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Simple Summary: The economic importance of donkeys has decreased in Brazil, which has led
to their mass abandonment. Asinine milk production is a potential solution to the reintroduction
of donkeys into the Brazilian social and economic scenario. The milk has nutraceutical properties
that make it valuable for human consumption, and thus a donkey dairy industry is likely to help
stop their abandonment. That said, in any such industry, the welfare of jennies maintained for milk
production must be guaranteed. Few studies have been published measuring the impact of milking
management on the welfare of jennies and foals, and the potential behavioural and physiological
challenges it may cause. It is also unknown whether these animals adapt to the milking routine.
The goal of this study was to assess the impact of separating Pêga jennies from their foals for 2 h on
indicators of welfare. Animal welfare was analysed through behavioural and hormonal assessments,
their potential adaptive responses and effects on milk yield. Few significant alterations were found in
behaviour, salivary cortisol concentrations, or milk yield as a result of the 2-h separation, which could
indicate that the welfare of the animals was not compromised; however, the adaptation of jennies
and foals to separation stress remains to be fully verified. The 2-h separation period, based on the
reported data, is possibly not a stressful experience for the assessed group of Pêga jennies and foals.
The reported protocol, which included frequent positive interactions with the animals, may be useful
to assure acceptable animal welfare levels for donkeys in small-scale dairy production settings.

Abstract: The goal of this study was to assess whether or not a separation period of 2 h is stressful for
jennies and foals, as measured by changes in behaviour, salivary cortisol, and milk production. This
study was reviewed and approved by the Committee for the Use and Care of Animals in Research
(CEUA) of the School of Veterinary Medicine and Animal Science of the University of São Paulo.
Fourteen multiparous Pêga jennies (245 kg average body weight) and their foals were assessed from
day 45 to 135 of lactation. Dams and foals were separated for 2 h prior to milking. Behavioural
assessments and saliva samples were collected before and after separation, every 15 days, resulting in
14 samples per individual animal. Behavioural states (affiliative and inactivity) and events (agonistic,
abnormal, eliminative and vocalisations) of the jennies were observed during 6 min in both periods.
Moreover, milk yield was measured. Few significant behavioural and salivary cortisol changes
were observed, and milk yield was not affected by cortisol levels in response to the separation. The
2-h separation period, on the basis of the collected variables, did not appear to be stressful for the
assessed group of Pêga jennies or foals; however, their ability to adapt to milking routine stress
remains to be investigated.
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1. Introduction

Donkeys have been losing their relevance in Brazilian social and economic scenarios,
having been less used in recent decades in their traditional role as animals of draft and
burden. This trend can be ascribed, essentially, to the diffusion of mechanisation in
agriculture [1], and the subsequent decrease in the number of donkeys used on rural
properties. As a result, they have been omitted from official data and statistics collected
by the Brazilian government [2], and their abandonment has been intensified, leading to
increasing numbers of wandering animals with compromised welfare [3].

There are three registered Brazilians donkey breeds: Nordestino, Paulista, and Pêga [4].
Out of these breeds, the Pêga has been most developed for its genetic potential. It was
developed in Brazil in 1810 [5], and is composed of medium sized donkeys, primarily
bred to supply the market with mules [6]. Pêga donkeys are most commonly found in the
Southeast region, and although they have a clear economic importance, productive donkey
farms in Brazil are scarce and these animals are still generally left out of the social and
economic scenario in the country.

In other countries, such as France and Italy, donkeys are still valued because of their
milk which is used for human nutrition [7,8]. Asinine milk possesses similar chemical
and organoleptic qualities to human milk [7,9], representing one of the best nourishment
options, besides maternal milk, for human babies [10] that cannot be breast-fed and for
consumers suffering from cow milk protein allergies [11,12]. The milk of Brazilian Pêga
donkeys may have similar nutritional potential to that of Italian and French breeds, and
thus their use for sustainable, high welfare, donkey dairy production is a possible means
of reintroducing donkeys as an important species in the Brazilian socioeconomic scenario.
The use of animals for milk production must guarantee their welfare. There is a limited
number of studies regarding stressors that trigger physiological and behavioural changes,
generated by the milking management in donkeys [13].

The milk storage capacity in this species is low (less than 2.5 L) [14], thus milk
production is dependent on its removal from the mammary gland, generally by milking
or suckling. In the latter, milk ejection is triggered by a foal’s sucking, which triggers the
release of oxytocin that in turn induces the contraction of myoepithelial cells [15]. Milking
of jennies by humans, in terms of both human and animal safety and for optimal milk
extraction, is more manageable when foals are not physically present [16].

In order to achieve efficient milking, jennies must be milked after 2 to 3 h of physical
separation from their foals [17]. Long intervals between milking events may cause a rise in
intra-udder pressure, inducing early cessation of glandular activity [18], due to the udder
size and its low storage capacity. Therefore, donkeys may need to be milked multiple times
a day [19].

The social structure of donkeys is composed of a territorial-based system [20–22],
with complex hierarchies within groups [23]. The only permanent bond among donkey
social structures is between jennies and their foals [24].

In precocious animals such as donkeys, the neonatal period is characterized by intense
interactions between mothers and newborns, which are important for bonding and allow
for the development of autonomy in the offspring, including motor, sensorial and cognitive
processes [24]. In natural conditions, jennies begin approaching their foals less frequently
after the first day post-partum, grazing at further distances while the foals rest and allowing
them to interact with other animals [25]. During the first five days of life, donkey foals
suckle every 3 to 10 min, and every 20 to 30 min by the 10th day [26]. In mule foals,
the suckling frequency between 4 and 17 weeks varies between two and three bouts per
hour [27].

Behavioural and social impairments have been reported in ungulates separated from
their mothers for 2.5 h after birth [28,29]. The separation between jennies and foals may
be stressful [30,31], and these animals could respond via behavioural and physiological
changes [32]. When the restoration of homeostasis in response to a stressor is difficult,
such as when animals cannot move to a more favourable environment, they may express
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behavioural signals such as vocalisations [33], stereotypic behaviour [34], increased inactiv-
ity [35–37] and altered social interactions [38]. Behavioural responses facilitate physiological
adaptations, which may manifest via the activation of the autonomous nervous system and
neuroendocrine system [39]. The stimulation of central circuits involving the amygdala,
hypothalamus and periaqueductal gray (PAC) result in an increased frequency of eliminative
behaviour [40], and increased releases of corticotropin-releasing factor (CRF), from the hy-
pothalamus, and adrenocorticotropic hormone (ACTH), from the pituitary gland culminate
in an increase in the secretion of glucocorticoids, such as cortisol [41], from the adrenal glands.
Alveolar milk ejection could also be altered by fear or stress, due to the influence of these
endocrine factors on oxytocin concentration and myoepithelial contraction [42,43].

To our knowledge, there are no scientific studies concerning the adaptive responses
of jennies and foals to repeated separation and milking procedures, and so it is crucial
to determine their behavioural and physiological changes when exposed to this routine.
Therefore, further investigations assessing the welfare effects, if any, of milking procedures
on dairy jennies and their foals are required.

