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1 Executive Summary

In this review we summarise the current literature on sensory abilities, sensory enrichments and
feeding enrichment materials/solutions for ruminants and equines. Relevant references from each
species are included, and gaps in knowledge are identified when references are lacking. The review
is not exhaustive, but represents the more recent, and relevant studies on the topics. The review
first outlines the limited information available about the sensory abilities of the species considered
with regards to the five senses: hearing, olfaction, touch, vision, and taste. The review then
summarises the available literature on sensory enrichment, which like the one on sensory abilities,
is very sparse. In general, research has focussed on visual abilities. Although much remains to be
studied, there seems to be good potential to use the sensory abilities of the considered species to
enrich their environments. The review further outlines current knowledge about various types of
feeding enrichments, focusing on diversity and variety of feed, sensory familiarity, feed neophobia,
and mode of presentation. There seems to be good potential to enrich the lives of the species
considered by acting on feeding methods, strategies and substrates. Lastly, the review highlights
key factors to focus on during welfare inspections, as well as gaps in the currently existing
knowledge. These points lead to the suggestion of future highly relevant research areas within all
topics, which could increase enrichment for all species considered.

Domestic ruminants and equines are kept in a wide range of environments with varying
complexity, from individual housing in barren pens to rearing in large groups in semi-natural
environments. The richness of the environment has an impact on animal welfare. EURCAW
Ruminants & Equines proposed to review the available knowledge on environmental enrichment
for the species covered by the Centre. The first review introduces the issue of environmental
enrichment in general: What does a enriched environment mean? What are the various types of
enrichment and what are the main consequences of a poor vs. enriched environment? Then
separate reviews address the various types of enrichment: occupational and physical enrichment;
sensory and feeding enrichment; and relational enrichment (including the impact of the presence
of conspecifics and that of other species including humans). The goal is to understand the
underlying mechanisms and how they impact on the various animal types. Directive 98/58/EC for
the protection of farmed animals mentions ethological (behavioural) needs, but not positive
emotions or enrichment. Directive 2008/119/EC for the protection of farmed calves further
specifies that calves must have visual and tactile contacts and must be kept in group from the
age of 8 weeks. Directive 2010/63/EU for the protection of animals used for scientific purposes
mentions enrichment, in reference to the expression of behaviour and the reduction of negative
emotions (stress). For the purpose of EURCAW Ruminants & Equines the reviews on enrichment
will therefore mainly address enrichment relevant to behavioural or sensorial needs and will make
no distinction between animals used for farming or scientific purposes.
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3 Definitions

The present review addresses the enrichments relevant to sensory stimulation and to feeding.

Sensory enrichment can be defined as the modifications of the environment that stimulate one
or more of the animal's five senses, which are sight, hearing, smell, touch and taste, in order to
improve animal welfare. Sensory enrichment does not refer to only the sensation (detection of
sensory information by a sensory receptor), but requires a positive perception of the stimuli
involved (organisation, interpretation and conscious experience of them; Rgrvang et al., 2020)
and/or a cognitive stimulation (Coren, 2003). Consequently, the environmental conditions whose
investigation is limited to their ability to improve animal comfort and/or reduce injuries (e.g.
flooring substrates: cattle (Tuyttens, 2005); sheep (Fzerevik et al, 2005)), without addressing
their cognitive sensory stimulation for providing positive emotions, are not considered in the
review. Besides, as established in the review on the introduction to enrichment in ruminants and
equines (Botreau et al., 2023?), the environmental conditions that only satisfy basic needs are not
considered as enrichments. For example, the provision of light to avoid obscurity, or of "silence”
to avoid loud sounds, are not covered by the review. Instead, the stimulations induced by changes
in light quality (in time and space) or in music provision, along with the questioning of choices of
the individuals, fall within the scope of the review.

The impact of sensory stimulations will depend on the sensory abilities of the different kinds of
animals concerned. The first section is thus devoted to review the literature about these abilities.
It has to be noted that important discrepancies exist in the knowledge referenced for the different
herbivorous species, both with regard to sensory abilities and enrichment studies. Camelids but
more importantly buffaloes, bison and deer are very poorly represented in the literature on these
topics. All the environments in which animals are housed stimulate the animal’s senses as these
senses are vital for survival and adaptation. Therefore, all types of enrichment (e.g. physical,
occupational, relational, feeding) have multiple dimensions, including a sensory dimension. In
order to avoid overlap between reviews, a distinction has been made. As an example, brushes for
scratching/grooming can fall within both physical, occupational and sensory enrichment. Brushes
and human stroking are considered in the present review as a tactile stimulation dimension.
Similarly, the consideration of visual horizons and friendly human voice are included in the present
review.

