Werf JTN, Blokhuis HJ. Side preference of dairy cows in the 
milking parlour and its effects on behaviour and heart rate during milking. Appl Anim 
Behav Sci. (1998) 55:213–29. doi: 10.1016/S0168-1591(97)00064-6

 202. Phillips CJC, Rind MI. The effects of social dominance on the production and 
behavior of grazing dairy cows offered forage supplements. J Dairy Sci. (2002) 85:51–9. 
doi: 10.3168/jds.S0022-0302(02)74052-6

 203. Norring M, Mintline EM, Tucker CB. The age of surgical castration affects the 
healing process in beef calves. Transl Anim Sci. (2017) 1:358–66. doi: 10.2527/
tas2017.0044

 204. Algra M, de Keijzer L, Arndt SS, van Eerdenburg FJCM, Goerlich VC. Evaluation 
of the thermal response of the horns in dairy cattle. Animals. (2023) 13:500. doi: 10.3390/
ani13030500

 205. Mota-Rojas D, Martínez-Burnes J, Casas-Alvarado A, Gómez-Prado J, 
Hernández-Ávalos I, Domínguez-Oliva A. Clinical usefulness of infrared thermography 
to detect sick animals: frequent and current cases. CAB Rev Perspect Agric Vet Sci Nutr 
Nat Resour. (2022) 17:1–17. doi: 10.1079/cabireviews202217040

 206. Mota-Rojas D, Pereira MFA, Wang D, Martínez-Burnes J, Ghezzi M, Hernández-
Ávalos I, et al. Clinical applications and factors involved in validating thermal windows 
in large rumiants to assess health and productivity. Animals. (2021) 11:2247. doi: 
10.3390/ani11082247

 207. Ashraf A, Imran M. Causes, types, etiological agents, prevalence, diagnosis, 
treatment, prevention, effects on human health and future aspects of bovine mastitis. 
Anim Health Res Rev. (2020) 21:36–49. doi: 10.1017/S1466252319000094

https://doi.org/10.3389/fvets.2024.1456120
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.31893/jabb.23017
https://doi.org/10.1007/BF01065826
https://doi.org/10.1016/j.applanim.2012.03.002
https://doi.org/10.1016/S0168-1591(03)00146-1
https://doi.org/10.3390/ani10081304
https://doi.org/10.3390/ani10081304
https://doi.org/10.1016/S0168-1591(00)00085-X
https://doi.org/10.31893/jabb.20026
https://doi.org/10.31893/jabb.23ss02
https://doi.org/10.14202/vetworld.2021.2984-2995
https://doi.org/10.14202/vetworld.2021.2984-2995
https://doi.org/10.3168/jds.2014-8648
https://doi.org/10.1242/jeb.157693
https://doi.org/10.3390/sym11091157
https://doi.org/10.1079/PAVSNNR201813059
https://doi.org/10.1079/PAVSNNR201813059
https://doi.org/10.1017/S0962728600027895
https://doi.org/10.1016/S0168-1591(97)00150-0
https://doi.org/10.1016/S0168-1591(97)00150-0
https://doi.org/10.3168/jds.2020-19463
https://doi.org/10.1016/S0168-1591(97)00064-6
https://doi.org/10.3168/jds.S0022-0302(02)74052-6
https://doi.org/10.2527/tas2017.0044
https://doi.org/10.2527/tas2017.0044
https://doi.org/10.3390/ani13030500
https://doi.org/10.3390/ani13030500
https://doi.org/10.1079/cabireviews202217040
https://doi.org/10.3390/ani11082247
https://doi.org/10.1017/S1466252319000094

	Human animal relationships in Bos indicus cattle breeds addressed from a Five Domains welfare framework
	1 Introduction
	2 Differences in temperament between Bos indicus and Bos taurus 
	2.1 Comparison of temperament between Bos indicus breeds
	2.2 Comparison of variation in Bos indicus temperament within the same breed
	2.3 Effect of temperament on productivity in both Bos indicus and Bos taurus cattle

	3 Cattle human animal relationship (HAR) in Bos taurus breeds
	4 Human animal relationship in Bos indicus cattle and the Five Domains
	4.1 Animal nutrition and its influence on cattle mental domain
	4.2 Physical environment and how it can affect/benefit animal’s mental domain
	4.3 Physical health
	4.4 Behavioral interactions

	5 Effects of HAR on the mental domain
	5.1 Fear and avoidance

	6 Future directions and strategies to promote positive human-animal interactions
	7 Conclusion

	 References