This study aimed to investigate whether a separation period of 2 h in a manual
milking system is stressful for Pêga jennies and foals, i.e., whether it generated changes
in behaviour, or caused changes in salivary cortisol concentration and milk production,
and thus, if the use of donkeys for sustainable, high welfare, donkey dairy production is
a model for their economic reintroduction in Brazil. For this purpose, a manual milking
protocol was proposed and implemented.

2. Animals, Materials and Methods

This study was reviewed and approved by the Committee for the Use and Care of
Animals in Research (CEUA) of the School of Veterinary Medicine and Animal Science of
the University of São Paulo, under the protocol number CEUA 8696141117 (ID 007216).

2.1. Animals, Housing and Management

The study was conducted in Criatório Ximbó, a donkey farm in the city of Laranjal
Paulista in the state of São Paulo, Brazil. The city of Laranjal Paulista is located at an
altitude of 536 m, at the coordinates 23◦02′59” latitude South and 47◦50′12” longitude West.
The local climate is humid subtropical (Köeppen–Geiger classification), the yearly average
temperature ranges from 13 ± 4.9 ◦C to 31 ± 4.7 ◦C, and the yearly average pluviosity is
around 1177 mm.

On the farm, donkeys are kept in a semi-intensive system, and receive nutrition
composed of native foliage and Brachiaria decumbens, as well as alfalfa hay supplementation.

The donkeys on the farm are kept in pastures during the day and are moved to stalls
of 24 m2 stalls (6 m × 4 m) overnight, in stable groups of 3 (Stall 1, 8 m2 allowance per
jenny) to 4 jennies (Stall 2, 6 m2 allowance per jenny) and their foals in each stall. In the
morning, they are released by simply opening the stall door. All animals assessed in this
study were habituated to this daily routine.

The farm had no dairy production activity, and the 60 Pêga jennies on the farm were
used for reproduction. Fourteen multiparous Pêga jennies (245 kg average body weight)
were studied from day 45 to 135 of lactation. Of the fourteen jennies assessed, seven foaled
in February 2018 and were assessed until June, and seven foaled in May and were assessed
until September of the same year. No milk was collected during the first month of each
foal’s life as it was used exclusively for their nutrition in the month of June, around day
135 of lactation for the first group and day 45 of lactation for the second group, all fourteen
jennies and their foals were assessed at once, resulting in some animals being separated for
up to 3 h.

For data collection, the established groups of jennies were maintained and minimal
changes to the already established farm routine were made.
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2.2. Experimental Design

On each data collection day, while still inside of the pens, together with their group,
the behaviour of jennies in Stall 1 was assessed and saliva was sampled from both jennies
and foals. The animals were then separated for 2 h. The same procedures were repeated in
Stall 2. In order to separate them, two people stood at the stall door and allowed the jennies
to pass through while impeding the foals from following. The jennies were stimulated to
leave the stall using visual and sound cues, such as raising hands and clapping, and the
foals were stopped by standing in their path. During the separation period, the jennies
were loose on the farm, while the foals were kept inside of the group stalls with no visual
contact with their dams. Information regarding the stall of each animal, as well as the exact
time of release from the stalls, was recorded on each data collection day in order to keep
the groups and separation times constant throughout the study.

After 2 h of separation, the jennies were led, one by one, to the milking parlour. This
was the first instance they were restrained, utilising a halter and loose lead rope to keep
them from leaving the parlour. At this time, their respective foals were brought to the
milking parlour from the stalls, in less than one minute, marking the end of the separation
period. The jennies’ behaviour was then assessed, and saliva samples were taken from
both jennies and foals. The foals were not restrained, but were stopped from suckling by
placing a hand between their mouth and the dam’s teat.

It was observed that, from the third collection day onwards, for both the February and
May groups, the jennies tended to wait at the milking parlour by the end of the separation
time, and did not need to be brought back from elsewhere on the farm.

During milking, an additional safety measure was taken by firmly tying a lead rope to
their hind limb and securing it to a fence. The milk yield was noted.

Separation of jennies and foals took place at 10:00 am. Saliva samplings were conducted,
before separation, between 8:50 am and 9:50 am, and after separation, between 12:00 pm and
2:00 pm.

Behavioural assessments and saliva samplings were performed from day 45 to 135
of lactation, totalling 14 assessments per animal. All data were collected every 15 days,
to assess the possible adaptation of these animals to the stress generated by the milking
management routine.

2.3. Behaviour Assessments

For the behavioural assessments, jennies were identified with ribbons of different
colours attached to their necks. The protocol used for behaviour assessment was focal
sampling with continuous recording, performed directly by two trained assessors utilising
a check sheet.

The occurrence of behavioural states (long-duration behaviours such as prolonged
activities, measured in time intervals between the beginning and end of each episode) and
events (instantaneous or short-duration behaviours) were observed in the jennies in the
pre- and post-separation periods and were later evaluated.

The observed behavioural states were affiliative behaviour and inactivity, and the
events were agonistic, abnormal and eliminative behaviours, as well as vocalisations. These
behavioural categories were chosen as they could be affected by the presence of a stres-
sor [33–38], and various aspects of behaviour were assessed in order to paint a complete
picture of any alterations the jennies exhibited between the pre- and post-separation assess-
ments. It was expected that, if these animals were stressed by the separation, the duration
of these behavioural states would be altered with potential increases in inactivity [35–37]
and decreases in affiliative behaviour [38] post-separation, and the frequency of occurrence
of these behavioural events would increase post-separation [33,34]. For these assessments,
recording sheets based on an experimental ethogram, developed in this study, were used
(Table 1). All observations yielded focal observation data from each animal, with a 6-min
duration for each jenny in each assessment [44].
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Table 1. Experimental ethogram utilised to assess jennies’ behaviour.

Affiliative

Mutual grooming Behaviour in which two donkeys use their teeth to simultaneously nibble any of each
other’s body parts.

Licking Licking any part of the body of another donkey.
Body sniffing Sniffing the neck, withers, flank or tail of another donkey which may or may not reciprocate.

Approaching Moving to within 1 m of another donkey that does not immediately move away and staying
there for at least 10 s without initiating physical contact with it.

Touching Touching another donkey at the neck or head, which may or may not reciprocate.

Agonistic

Kicking Rapid lifting of one or both hind limbs off the ground, directed towards another donkey or the
observer, in an attempt to hit them, with the ears laid back.

Pushing Pressing head, neck, chest or shoulder against another donkey, making them move away.

Chasing Rapid movement toward another donkey and pursuit for a distance of over three body lengths,
with the ears laid back, head raised and mouth closed.

Biting Extension of head and neck towards another donkey, with the ears laid back, head raised and
mouth open, closing teeth on its body.

Fighting Pursuing another donkey for a distance of over three body lengths, with ears laid back, head
raised and mouth open, attempting to close teeth on its body.

Abnormal

Biting the stalls or structures Grasping of structures with incisive teeth, which may be followed by simultaneous arching of
the neck and sucking of air (cribbing).

False licking Behaviour in which the animal slowly places its tongue on the borders of the stall or trough
while keeping it still and stiff, so the action does not represent true licking.

Pawing Vigorous and persistent stomping of limbs on the ground.

Eliminative

Urinating Elimination of urine.
Defecating Elimination of faeces.

Vocalisations

Vocalisations Expression of vocal communication, such as whinnies, snores, snorts, groans or screams.

Inactivity

Inactivity Absence of movement or other actions.