Feeding enrichment can be defined as the modification of the environment related to feed and
feeding that stimulates the animal and elicits positive emotions. It involves modifications to the
feed (nature, diversity) and the way it is delivered to the animals (accessibility in time and space).
In that way, feeding enrichment is not independent from the occupational and physical
enrichment. Feeds are characterised by their biochemical composition (contents in nutrients,
fibres, etc.) and by their sensory properties (odour, taste, etc.). In this review, we address feeding
enrichment sequentially through the lens of nutritional and sensory characteristics. For the sake
of clarity, sensory enrichment related to the sense of taste is dealt with the feeding enrichment,
as feed is the main source of taste stimulation in the animal’s environment.

5
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4  Scientific knowledge on animal needs and abilities

4.1 Sensory abilities
In the sections below we present a brief introduction to the sensory abilities of the species
considered. Research on the sensory abilities of domestic ungulates, including the considered
species, is sparse. The knowledge presented here is thus by nature incomplete.

4.1.1 Cattle

Sight - Cattle have a panoramic view encompassing 320-330°, with limited overlapping sight in
front of the head (Entsu et al., 1992; Phillips, 2002). The acuity of vision is 1/22 and hence slightly
less than the human acuity that is 1/12 (Entsu et al., 1992). Cattle have both rod and cone
receptors, and thus distinguish colours (Gilbert and Arave, 1986; Phillips and Lomas, 2001; Riol
et al., 1989), especially those in long wavelengths (yellow, orange, and red) but may have
difficulty in distinguishing the shorter wavelengths (blue, grey, and green) (Riol et al., 1989).
Cattle are very sensitive to motion and contrasts of light and dark (Grandin, 2000).

Hearing - Cattle hear sound frequencies from 23 Hz to 35 kHz (compared to 20 Hz to 20 kHz in
humans) with a best frequency set at 8 kHz (Heffner and Heffner 1983; Watts and Stookey 2000
for review). Amplitudes at or above 85 dB seem aversive for cattle (Arnold et al, 2007; Johns et
al, 2015).

Smell - Cattle possess a great number of functional genes coding for the olfactory receptors: 900-
1100, depending on the study, compared to about 800-900 in dogs and less than 400 in humans
(Lee et al., 2013; Niimura et al., 2015), which would confer them with good olfactory abilities.
Cattle are equipped to detect different types of odours such as fatty, sour, hay-like, sweet, rancid
or spicy odours (Lee et al., 2013). Cows are able to distinguish between complex odours (coffee
and orange juice) (Rgrvang et al., 2017), and to recognise conspecifics or human emotional states
using olfactory cues (Destrez et al., 2021)(Baldwin 1977). Using their vomeronasal organ, cattle
may be able to detect pheromones indicating the reproductive state or stress state of conspecifics
(Terlouw et al., 1998; Boissy et al., 1998).

Taste - Cattle perceive the five primary tastes (Phillips, 2002; Waldern and Van Dyk, 1971). Cows
have approximately 20,000 taste receptors on their tongue, compared to less than 7000 for
humans and 1700 for dogs (Roura et al., 2008). Taste perception, discrimination thresholds and
preference change with age (Phillips, 2002).

Touch = Cattle perceive tactile stimulations in many situations such as feeding or social interactions
(positive such as licking, agonistic, with humans) (Schmied et al., 2008; Laister et al., 2011). Such
perception may lead to discrimination or learning, as well as positive/negative appreciation of the
stimulations. During human stroking, cattle seem to prefer neck/withers zones than chest as it is
the case in intraspecific licking. Cattle are also able to detect low electric currents and are
disturbed by these at lower levels than humans (3-mA, 0.7V) (Henke Drenkard et al., 1985).
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4.1.2 Sheep and goats

Sight = Sheep and goats have a wide field of vision (290° and 320-340°, respectively) and both
have good ability to see in low light (Adamczyk et al., 2015). Sheep and goats have a dichromatic
vision with a sensitivity to yellow-green (552-555 nm) and blue-purple (444-445 nm) colours
(Jacobs et al., 1998; Adamczyk et al., 2015). Sheep can discriminate objects differing in
brightness (Bazely and Ensor, 1989).

Hearing = Sheep have similar hearing sensitivity to humans but greater sensitivity for ultrasounds
(Kendrick 2008) that may make them sensitive to machine sounds. The auditory range of sheep
is from 125 Hz to 42 kHz with the best frequency of hearing at 10 kHz (Heffner and Heffner,
1992). The auditory range of goats is from 78 Hz to 37 kHz with best frequency at 2 kHz (Heffner
and Heffner, 1992).

Smell - Sheep can detect olfactory cues both via the olfactory epithelium and the vomeronasal
organ (Adamczyk et al., 2015). The sense of olfaction is particularly important for the
establishment of sexual behaviour in female and the ewe-lamb bond at birth (Morgan et al., 1975),
and is also involved in the recognition of the flock mates (Fisher & Matthews, 2001).

Taste = Sheep have the lingual receptors for the four basic tastes (Bell and Kitchell, 1966), the
fifth taste, umami has not yet been investigated. Sheep and goats express preferences or
rejection, depending on the taste and its intensity, indicating they perceive them (Ginane et al.,
2011 for review). Goats express stronger preferences for sweetness than sheep. Sheep are also
quite tolerant to bitterness, at least at low intensities, but less than goats (Goatcher and Church,
1970).

Touch = Sheep and goats are sensitive to tactile stimuli. For example, goats detect insects on their
muzzle during feeding (Berman et al, 2019). Both goats and sheep are sensitive to intraspecific
and human tactile stimulation inducing increased vigour after birth, avoidance/approach or
relaxation states (Miranda-de la Lama and Mattiello, 2010; Coulon et al., 2015; Nowak and Boivin,
2015). Social tactile interactions are rare in adult sheep, except body contact during rest,
rumination or in stressful situations; they are more frequent in goats, whether positive or
negative.

4.1.3 Eqguines

Sight - Horse have a wide field of vision of about 350° (Timney and Macuda, 2001). Horse’s eyes
have a slow adaptation to changes in luminosity but a good scotopic vision. They are able to
discriminate yellow, green, blue, and red boxes from grey (Hall et al., 2006), but have difficulty
in discriminating red or blue from grey, with individual variability (Blackmore et al., 2008). Horses
have two small blind zones when the neck is horizontal: one just under the nose, the other just
behind the tail, but they disappear as soon as the horse moved its head. There are anatomical
differences between the donkey, mule, and horse eyes (for details, see Wissdorf et al. (2021)
which may affect the way these species perceive and thus react to stimuli in their environment.

7
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Hearing = Horses’ hearing range is 55Hz to 33.5kHz, with the best sensitivity between 1-16kHz
(Heffner and Heffner 1983). They do not have a very precise localisation, from 12° to 22-30°
(Heffner &Heffner 1992; Timney and Macuda, 2001) and appear unable to localise pure tones of
2kHz and higher (Timney and Macuda, 2001). Donkeys could be less sensitive than horses to loud
sounds (Gonzalez-De Cara et al., 2017).

Smell = Horses possess a similar number of olfactory receptor genes as cows (Niimura et al.,
2015). Equine nostrils permit stereo-olfaction for localisation of the odour (Stoddart 1980).
Lindsay and Burton (1983) documented the existence of the vomeronasal organ in horses. The
sense of smell is important in social encounters, and horses show interest in sniffing urine or
faeces (Crowell-Davis and Houpt, 1985). Mutual sniffing is commonly observed during greetings
(Rubenstein and Hack, 1992; Saslow, 2002) and sexual behaviour (Stahlbaum and Houpt, 1989).
Horses can also discriminate between human emotional odours (Sabiniewicz et al., 2020). The
olfactory bulb is smaller in donkeys and is rotated more forward than in horses. For detailed
anatomical differences of the donkey, mule, and horse see Wissdorf et al (2021).

Taste - Generally, horses are able to perceive sweet, bitter, salt and acid in water, and there is
large individual variation (Randall et al 1978).

Touch = A recent review suggests that equids clearly react to tactile stimulation but not necessarily
positively and that the strong variability among studies would require further research (Gueguen
et al., 2022). In donkeys, based on the the use of Von Frey filaments, Gonzalez-De Cara et al.
(2017) showed that the body areas with the highest sensitivity in donkeys are the withers, back,
forelimbs, ribs and stomach (on both sides), while the lowest sensitive areas are the neck, rump,
hindlimbs and the front.

For detailed review of all equine sensory abilities see Rgrvang et al., 2020.

4.1.4 Camelids
Sight - As camelids have a high placement of their head on a long neck (Faye et al., 2022), and
due to the retinal structure of the eye, camelids are considered to have high visual acuity (Harman
et al., 2001).