Behaviours considered abnormal were biting the stalls or structures, false licking and
pawing. Eliminative actions were urinating and defecating [45].

The recorded vocalisations included various types of vocal communication sounds,
such as whinnies, snores, snorts, groans and screams [33].

Social interactions were divided between affiliative and agonistic according to the
performed action and response of the receiving animal. In the absence of signs of aggres-
sion [46], interactions were considered affiliative, and behaviours linked to aggression were
considered agonistic. The observed affiliative interactions were grooming, licking, sniffing,
approaching and touching [46,47]. Agonistic interactions were kicking, pushing, chasing,
biting and fighting [36]. All social interactions were performed between jennies and foals
or other jennies.

After the behavioural assessment of the jennies, saliva was sampled from all animals
in the pre- and post-separation periods.

2.4. Saliva Sampling

Saliva samples were collected from each animal using an individual sampler devel-
oped for this study, which did not require the animals to be restrained. For the jennies,
the collector was made of ground rapadura (sugarcane candy) wrapped in gauzes and a
cotton string. The inclusion of rapadura was necessary to stimulate saliva production in the
jennies. For the foals, only gauzes and cotton strings were used.
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The samplers were presented to all animals by holding them stretched, and both
jennies and foals voluntarily approached the assessors to chew on the samplers. Sometimes,
the samplers were secured to the animals’ necks with the cotton strings, while the procedure
was carried out on the rest of the animals.

Jennies and foals chewed the collectors for 2 min, after which the strings were cut
and discarded, and the gauzes were placed in 15 mL Falcon tubes with their respective
identifications. The tubes were stored in sealed styrofoam boxes lined with reusable gel ice
packs.

2.5. Milking

Milking procedures began with the cleaning of the jennies’ udders and teats with soap
and water and drying with paper towels. They were milked manually.

The milking stopped once the udders were fully emptied, after which they were
cleaned and dried again. After these procedures, each teat was submerged in a post-
dipping solution (Dermasoft 2.5%, composed of Povidone-iodine (2.5 g) and purified water
(100 mL)) for at least 15 s.

Milk yield was noted for each jenny on every assessment day.

2.6. Salivary Cortisol Analysis

The 15 mL Falcon tubes containing the saliva from jennies and foals were stored at
–20 ◦C until the salivary cortisol analysis, which occurred between June 2018 and May
2019. For storage, the samples were thawed in the fridge and extracted from the gauze
via centrifugation. The gauzes containing the samples were centrifuged for 15 min at
1000× g, and the extracted fluids were placed in 1.5 mL microtubes. These were then
frozen again until analysis. The analysis was performed by trained professionals following
EIA protocols, developed and validated by previously reported publications [48,49].

Additionally, rapadura was added to a standard curve, and no effect was observed in
the performance of the assay.

2.7. Data Analysis

The data for the affiliative and inactivity behaviours were studied through the Poisson
distribution, according to the PROC GLIMMIX of SAS, utilising a randomised block design
with repeating measurements for the duration of occurrence of the observation in question,
over time. Blocks were defined by the days of lactation. The model includes the effect of
observation time in two different periods (before and after separation).

Data from the events of the behavioural categories agonistic, abnormal, eliminative
and vocalisation were studied through the Poisson distribution, according to the PROC
GLIMMIX of SAS, utilising a randomised block design with repeating measurements over
time. Blocks were defined by days of lactation. The model includes the effect of observation
time in two different periods (before and after separation).

For the salivary cortisol data, the Shapiro–Wilk test was conducted to analyse the
normality of the residues, and the fixed effects were analysed by PROC GLIMMIX. The
studied model included the effects of observation in two different periods (pre- and post-
separation).

The milk yield data were analysed in a randomised block design. The statistical
model considered the day of lactation to be a fixed factor and the animal (block) effect
to be a random factor, defined by the RANDOM command. Fisher’s Least Significant
Difference was used when the fixed factors were significant for both analyses. The PROC
CORR procedure was used for determining the Pearson correlation between milk yield
and salivary cortisol concentration for the jennies.

All analyses were done in the Statistical Analysis Software 9.4 (SAS) [50]; the adopted
significance level was set at p <0.05.
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3. Results
3.1. Behaviour

The frequency of occurrence of abnormal behaviour, vocalisation, eliminative be-
haviour and agonistic behaviour of jennies on day 45, 60, 75, 90, 105, 120 and 135 of
lactation, before and after 2 h of separation from their foals for manual milking, are pre-
sented in Figures 1–4.

Figure 1. Mean frequency and standard deviation of occurrence of abnormal behaviour from jennies,
before and after 2 h of separation from their foals for milking, on day 45 (p = 0.99), 60 (p = 0.99), 75
(p = 0.99), 90 (p = 1.00), 105 (p = 0.99), 120 (p = 0.99) and 135 (p = 1.00) of lactation.

Figure 2. Mean frequency and standard deviation of occurrence of abnormal behaviour from jennies,
before and after 2 h of separation from their foals for milking, on day 45 (p = 0.99), 60 (p = 0.99),
75 (p = 0.99), 90 (p = 1.00), 105 (p = 0.99), 120 (p = 0.03) and 135 (p = 0.09) of lactation. * indicates a
statistically significant difference between frequencies.
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Figure 3. Mean frequency and standard deviation of occurrence of eliminative behaviour from
jennies, before and after 2 h of separation from their foals for milking, on day 45 (p = 0.99), 60
(p = 0.99), 75 (p = 0.99), 90 (p = 0.99), 105 (p = 0.99), 120 (p = 0.99) and 135 (p = 0.99) of lactation.

Figure 4. Mean frequency and standard deviation of occurrence of agonistic behaviour from jennies,
before and after 2 h of separation from their foals for milking, on day 45 (p = 0.99), 60 (p = 0.99), 75
(p = 0.99), 90 (p = 0.99), 105 (p = 0.69), 120 (p = 0.40) and 135 (p = 0.40) of lactation.

Statistically significant differences were found for the frequency of vocalisations
(p = 0.03) from jennies, on day 120 of lactation. No significant differences were found for
the frequency of abnormal, eliminative or agonistic behaviours throughout lactation.

The duration of occurrence of affiliative behaviour and inactivity of jennies on day 45,
60, 75, 90, 105, 120 and 135 of lactation, before and after 2 h of separation from their foals
for manual milking, are presented in Figures 5 and 6.
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Figure 5. Mean duration and standard deviation of occurrence of affiliative behaviour from jennies,
before and after 2 h of separation from their foals for milking, on day 45 (p = 0.99), 60 (p = 0.99), 75
(p = 0.99), 90 (p = 0.99), 105 (p = 0.99), 120 (p = 0.99) and 135 (p = 0.99) of lactation.

Figure 6. Mean duration and standard deviation of occurrence of inactivity from jennies, before and
after 2 h of separation from their foals for milking, on day 45 (p = 0.99), 60 (p = 0.99), 75 (p = 0.99), 90
(p = 0.99), 105 (p = 0.44), 120 (p = 0.07) and 135 (p = 0.11) of lactation.

No significant differences were found for the duration of affiliative behaviour and
inactivity from jennies throughout lactation.