Hearing - Ali et al. (2022) has concluded that camelids have an efficient hearing in desert
conditions. Notably, the dimensions of the cochlear parameters of the inner ear mean that camels
hear low frequencies even over large distances (Ali et al., 2022).

Smell - The olfactory receptors in camel are unusually located in the rostro-dorsal part of the nasal
septum (Abo-Ahmed et al., 2021). Chen et al (2009) found that the rhinencephalon of the Bactrian
camel brain was well developed, accordant with a good olfactory sense.

Taste - The attraction of camel for halophytes and aromatic plants neglected by other grazers is
well known (Faraz et al., 2022). The histological structures of the papillae on the tongue of camel
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were similar to those of other domestic mammals, but the well-developed von Ebner’s glands
suggested their abundant serous secretion reflecting a high gustative ability (Elhassan, 2022).

Touch - The camel skin is thick but highly sensitive. Camel skin is devoid of skin muscle unlike
horses and consequently cannot ward off the flies by shaking the skin (Faye et al., 2022). The
skin structure of camel is similar to that other ruminants (Jarrar and Faye, 2012) but relatively
poor in zinc (Kamili et al., 2020) explaining its sensitivity to skin diseases (Faye et al., 2022).

4.2 Feeding

Most domestic herbivores are generalists and select diverse diets as soon as they have the
opportunity to do so (Duncan et al., 2003). They also generally select a diet of better quality than
the average value of the available vegetation (Arnold, 1981). The selection of several feed types
or plant species occurs in very contrasting situations, both indoors and outdoors, in simple (binary
choice) and heterogeneous (dozens of available feed items) feeding environments, with high but
also low-quality feed items (cattle: Ginane et al., 2002a; sheep: Agreil and Meuret, 2004; goat:
Sari¢ et al., 2014). This occurs even when one of the feeds is nutritionally balanced or of high
quality (cattle: Ginane and Petit, 2005;_horse: Goodwin et al., 2002). Consuming a diversified
diet may thus appear as a “natural” behaviour for domestic herbivores, which may require, from
a positive animal welfare perspective, being provided with such diversity along with the
opportunity to express explorative and selective behaviours (Zanon et al., 2022).

The motivation of herbivores for diversified diets is supposed to be due to complementary
processes. The “satiety hypothesis” is based on transient aversions for nutrients (Provenza, 1996)
and sensory characteristics (Rolls, 1986) along with monotonous feed consumption. The “nutrient
balance hypothesis” (Westoby, 1974) is based on the optimisation of diet composition relative to
needs, by combining different feeds as a single plant cannot fulfil all of the animal’s nutritional
requirements (Parsons et al., 1994). The “detoxification limitation hypothesis” (Freeland and
Janzen, 1974) is based on the avoidance of the saturation of detoxification pathways relative to
each plant’s secondary metabolite. The search for optimal ruminal conditions (Cooper et al.,
1995), the need for regular sampling of the feeds offered, to update and gain knowledge about
them (Westoby, 1974), and the motivation to diversify the sensory properties of the selected diet
(Rolls, 1986) are also hypothesised.

This widespread choice for diversity questions the impact of feed monotony on the satisfaction of
animal needs and expectations relative to the feeding domain (Beck and Gregorini, 2020; Leiber
et al., 2020), both from a nutritional and sensory point of view, while a large part of domestic
herbivores are fed with monotonous diets for weeks and months. This is the case for dairy cows
or goats on total mixed rations or low diversified fertilized pastures, fattening bulls or lambs as
well as horses in riding houses or used for sport or competition that are fed on highly concentrate
diets with only limited amounts of straw or hay.

Space and time diversity and variety in feeds on offer may provide animals with the opportunity
to compose their diet by mixing feed items, relative to their own nutritional needs and sensory

preferences (Villalba et al., 2010; van den Berg et al., 2016). They may also allow taking account
9



M : REV-Ruminants-Equines-2023-03-EN
%/\(( T\ / 7Y Version 1.0 - April 2023
.1/ \y /A Sensory and feeding enrichment in ruminants and equines

A Ruminants
oramimawanne & EqQUines

of temporal variability in animals’ needs and preferences and allow animals to have some control
over their environment by having the possibility to make choices (Beck and Gregorini, 2020). Feed
diversity sensu largo (diversity and variety) thus would provide opportunities for feeding
enrichment for an improvement of animal well-being.

Feeds are characterised by sensory properties (detectable before ingestion: texture, odour, taste,
etc.) and by biochemical composition (detectable after ingestion: contents in nutrients, fibres,
minerals, secondary compounds). Both participate in feeding preferences and are interdependent.
Notably, evolutionary processes have shaped feed palatability consistently with their nutrient or
toxin contents. This can make the assessment of their respective influence difficult. The literature
nevertheless suggests that one can act on both aspects to enrich the feeding environment of the
animals, with different potential benefits for them.

5 Minimising welfare problems and supporting best practices

5.1 Sensory enrichment
5.1.1 Visual

5.1.1.1 Light

Offering an animal a choice of, or control over the lighting in its environment potentially increases
welfare. Studies on the topic are however sparse. In a study where calves could turn the lights on
or off as they wanted, they spent 67% of time with light on (16h/24h) (Baldwin and Start (1981).
In dairy cows, enrichment with light, to supplement natural light, showed different effects
depending on whether the natural day length was declining or increasing and on the location of
the light enrichment (Phillips et al., 1998). Providing supplementary light only in the lying area
have adverse effects on cow’s production and welfare in decreasing day-length, such effects were
not recorded for increasing day-length.

5.1.1.2 Visual horizons
In cattle, providing access to a view of the surroundings does not affect the use of the loafing
area, suggesting that their view has little motivational value for cattle (Haskell et al., 2013). In
horses, on the contrary, having a view of an inaccessible space increases stereotypic behaviours
and decreases the time spent resting compared to having a view of neighbouring horses (Cooper
et al., 2000; Lesimple et al., 2020). There is no evidence of the effects of light or visual horizons
on other ruminant or equine species.

5.1.2 Auditory

5.1.2.1 Musical enrichment
Music seems positively perceived by cattle. In dairy cows, the exposure to country music
stimulates the voluntary approach to being milked (Uetake et al., 1997), the exposure to classical
music during milking increases milk let-down speed (Kiyici et al., 2013), and milking frequency
by an automatic milking system inceases when cows are provided with slow music (Lemcke et al.,
2021: 74 pieces of various type (classical, rock, blues, etc.) with a tempo of less than 100 bpm).
Playing music in the barn results in less stereotypies, less vocalisations and more locomotive

10
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behaviour (Crouch et al., 2019: 4 h per day of classical music, country music, or audiobook).
Additionally, when exposed to classical music and audiobooks, cows display more positive social
interactions. In sheep and goats, data is sparse and the published studies are quite unconvincing
due to weaknesses in methods or in results presentation. In horses, exposure to classical music
increases ingestive behaviour, decreases stereotypies as well the time spent vigilant (Huo et al.,
2021), and positively affects their emotional state (race horses, Stachurska et al., 2015). Hartman
and Greening (2019) showed that classical music exposure at night led to increased ingestion and
recumbent resting behaviours. During stressful situations such as transport, classical music can
induce a faster post-stress heart rate recovery (Neveux et al. 2016). During farriery, these effects
are not observed.

Beyond music, Sueur and Pelé (2019) proposed that animals can be exposed to radio broadcast
or television. Radio broadcast is a complex acoustic stimulation mixing human voice and different
types of music. In studies on some captive species (including cattle), exposure to radio broadcasts
is associated with a decrease in stress indicators or agonistic interactions, or an increase in
productivity (Wells, 2009). Sueur and Pelé (2019) stated that animals should be allowed to turn
on/off the radio to be stimulated when they wish, however not all animals in a group will have the
same motivation.

5.1.2.2  Friendly human voice

In dairy calves, a study showed that positive behaviour from the stockperson, which includes
talking calmly to animals (and also gently petting), was associated with animals expressing a
higher degree of positive mood (Qualitative Behaviour Assessment, Ellingsen et al., 2014) and
lower fear reactions to people (Lensink et al., 2001). In horses, soothing vocal cues do not
enhance an animal’s ability to perform a novel potentially-frightening task (Heleski et al. 2015).
Trosch et al. (2019) found that horse behaviour and heart rate vary depending on the tone: horses
react negatively to an angry human voice and positively to a joyful human voice. Results from
Lansade et al. (2021) indicate that horses are sensitive to pet-directed speech (the way people
spontaneously talk to their pets, similar to baby talk),and that pet-directed speech can thus foster
communication between people and horses.