3.2. Salivary Cortisol Concentration

The salivary cortisol concentration of jennies on day 45, 60, 75, 90, 105, 120 and 135
of lactation, before and after 2 h of separation from their foals for manual milking, are
presented in Figure 7.
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Figure 7. Mean and standard error of salivary cortisol concentration of jennies before and after 2 h of
separation from their foals for milking, on day 45 (p = 0.41), 60 (p = 0.40), 75 (p = 0.94), 90 (p = 0.79),
105 (p = 0.44), 120 (p = 0.77) and 135 (p = 0.02) of lactation. * indicates a statistically significant
difference.

A statistically significant difference between salivary cortisol concentrations of jennies
before and after separation was found on day 135 of lactation (p = 0.02), but not on day 45,
60, 75, 90, 105 or 120 of lactation (p > 0.05).

The salivary cortisol concentrations of foals on day 45, 60, 75, 90, 105, 120 and 135
of lactation, before and after 2 h of separation from their dams for manual milking, are
presented in Figure 8.

Figure 8. Mean and standard error of cortisol concentration of foals before and after 2 h of separation
from their dams for milking, on day 45 (p = 0.19), 60 (p = 0.63), 75 (p = 0.03), 90 (p = 0.82), 105 (p = 0.62),
120 (p = 0.61) and 135 (p = 0.64) of lactation. * indicates a statistically significant difference.

A statistically significant difference between salivary cortisol concentrations of foals
before and after separation was found on day 75 of lactation (p = 0.03), but not on day 45,
60, 90, 105, 120 and 135 or lactation (p > 0.05).
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3.3. Milk Yield

The average milk yield of the Pêga jennies was 566.4 ± 205.2 mL/animal/milking.
There was no correlation found between the milk yield and salivary cortisol concen-

tration pre- or post-separation (Table 2).

Table 2. Correlation between milk yield and salivary cortisol concentrations of jennies pre- and
post-2 h of separation from their foals.

Milk Yield (mL/day)
Cortisol before
2 h Separation

(nmol/L)

Cortisol after 2 h
Separation
(nmol/pL)

Milk yield (mL/day) 1.00 −0.131 −0.044

Cortisol before
2 h separation (nmol/L) 1.00 0.432

Cortisol after
2 h separation (nmol/pL) 1.00

4. Discussion
4.1. Behaviour

Behavioural observation is considered the most reliable and immediate way to assess
the perception and interaction of an animal with its environment [51]. However, the social
behaviour of donkeys has not been sufficiently studied [35].

In this study, foals were separated from the jennies for milking management starting
at 45 days of age. It is likely that the age-dependent reduction in the proximity between
jennies and their foals partially explains the small behavioural responses reported in this
study [25].

Additionally, jennies and foals were allowed to remain in physical proximity and
maintained vocal communication, as the jennies were aware of the location of their foals
during the separation period. Donkey foals begin drinking water and graze by themselves
at four weeks of age [26], and mule foals have been observed at distances of 50 to 100 m
from their dams starting from the 3rd week of life, and distances of over 100 m after the
11th week [27].

The increase in the frequency of vocalisations post-separation on day 120 of lactation,
in comparison to the pre-separation period, may have been generated by various factors.
Vocalisations are important to maintain the interactions between jennies and their foals,
e.g., to signal the start of nursing bouts or direct the activities of the foal [25], and the
increase might represent the fact that the animals were not in visual contact. It is known
that equines utilise vocal communication to express many emotional states, ranging from
curiosity, playfulness, and anticipation to distress signals, discomfort, frustration, and
stress [23]. As this increase was only observed on one assessment day, it is not possible to
determine if the increased frequency of vocalisations were a response to potential stress
from the 2-h separation period, or an attempt to communicate in the absence of visual
contact. The relevance of vocalisations as indicators of emotionality in animals must be
analysed together with the other parameters.

The absence of significant differences in behavioural measures may indicate that
both jennies and foals coped with the 2-h separation period with biologically accept-
able responses that maintained good levels of animal welfare. When faced with routine
changes, external stressors, or poor welfare conditions, animals tend to demonstrate be-
havioural signs such as a rise in inactivity [25–27], elevated frequency of urination and
defecation [43,44], altered social interactions [28] and a rise in abnormal behaviours [26].

Animals also tend to perform greater amounts of abnormal and agonistic behaviour
when responding to adverse situations, which may relate to stressors caused by housing
problems and/or improper handling [26]. Changes in the environment and activities
performed by the animals may generate alterations in the social environment [45,46]. Such
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changes were not observed in the present study, in which management alterations and
separation between dams and foals for 2 h did not significantly impact social behaviour.
The study population of purebred Pêga donkeys is unique as they encounter a wealth
of human–animal interactions throughout all developmental stages, which may have
mitigated their responses.

It is important to mention that the absence of alterations in social behaviour of the
jennies in this study may be explained by the fact their social groups were not changed,
minimising potential conflicts related to hierarchy, and might also indicate that the 2-h
separation from their foals did not challenge social stability.

Affiliative behaviours among equids provide several social benefits [47]. Some known
affiliative behaviours described for equines are mutual grooming, touching between the
muzzle and body, playing, approaching, and following [36,49], though the occurrence of
grooming and greeting are considered rare in wild jennies [48]. The occurrence of these
actions is influenced by age, reproductive stage, hormones, social structures, and ecological
conditions [47,49,50], and their quality and quantity may also be altered according to
the quality of their habitat. Animals may display an increased frequency of affiliative
behaviours to ease tensions or in situations of low perceived risk; contrarily, they may
decrease their frequency to avoid imminent conflicts or in risky situations [47].

The results presented here may indicate an absence of stress in jennies when separated
from their foals for 2 h, but further investigations are needed in regard to the normal social
behaviours of donkeys and how they vary in response to adverse situations.

Even though no significant behavioural alterations were observed in the post-separation
periods, further investigations are required in respect to the affiliative, agonistic, abnormal,
and eliminative behaviours and inactivity in order to determine if the 2-h separation is
a stressor for these animals. The study is unique in that it monitored the responses of
purebred Pêga jennies and their foals. The animals were handled on a routine basis for
other purposes, and this could have mitigated the response to the separation.

4.2. Salivary Cortisol Concentration

Cortisol was measured from saliva. This collection method is non-invasive [51–54]
and reflects the biologically active portion of the total circulating concentration [52,53,55].
It is thus less likely to induce increases in cortisol concentration when compared to plasma
cortisol sampling [54,56,57]. The aversive stimuli of drawing blood in dairy jennies may
cause more intense stress than milking [31]. Significant differences between pre- and
post-separation samples were only observed from jennies on day 135 of lactation, and
from foals on day 75 of lactation. On all other assessment days, no significant differences
between pre- and post-separation samples were observed. The significant rise in cortisol
concentration in jennies after separation on day 135 of lactation, when compared to before
separation, might have been the result of changes in management, which caused some
animals to remain separated for longer than 2 h.

Few studies regarding the response and adaptation of jennies to milking have been
performed [13,31], and no significant variance has been found in salivary cortisol concentra-
tions before and after milking, even though donkeys can show great reactivity to milking
procedures [13].

The average concentration of salivary cortisol from jennies, before milking was
790 pg/µL (217.93 nmol/L), taken between 9:00 am and 10:00 am, and 840 pg/µL
(231.72 nmol/L), taken between 12:00 pm and 2 pm, before and after separation, respec-
tively. The sampling period can alter salivary cortisol concentrations, which can reach
values of 531.72 nmol/L when taken after milking [13]. In non-pregnant mares, basal
salivary cortisol concentrations vary between 110.34 nmol/L and 331.03 nmol/L [58].
Significant differences have been reported between salivary cortisol concentrations of
donkey stallions and equine mares or geldings [59,60], which have been ascribed to species
variation [56].
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The time of day in which samples are taken also affects results, due to circadian
rhythms. Cortisol concentrations follow a clear diurnal pattern in horses, with the highest
concentrations in the morning and the lowest in the late afternoon and evening [58,61–63].
This trend has also been observed in donkeys, with high plasma cortisol levels found in
jennies milked at 8:00 am and lower values in groups milked at 4 pm [31].

As salivary cortisol levels were not measured throughout the day without routine
changes, in the present study, and the circadian rhythm may influence basal cortisol levels,
it is uncertain whether the absence of significant difference between cortisol levels before
and after separation and milking is due to the absence of stress for the animals or lower
basal levels at later times of the day [31].

It has been stated that inherent diurnal rhythms can be easily disturbed by minor
challenges [59,61] and factors such as weather and ambient temperature, and interactions
within groups may cause transient alterations [59]. Experimentally induced increases in
salivary cortisol are often relatively small, and hardly exceed the range of physiological
variations [54]. More research is needed regarding the variations in cortisol level in jennies
according time of day and seasons of the year [13,31,56].

In horses, stressful events like separation from conspecifics acutely stimulates cortisol
release [62,64], but they quickly habituate to these situations, and there are no lasting
effects on diurnal rhythm. Furthermore, repeated stressful events also result in subsequent
decreased cortisol levels [60].

The average concentration of salivary cortisol from foals before the separation from
their dams was numerically higher than those of jennies, in agreement with studies per-
formed in horses, which reported higher cortisol levels in suckling foals compared to their
dams [59]. The elevated levels of cortisol in foals may be due to immaturity, following the
same pattern found in gilts and humans [65–67], in which cortisol levels are initially high
and gradually lower while forming a circadian rhythm.

The fact that the 2-h separation period, in all but two assessments, did not generate a
significant difference between pre- and post-separation salivary cortisol concentrations in
jennies or foals may indicate that this interval was not a stressful factor capable of altering
the HPA axis, and may not compromise the welfare of the animals involved. Therefore, the
ability of jennies and foals to adapt over time in response to stress remains unclear.

4.3. Milk Yield

The milk yield data differ from other studies, which, working with jennies of the
Pêga breed in an extensive farming system in the drought season and without nutritional
supplementation, reported an average milk yield in two daily milkings of 0.614 kg/day [68].

Ragusana donkeys receiving hay ad libitum and 3.5 kg feed/day have higher yields
than those reported in this study, ranging from 0.56 to 0.59 kg/milking, from two and
eight milkings, respectively [18]. This suggests that the difference in milk production of
the different breeds could be linked to their diet [69].

The ejection of alveolar milk may be altered by stress, due to oxytocin concentration
changes and myoepithelial contraction [42]. Jennies submitted to milking without previous
training show lower milk yield when compared to jennies previously habituated to milking
management, possibly due to reduced oxytocin supply via vasoconstriction or blocking of
its receptors in the myoepithelial cells of the udder alveoli [13]. If we consider the density
of Pêga asinine milk to be 1.03 g/mL [69], the milk yield was 0.6 kg/animal/milking,
which represents approximately 0.25% of the jennies’ average body weight. Since these
animals may be milked two [10] to eight times a day [18], the total milk yield from these
jennies may be up to 4.8 kg/animal/day.

Milk yield remained constant for all animals after the 2-h separation period on all
days of lactation, and there was no correlation between the volume of milk produced and
cortisol concentration pre- and post-separation, thus separation was not a stressor that
impaired milk ejection. However, many other factors can alter milk ejection, and must be
considered before concluding that there was no stressor present during the 2 h separation.
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It is important to consider the fact that the animals had interactions with humans on
a regular basis and some of the management practices involved short-term separation of
jennies and foals.

5. Conclusions

The results presented in this study show that the behavioural categories assessed for
the jennies were only mildly altered by the 2-h separation from their foals. The only be-
havioural variable that showed significant changes was vocalisation frequency, which may
express social signalling in the absence of visual contact, and this was only observed on
one assessment day.

The 2-h separation period also failed to generate significant changes in the majority
of salivary cortisol concentration levels of jennies or foals, with the exception of one
assessment in each animal category. Therefore, it does not appear to be a stressor capable
of altering the HPA axis. Additionally, there was no apparent relationship between milk
ejection and salivary cortisol concentrations.

We acknowledge several limitations to this study, such as the absence of a control
group, the lack of true measures of basal salivary cortisol, and the low quantity of milk yield
measurements to support more robust conclusions. Behavioural observations of foals will
enhance our understanding of the impact of separation on their welfare. Further research
is needed to determine whether the separation of these animals is indeed a stressor that
could result in severe welfare problems. Additional studies are also required to determine
the long-term consequences of the separation event, as well as the results of more frequent
separation periods, on the lifelong trajectory of these animals.

Considering these results, it is important to emphasise that they are limited to one
group of purebred Pêga jennies and foals in Brazil. It is possible that their responses were
confounded by the fact that these animals were handled non-aversively on a regular basis.
We hope that this study is useful to people interested in milking donkeys.

Author Contributions: Conceptualization, S.d.S.F. and A.J.Z.; methodology, S.d.S.F., A.J.Z. and
P.H.M.R.; software, S.d.S.F., T.B. and P.H.M.R.; validation, S.d.S.F. and A.J.Z.; formal analysis, S.d.S.F.;
investigation, S.d.S.F. and A.J.Z.; resources, S.d.S.F. and A.J.Z.; data curation, S.d.S.F., T.B. and
C.A.d.A.O.; writing—original draft preparation, S.d.S.F. and A.C.D.M.; writing—review and editing,
S.d.S.F., A.C.D.M., T.B., P.H.M.R., C.A.d.A.O. and A.J.Z.; visualization, S.d.S.F., A.C.D.M., T.B.;
supervision, P.H.M.R., C.A.d.A.O. and A.J.Z.; project administration, A.J.Z.; funding acquisition,
A.J.Z. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Conselho Nacional de Desenvolvimento Científico e Tecnológico—
CNPq (Proc. Proc. 306464/2016-0 and 423833/2018-9).

Institutional Review Board Statement: The study was approved by the Committee for the Use and
Care of Animals in Research (CEUA) of the School of Veterinary Medicine and Animal Science of
the University of São Paulo, under the protocol code CEUA 8696141117 (ID 007216), approved on
17/11/2019.

Informed Consent Statement: Not applicable.

Data Availability Statement: Publicly available datasets were analyzed in this study. This data can
be found here: https://data.mendeley.com/datasets/7n9t5fn99b/2.