5.1.3 Tactile
5.1.3.1 Opportunities to scratch and human stroking or brushing
In natural conditions, when trees are available, animals use them for scratching different body
regions (Kohari et al., 2007). When no trees are available, brushes can be set up in farming
systems to satisfy the need of grooming of all species tested, who use them daily. Examples of
studies for various species are as follows: cattle: DeVries et al., 2007; Mandel et al., 2013; sheep:
Tamioso et al., 2017; goats: Stachowicz et al., 2018; Gomes et al., 2018; horses: Lansade et al.,
2022. Brushes are particularly used on body regions hard to reach like the head and the neck
(cattle: DeVries et al., 2007; Van Os et al, 2021; horses: Lansade et al., 2022). Cattle prefer
automatic rather than stationary brushes (Strappini et al, 2021). The use of brushes have been
associated with a decrease in aggressive or stereotypic behaviours (cattle: Ninomiya and Sato,
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2009; Meneses et al., 2021), while allogrooming was either increased (horses: Lansade et al.,
2022) or decreased (cattle: Meneses et al., 2021) when brushes are present.

If animals are habituated to close human presence, human stroking or brushing is a good way to
induce positive emotions as indicated by observed relaxation postures (ears, stretched neck
position), reduced heart rate and parasympathetic activation, or oxytocin release (calves:
Westerath et al., 2014; dairy cows: Schmied et al., 2008; Proctor and Carder, 2014; sheep:
Coulon et al., 2015; Tamioso et al., 2017; horses: Lansade et al., 2018). Dairy heifers can also
search for human proximity after just being stroked by humans (Bertenshaw and Rowlinson, 2008)
and sheep prefer the human who brushed them relative to a familiar handler who did not
(Chaumont et al., 2021). Nevertheless, regarding human brushes or stroking, Westerath et al.
(2014) mentioned that some animals could never perceive them as rewarding. The presence of
the dam, particularly if untamed, can be also a strong factor that limits the effect of human
proximity and stroking in cattle (Boivin et al., 2009), lambs (Boivin et al., 2002) or horses (Henry
et al., 2005).

As for all enrichments, brushes should be provided when all minimum standards for animal welfare
are met. Indeed, the access to an automated brush does not reduce stress responses in socially
isolated dairy cows (Mandel et al., 2019).

5.1.4 Olfactory
5.1.4.1 New odours: for diversity and stimulation
Adding odours to the environment of ruminants and equids can constitute an element of novelty.
Studies in cattle olfaction are lacking, and the one study found showed that cattle quickly lost
interest in scented enrichment devices (Wilson et al., 2002). Rgrvang et al. (2022) showed that
all horses approach and sniff odours of non-social origin (here: lavender, orange, cedar wood,
peppermint) indicating that horses are motivated to investigate odours.

5.1.4.2 Pheromones for comforting

Results on presumably calming pheromones are conflicting. The actual efficacy of commercially
available products must be checked. Falewee et al. (2006) tested a commercially available
pheromone (0.1% solution as a spray) in a controlled study on 40 horses and found significantly
lower heart rates and less fear-related behaviour in horses treated with the pheromone. Collyer
and Wilson (2016) later tested a pheromone gel on horses thought to be experiencing separation
anxiety and found no significant effect, except a tendency for the product to dampen extreme
anxiety. Berger et al. (2013) tested the pheromone spray during abrupt weaning of foals (n = 14)
and found no significant effects of the pheromone treatment on behaviour nor cortisol
concentration.

5.1.5 Gustatory
Adding tastes or flavours is considered in the section on « Feeding enrichment ».
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5.2 Feeding enrichment
5.2.1 Feeding enrichment - Motivation for feed diversity and variety

5.2.1.1 Stimulation of ingestion
Several studies have observed an improvement of Dry Matter Intake (DMI) when a diversity of
feeds is offered to animals. Examples include the studies from Ginane et al. (2002) on cattle,
Cortes et al. (2006) and Garrett et al. (2021) on sheep, Sari¢ et al. (2014) and Murney et al.
(2019) on goats, and Goodwin et al. (2002) on horses. They illustrate the increases in intakes as
soon as two different types of feed are offered compared to one, a general phenomenon among
large domestic herbivores.

The amplitude of the increase is varying, for example, from +10% to 23% in Ginane’s study
(cattle) to a more than +100% in Sari¢’s one (goat). This increase is not systematic, since in some
studies such increase is not reported (sheep: Catanese et al., 2013; Villalba et al., 2012). The
probability for an increase in intake is greater when the feed offered alone is of low quality
compared to the additional feeds (sheep: Meier et al., 2014), when the magnitude of differences
between feeds is high (as shown in pigs, Middelkoop et al., 2018), and when the number of feed
alternatives is high (goat: Sari¢ et al., 2014). The facility for the animal to sort (even a little) the
preferred elements from the monotonous diet (e.g., low facility in a total mixed ration), and the
accessibility of the alternatives, also affects the increase in total DMI as these elements affect the
rate at which feeds can be consumed.