Acknowledgments: The authors acknowledge the contribution of the members of the Center for
Comparative Studies in Health, Sustainability and Welfare (CECSBE), with special thanks to João
Augusto Metzner for providing training and assistance in all laboratory procedures; the Department
of Preventive Veterinary Medicine and Animal Health (VPS) of the School of Veterinary Medicine
and Animal Science of the University of São Paulo; the Conselho Nacional de Desenvolvimento
Científico e Tecnológico (CNPq) for the funding provided; Rupert Palme of University of Veterinary
Medicine, Vienna, for supplying the reagents utilized for laboratory analyses; The Donkey Sanctuary
for help fostering our network with the Northeast of Brazil to gather information on the issue of
abandonment of donkeys; and Criatório Ximbó for providing the animals and facilities for this study.

https://data.mendeley.com/datasets/7n9t5fn99b/2


Animals 2021, 11, 178 15 of 17

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bordonaro, S.; Dimauro, C.; Criscione, A.; Marletta, D.; Macciotta, N.P.P. The mathematical modeling of the lactation curve for

dairy traits of the donkey (equus asinus). J. Dairy Sci. 2013, 96, 4005–4014. [CrossRef] [PubMed]
2. IBGE. Produção da pecuária municipal 2012 (In portuguese). Inst. Bras. Geogr. Estatística IBGE 2012, 40, 71.
3. Ochieng, F.; Alemayahu, M.; Smith, D. Improving the productivity of donkeys in Ethiopia. In Responding to the Increasing Global

Demand for Animal Products: Programme and Summaries 42; Department for International Development: Addis Ababa, Ethiopia,
2004; pp. 93–94.

4. Mariante, A.D.S.; Albuquerque, M.D.S.M.; Egito, A.A.; McManus, C.; Lopez, M.A.; Paiva, S.R. Present status of the conservation
of livestock genetic resources in Brazil. Livest. Sci. 2009, 120, 204–212. [CrossRef]

5. McManus, C.; Paiva, S.; Louvandini, H.; Melo, C.; Seixas, L. Jumentos no Brasil. In INCT Informaçãos Genético-Sanitária da Pecuária;
2010; pp. 1–10.

6. Girardi, A.M.; Marquez, L.C.; de Toledo, C.Z.P.; de Campos Filho, E. Hematological variables of the Pêga donkey (Equus asinus)
breed: Influence of age and sex. Comp. Clin. Pathol. 2015, 24, 335–342. [CrossRef]

7. Chiofalo, B.; Salimei, E.; Chiofalo, L. Ass’s milk: Exploitation of an alimentary resource. Riv. Folium 2001, 1, 235–241.
8. Veneziano, V.; Di Loria, A.; Masucci, R.; Di Palo, R.; Brianti, E.; Gokbulut, C. Efficacy of eprinomectin pour-on against Dictyocaulus

arnfieldi infection in donkeys (Equus asinus). Vet. J. 2011, 190, 414–415. [CrossRef]
9. Souroullas, K.; Aspri, M.; Papademas, P. Donkey milk as a supplement in infant formula: Benefits and technological challenges.

Food Res. Int. 2018, 109, 416–425. [CrossRef]
10. D’Alessandro, A.G.; Martemucci, G. Lactation curve and effects of milking regimen on milk yield and quality, and udder health

in Martina Franca jennies (Equus asinus). J. Anim. Sci. 2012, 90, 669–681. [CrossRef]
11. Tesse, R.; Paglialunga, C.; Braccio, S.; Armenio, L. Adequacy and tolerance to ass’s milk in an Italian cohort of children with

cow’s milk allergy. Ital. J. Pediatr. 2009, 35, 4–7. [CrossRef]
12. Carroccio, A.; Cavataio, F.; Montalto, G.; D’Amico, D.; Alabrese, L.; Iacono, G. Intolerance to hydrolysed cow’s milk proteins in

infants: Clinical characteristics and dietary treatment. Clin. Exp. Allergy 2000, 30, 1598–1603. [CrossRef]
13. De Palo, P.; Maggiolino, A.; Albenzio, M.; Caroprese, M.; Centoducati, P.; Tateo, A. Evaluation of different habituation protocols

for training dairy jennies to the milking parlor: Effect on milk yield, behavior, heart rate and salivary cortisol. Appl. Anim. Behav.
Sci. 2018, 204, 72–80. [CrossRef]

14. D’Alessandro, A.G.; Mariano, M.; Martemucci, G. Udder characteristics and effects of pulsation rate on milking machine efficiency
in donkeys. J. Dairy Res. 2015, 82, 121–128. [CrossRef] [PubMed]

15. Brito, M.D.F.; Seppa, G.S.; Teixeira, L.G.; Rocha, T.G.; França, T.D.N.; Hess, T.M.; Peixoto, P.V. Mammary adenocarcinoma in a
mare. Cienc. Rural 2008, 38, 556–560. [CrossRef]

16. Simoni, A.; Salimei, E.; Varisco, G. Struttura e Routine di Mungitura e Caratteristiche Della Produzione di Latte di Asina, Alimento
Ipoallergenico per l’infanzia; Atti VI convegno società Italiana di ippologia: Campobasso, Italy, 2004; pp. 85–98.

17. Burden, F.; Thiemann, A. Donkeys are different. J. Equine Vet. Sci. 2015, 35, 376–382. [CrossRef]
18. Alabiso, M.; Giosuè, C.; Alicata, M.L.; Mazza, F.; Iannolino, G. The effects of different milking intervals and milking times per day

in jennet milk production. Animal 2009, 3, 543–547. [CrossRef]
19. Doreau, M.; Boulot, S. Recent knowledge on mare milk production: A review. Livest. Prod. Sci. 1989, 22, 213–235. [CrossRef]
20. Henry, M.; McDonnell, S.M.; Lodi, L.D.; Gastal, E.L. Pasture mating behaviour of donkeys (Equus asinus) at natural and induced

oestrus. J. Reprod. Fertil. Suppl. 1991, 44, 77–86.
21. Klingel, H. Observations on Social Organization and Behaviour of African and Asiatic Wild Asses (Equus africanus and E. hemionus).

Z. Tierpsychol. 1977, 44, 323–331. [CrossRef]
22. Woodward, S.L. The Social System of Feral Asses (Equus asinus). Z. Tierpsychol. 1979, 49, 304–316. [CrossRef]
23. McGreevy, P. Equine Behavior: A Guide for Veterinarians and Equine Scientists, 2nd ed.; W. B. Saunders: Edinburgh, UK, 2012.
24. Mazzatenta, A.; Veronesi, M.C.; Vignola, G.; Ponzio, P.; Carluccio, A.; De Amicis, I. Behavior of Martina Franca donkey breed

jenny-and-foal dyad in the neonatal period. J. Vet. Behav. 2019, 33, 81–89. [CrossRef]
25. French, J.M. Mother-offspring relationships in donkeys. Appl. Anim. Behav. Sci. 1998, 60, 253–258. [CrossRef]
26. Rashek, V.A. Details of feeding and feeding behaviour in young wild asses on Barsa-Kelmes Island (Aral Sea). Zoologicheskiı̆

Zhurnal 1976, 55, 784–786.
27. Smith-Funk, E.D.; Crowell-Davis, S.L. Maternal behavior of draft mares (Equus caballus) with mule foals (Equus asinus × Equus

caballus). Appl. Anim. Behav. Sci. 1992, 33, 93–119. [CrossRef]
28. Rossdale, P.D. Perinatal behavior in the throughbred horse. In Abnormal Behavior in Animals; Fox, M.W., Ed.; W. B. Saunders:

Philadelphia, PA, USA, 1968; pp. 227–237.
29. Scott, J.P. Social behavior, organisation, and leadership in a small flock of domestic sheep. Comp. Psychol. Monogr. 1945, 18, 1–29.
30. Fazio, E.; Medica, P.; Grasso, L.; Messineo, C.; Ferlazzo, A. Changes of circulating β-endorphin, adrenocorticotrophin and cortisol

concentrations during growth and rearing in Thoroughbred foals. Livest. Sci. 2009, 125, 31–36. [CrossRef]
31. Fazio, E.; Medica, P.; Cravana, C.; Ferlazzo, A. Adrenocortical response of jennies to milking stress. Livest. Sci. 2011, 137, 278–281.