5.2.1.2 Search for diversity and variety

As mentioned previously, the choice for diversity is widespread in domestic herbivores. Some
situations allow highlighting more particularly the animal’s motivation for diversity. For example,
when one of the feeds is nutritionally balanced or of high quality, one can assume the animal to
select only this feed as it provides the best balance of benefits over costs. However, it is not
unusual to observe a non-negligible intake of and feeding time on alternatives including when
their quality is far lower (cattle: Ginane et al., 2002), when they are the least preferred feeds
(horse: Goodwin et al., 2002), or when there is a cost for obtaining the lower value alternatives
(cattle: Ginane and Petit, 2005;Meagher et al., 2017). Horses have also been shown to prefer
spending time in a stall that provides multiple forages rather than only one (horse: Goodwin et
al., 2007).

These responses are often observed in the short-term (up to few days). On a longer term, some
studies have shown a progressive extinction of partial preferences (sheep: Favreau et al., 2011),
suggesting that a long-lasting diversified diet can become monotonous. This underlines the
potential beneficial effects of feed variety, i.e. “the temporal allocation of different feeds” (Garrett
et al., 2022) beyond feed diversity. The motivation for feed variety is mostly expressed by a
temporary increase in preference for the feed not recently consumed, including when it is of low
quality (cattle: Ginane et al., 2002; sheep: Favreau et al., 2010).
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5.2.2 Feeding enrichment — Benefits of feed diversity and variety

5.2.2.1 Lower stress levels and improved welfare
Feed diversity is associated in some studies with lower stress levels, expressed either as lower
levels of cortisol or lower lymphocyte numbers (sheep: Catanese et al., 2013), or as lower
occurrence of stereotypical (sheep: Garrett et al., 2021) or agonistic behaviours (horse: Jgrgensen
et al., 2011). The effects of feed diversity on cortisol levels vary between studies, some studies
showing low (sheep: Villalba et al., 2012) or no effect (cattle: Lagrange et al., 2021).

One hypothesis is that food diversity can increase the time spent foraging (Dumbell and Tackley,
2007; Garrett et al., 2022). This is notably the case when animals are provided with fibrous feeds
with a low intake rate such as straw (horses: Lundqvist and Elisabeth Mdller, 2022), when they
have to seek a patch of herbage at pasture or when they have to sort the preferred feed items
within mixtures (cattle: DeVries et al., 2008; sheep: Cortes et al., 2006). So, beyond the
nutritional enrichment, the increases in feeding times may make feed diversity an occupational
enrichment as well (see Botreau et al. (2023)° for the EURCAW Ruminants & Equines’ review on
physical and occupational enrichment).

5.2.2.2 Improvement of performances
Beyond changes in ingestion, some studies have shown an improvement of performance due to
feed diversity or variety, such as increases in milk production (goat: Murney et al., 2019) or in
daily weight gain (cattle: Lagrange et al., 2021; lamb: Garrett et al., 2021) when offered the
choice of several feeds.

5.2.2.3 Benefits for animal health

Feed diversity is beneficial for animal health as it can allow animals to select a feed item that may
rectify some disorders. For example, lambs subjected to gastrointestinal parasitic load increase
their preference for a feed rich in a secondary metabolite (condensed tannin) (sheep: Juhnke et
al., 2012). In another context, dairy cows under subacute ruminal acidosis challenge can increase
their selection of longer feed particles supposed to stimulate salivation, where saliva has a buffer
effect on pH due to its content of bicarbonates (Keunen et al., 2002; DeVries et al., 2008;
Kmicikewycz and Heinrichs, 2015).

5.2.2.4 Improved adaptability to new feeding contexts
Feed diversity can improve the acceptability of novel feeds later in life (sheep: Catanese et al.,
2012), which can facilitate feed transitions and lower stress at these new encounters.

5.2.3 Feeding enrichment — Method and pattern of feed delivery

5.2.3.1 Pattern of feed delivery over time
In dairy cows, increasing the number of daily feed deliveries (x1, x2 or x4) increases feeding time
and leads to a more even feeding activity over the day, which may limit pH diurnal fluctuations
(DeVries et al., 2005). This also allows for a more equal access to fresh feed for all cows and,
whilst it does not decrease the occurrence of aggressive interactions, it seems to reduce
displacement of the subordinate cows by more dominant ones. This may reduce the variation in
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consumed diet quality between cows, as their sorting behaviour leads to a decrease in the ration
value over the day (DeVries et al., 2005). In sheep, adding a feed delivery improves total intake
by simulating feeding activity and over-riding satiety (Baumont et al., 1990a). For horses that are
out in a paddock during the day and indoors at night, feeding them both day and night, compared
to only at night modifies their time budget by increasing foraging and affiliative interactions while
decreasing locomotion, standing alert and agonistic behaviours (Benhajali et al., 2009). Mares fed
with “continuous” access to hay present fewer oestrus abnormalities and an increased conception
rate compared to mares with access only at night (Benhajali et al., 2013).