[CrossRef]

http://doi.org/10.3168/jds.2012-6180
http://www.ncbi.nlm.nih.gov/pubmed/23587386
http://doi.org/10.1016/j.livsci.2008.07.007
http://doi.org/10.1007/s00580-014-1905-y
http://doi.org/10.1016/j.tvjl.2010.11.024
http://doi.org/10.1016/j.foodres.2018.04.051
http://doi.org/10.2527/jas.2011-4283
http://doi.org/10.1186/1824-7288-35-19
http://doi.org/10.1046/j.1365-2222.2000.00925.x
http://doi.org/10.1016/j.applanim.2018.05.003
http://doi.org/10.1017/S0022029914000648
http://www.ncbi.nlm.nih.gov/pubmed/25434360
http://doi.org/10.1590/S0103-84782008000200045
http://doi.org/10.1016/j.jevs.2015.03.005
http://doi.org/10.1017/S1751731108003753
http://doi.org/10.1016/0301-6226(89)90057-2
http://doi.org/10.1111/j.1439-0310.1977.tb00999.x
http://doi.org/10.1111/j.1439-0310.1979.tb00294.x
http://doi.org/10.1016/j.jveb.2019.07.005
http://doi.org/10.1016/S0168-1591(98)00173-7
http://doi.org/10.1016/S0168-1591(05)80001-2
http://doi.org/10.1016/j.livsci.2009.02.021
http://doi.org/10.1016/j.livsci.2010.11.001


Animals 2021, 11, 178 16 of 17

32. Moberg, G.P. Biological Response to Stress: Key to Assessment of Animal Well-Being? Anim. Stress 1985, 27–49. [CrossRef]
33. Yeon, S.C. Acoustic communication in the domestic horse (Equus caballus). J. Vet. Behav. Clin. Appl. Res. 2012, 7, 179–185.

[CrossRef]
34. Wickens, C.L.; Heleski, C.R. Crib-biting behavior in horses: A review. Appl. Anim. Behav. Sci. 2010, 128, 1–9. [CrossRef]
35. Fureix, C.; Meagher, R.K. What can inactivity (in its various forms) reveal about affective states in non-human animals? A review.

Appl. Anim. Behav. Sci. 2015, 171, 8–24. [CrossRef]
36. Zanella, A.J.; Broom, D.M.; Hunter, J.C.; Mendl, M.T. Brain opioid receptors in relation to stereotypies, inactivity, and housing in

sows. Physiol. Behav. 1996, 59, 769–775. [CrossRef]
37. McPhee, M.E.; Carlstead, K. The importance of maintaining natural behaviors in captive mammals. In Wild Mammals in Captivity:

Principles and Techniques for Zoo Management, 2nd ed.; University of Chicago Press: Chicago, IL, USA, 2010; pp. 303–313.
38. Beery, A.K.; Kaufer, D. Stress, social behavior, and resilience: Insights from rodents. Neurobiol. Stress 2015, 1, 116–127. [CrossRef]
39. Andrade, A.; Pinto, S.C.; de Oliveira, R.S. Animais de Laboratório: Criação e Experimentação; FIOCRUZ: Rio de Janeiro, Brazil, 2006;

ISBN 8575410156.
40. Steimer, T. The biology of fear- and anxiety-related behaviors. Dialogues Clin. Neurosci. 2002, 4, 231–249. [PubMed]
41. Reis, L.S.L.S.; Pardo, P.E.; Frazatti-Gallina, N.M.; Paoli, R.L.; Oba, E.; Kronka, S.N.; Camargos, A.S. Effects of primovaccination

and booster vaccination on serum cortisol and humoral immune response in cattle. Adv. Biosci. Biotechnol. 2013, 04, 607–611.
[CrossRef]

42. Bruckmaier, R.M.; Wellnitz, O. Induction of milk ejection and milk removal in different production systems. J. Anim. Sci. 2008, 86,
15–20. [CrossRef] [PubMed]

43. Scheidegger, M.D.; Gerber, V.; Ramseyer, A.; Schüpbach-Regula, G.; Bruckmaier, R.M.; van der Kolk, J.H. Repeatability of the
ACTH stimulation test as reflected by salivary cortisol response in healthy horses. Domest. Anim. Endocrinol. 2016, 57, 43–47.
[CrossRef]

44. Martin, P.; Bateson, P. Measuring Behaviour: An Introductory Guide; Cambridge University Press: Cambridge, UK, 2007.
45. Regan, F.H.; Hockenhull, J.; Pritchard, J.C.; Waterman-Pearson, A.E.; Whay, H.R. Behavioural repertoire of working donkeys

and consistency of behaviour over time, as a preliminary step towards identifying pain-related behaviours. PLoS ONE 2014, 9.
[CrossRef]

46. Cozzi, A.; Sighieri, C.; Gazzano, A.; Nicol, C.J.; Baragli, P. Post-conflict friendly reunion in a permanent group of horses (Equus
caballus). Behav. Processes 2010, 85, 185–190. [CrossRef]

47. Heitor, F.; do Mar Oom, M.; Vicente, L. Social relationships in a herd of Sorraia horses. Part I. Correlates of social dominance and
contexts of aggression. Behav. Processes 2006, 73, 170–177. [CrossRef]

48. Schmidt, E.; Zillikens, D. Modern diagnosis of autoimmune blistering skin diseases. Autoimmun. Rev. 2010, 10, 84–89. [CrossRef]
49. Schmidt, E.; Dähnrich, C.; Rosemann, A.; Probst, C.; Komorowski, L.; Saschenbrecker, S.; Schlumberger, W.; Stöcker, W.;

Hashimoto, T.; Bröcker, E.B.; et al. Novel ELISA systems for antibodies to desmoglein 1 and 3: Correlation of disease activity with
serum autoantibody levels in individual pemphigus patients. Exp. Dermatol. 2010, 19, 458–463. [CrossRef] [PubMed]

50. SAS Institute Inc. SAS/SHARE®9.4: User’s Guide, 2nd ed.; SAS Institute Inc.: Cary, NC, USA, 2016.
51. Möstl, E.; Palme, R. Hormones as indicators of stress. Domest. Anim. Endocrinol. 2002, 23, 67–74. [CrossRef]
52. Lebelt, D.; Schönreiter, S.; Zanella, A.J. Salivary cortisol in stallions: The relationship with plasma levels, daytime profile and

changes in response to semen collection. Pferdeheilkunde 1996, 12, 411–414. [CrossRef]
53. Kirschbaum, C.; Hellhammer, D.H. Salivary cortisol. In Encyclopedia of Stress; Fink, G., Ed.; Academic Press: San Diego, CA, USA,

2000; Volume 3, pp. 379–384.
54. Schmidt, A.; Möstl, E.; Wehnert, C.; Aurich, J.; Müller, J.; Aurich, C. Cortisol release and heart rate variability in horses during

road transport. Horm. Behav. 2010, 57, 209–215. [CrossRef]
55. Riad, F.D.; Read, G.F.; Walker, R.F. Variation in Endocrine Activity. J. Steroid Biochem. 1983, 19, 265–272. [CrossRef]
56. Bonelli, F.; Rota, A.; Aurich, C.; Ille, N.; Camillo, F.; Panzani, D.; Sgorbini, M. Journal of Equine Veterinary Science Determination

of Salivary Cortisol in Donkey Stallions. J. Equine Vet. Sci. 2019, 77, 68–71. [CrossRef]
57. Hopster, H.; Van Der Werf, J.T.N.; Erkens, J.H.F.; Blokhuis, H.J. Effects of Repeated Jugular Puncture on Plasma Cortisol

Concentrations in Loose-Housed Dairy Cows. J. Anim. Sci. 1999, 77, 708–714. [CrossRef]
58. Aurich, J.; Wulf, M.; Ille, N.; Erber, R.; Von Lewinski, M.; Palme, R.; Aurich, C. Effects of season, age, sex and housing on salivary

cortisol concentrations in horses. Domest. Anim. Endocrinol. 2015. [CrossRef]
59. Schmidt, A.; Biau, S.; Möstl, E.; Becker-Birck, M.; Morillon, B. Changes in cortisol release and heart rate variability in sport horses

during long-distance road transport. Domest. Anim. Endocrinol. 2010, 38, 179–189. [CrossRef]
60. Schmidt, A.; Hödl, S.; Möstl, E.; Aurich, J.; Müller, J.; Aurich, C. Cortisol release, heart rate, and heart rate variability in

transport-naive horses during repeated road transport. DAE 2010, 39, 205–213. [CrossRef]
61. Irvine, C.H.G.; Alexander, S.L. Factors affecting the circadian rhythm in plasma cortisol concentrations in the horse. Domest.

Anim. Endocrinol. 1994, 11, 227–238. [CrossRef]
62. Nagel, C.; Erber, R.; Bergmaier, C.; Wulf, M.; Aurich, J.; Möstl, E.; Aurich, C. Cortisol and progestin release, heart rate and heart

rate variability in the pregnant and postpartum mare, fetus and newborn foal. THE 2012, 78, 759–767. [CrossRef] [PubMed]

http://doi.org/10.1007/978-1-4614-7544-6_3
http://doi.org/10.1016/j.jveb.2011.08.004
http://doi.org/10.1016/j.applanim.2010.07.002
http://doi.org/10.1016/j.applanim.2015.08.036
http://doi.org/10.1016/0031-9384(95)02118-3
http://doi.org/10.1016/j.ynstr.2014.10.004
http://www.ncbi.nlm.nih.gov/pubmed/22033741
http://doi.org/10.4236/abb.2013.45079
http://doi.org/10.2527/jas.2007-0335
http://www.ncbi.nlm.nih.gov/pubmed/17709779
http://doi.org/10.1016/j.domaniend.2016.04.002
http://doi.org/10.1371/journal.pone.0101877
http://doi.org/10.1016/j.beproc.2010.07.007
http://doi.org/10.1016/j.beproc.2006.05.004
http://doi.org/10.1016/j.autrev.2010.08.007
http://doi.org/10.1111/j.1600-0625.2010.01069.x
http://www.ncbi.nlm.nih.gov/pubmed/20163452
http://doi.org/10.1016/S0739-7240(02)00146-7
http://doi.org/10.21836/PEM19960407
http://doi.org/10.1016/j.yhbeh.2009.11.003
http://doi.org/10.1016/S0022-4731(83)80035-1
http://doi.org/10.1016/j.jevs.2019.02.027
http://doi.org/10.2527/1999.773708x
http://doi.org/10.1016/j.domaniend.2015.01.003
http://doi.org/10.1016/j.domaniend.2009.10.002
http://doi.org/10.1016/j.domaniend.2010.06.002
http://doi.org/10.1016/0739-7240(94)90030-2
http://doi.org/10.1016/j.theriogenology.2012.03.023
http://www.ncbi.nlm.nih.gov/pubmed/22626780


Animals 2021, 11, 178 17 of 17

63. Bohák, Z.; Szabó, F.; Beckers, J.; De Sousa, N.M.; Kutasi, O.; Nagy, K.; Szenci, O. Domestic Animal Endocrinology Monitoring the
circadian rhythm of serum and salivary cortisol concentrations in the horse. Domest. Anim. Endocrinol. 2013, 45, 38–42. [CrossRef]
[PubMed]

64. Alexander, S.L.; Irvine, C.H.G. The effect of social stress on adrenal axis activity in horses: The importance of monitoring
corticosteroid-binding globulin capacity. J. Endocrinol. 1998, 157, 425–432. [CrossRef] [PubMed]

65. Vermes, I.; Dohanics, J.; Tóth, G.; Pongrácz, J. Maturation of the circadian rhythm of the adrenocortical functions in human
neonates and infants. Horm. Res. 1980, 12, 237–244. [CrossRef] [PubMed]

66. Franks, R.C. Diurnal Variation of Plasma 17-Hydroxycorticosteroids in Children. J. Clin. Endocrinol. Metab. 1967, 27, 75–78.
[CrossRef]

67. Evans, F.D.; Christopherson, R.J.; Aherne, F.X. Development of the Circadian Rhythm of Cortisol in the Gilt from Weaning Until
Puberty. Can. J. Anim. Sci. 1988, 68, 1105–1111. [CrossRef]

68. Santos, I.C.B. Produção e Composição do Leite de Jumentas da Raça Pêga. Master’s thesis, Federal University of Bahia, Salvador,
Brazil, 2017.

69. Martini, M.; Altomonte, I.; Licitra, R.; Salari, F. Nutritional and Nutraceutical Quality of Donkey Milk. J. Equine Vet. Sci. 2018, 65,
33–37. [CrossRef]

http://doi.org/10.1016/j.domaniend.2013.04.001
http://www.ncbi.nlm.nih.gov/pubmed/23688596
http://doi.org/10.1677/joe.0.1570425
http://www.ncbi.nlm.nih.gov/pubmed/9691975
http://doi.org/10.1159/000179126
http://www.ncbi.nlm.nih.gov/pubmed/7399396
http://doi.org/10.1210/jcem-27-1-75
http://doi.org/10.4141/cjas88-126
http://doi.org/10.1016/j.jevs.2017.10.020

	Introduction 
	Animals, Materials and Methods 
	Animals, Housing and Management 
	Experimental Design 
	Behaviour Assessments 
	Saliva Sampling 
	Milking 
	Salivary Cortisol Analysis 
	Data Analysis 

	Results 
	Behaviour 
	Salivary Cortisol Concentration 
	Milk Yield 

	Discussion 
	Behaviour 
	Salivary Cortisol Concentration 
	Milk Yield 

	Conclusions 
	References