Concerning the predictability of feed delivery, one study in milk-fed calves shows that animals
accustomed to irregular or regular feed delivery do not differ in behaviours, indicating that
predictability may not be so important to them. However, occasional deviations in a predictable
scheme induces frustration behaviour (Johannesson and Ladewig, 2000). In horses, a delayed
feeding time induces a greater expression of frustration as well (Zupan et al., 2020).

5.2.3.2 Way of feed delivery

In dairy cows, increasing feeding space, but above all, adding feed stalls leads to increased feeding
time and lower displacements of subordinate cows, thereby improving their access to the feed
and lowering social competition (DeVries and Von Keyserlingk, 2006). In fattening steers, the
addition of a drum can for hay delivery inside the pen in addition to a conventional trough,
increases the frequencies of active behaviours including feeding time once the steers had
habituated to the drum can (Ishiwata et al., 2006). More steers also fed at the drum can than at
the trough, the authors suggested that the drum may better facilitate the expression of foraging
behaviour. In goats, when animals have the choice between feeders positioned at three different
heights, from the ground level to an elevated level (upward angulation of head and neck mimicking
the browsing posture), they consume more feed and at a higher rate from the elevated feeder
(Neave et al., 2018). A greater level of competition between goats is also observed, as shown by
a higher frequency of displacements at the elevated feeder. This indicates a higher motivation of
goats for the elevated feeder that promotes their natural browsing posture. Elevated troughs
should be in sufficient number to avoid competition. In horses, offering hay in a hay-bag, hay-net
or other types of slow-feeders increases the time spent eating compared to offering hay without
such devices (Rochais et al., 2018; Correa et al., 2020). The slow-feeders can decrease the
occurrence of abnormal behaviours and increase positive behaviour toward humans. However,
hay-bags can also increase the expression of frustration behaviours (Rochais et al., 2018).

5.2.3.3 Feed processing
In dairy calves, the provision of wheat straw as a supplement of the starter diet, decreases non-
nutritional behaviours and increases solid feed intake, but the particle size of wheat straw has no
effect on feeding behaviour nor on other activities (Bagheri et al., 2021). This may be due to the
small difference in particles sizes (1, 4 or 7 mm-long). When differences are greater (3-4 cm vs.
2 mm) for grass hay, calves express lower non-oral behaviours, greater intake and diet
digestibility with the coarsely-chopped than with the finely-chopped hay (Montoro et al., 2013).
In sheep, providing hay in rolls (i.e. round bales) induced a lower frequency of the abnormal wool-
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biting behaviour post-feeding, compared to animals offered hay as bales (Huang and Takeda,
2017). The rolled hay is supposed to allow sheep expressing normal foraging movements, thus
preventing the frustration due to the lack of oral stimulation with baled hay (Huang and Takeda,
2018). Similarly, in fattening lambs, when animals are provided with long straw, they spend more
time foraging and playing and express less stereotypies than when they receive chopped straw
(Aguayo-Ulloa et al., 2019). When lambs can choose between the two, they clearly prefer long
straw.

5.2.4 Sensory enrichment from feeds

Within the feeding activity, the sensory stimulation coming from feed is important although it is
difficult to dissociate from the nutritional value of the feed. They bear diverse roles such as a way
to discriminate between feeds, a means of pleasure or a cue to the feed value (Favreau-Peigné et
al., 2013). In this section, we will focus on the hedonic value of feed sensory characteristics, i.e.,
on their palatability, as a potential enrichment for the animals in the pleasure they can provide
them with during their feeding activity. Complementary to elements presented in the section on
the nutritional enrichment, the feed sensory characteristics will be considered for their own value,
independently from the feed nutritional value, as much as possible.

In humans, the hedonic value of feed sensory properties can override the satiety signals,
decreasing their ability to stop feeding (Yeomans et al., 2004). In herbivores, some feeds are
more palatable than others (e.g., grain or fresh sward) sometimes leading to excessive intake
(Baumont et al., 1990b). In studies where the post-ingestive consequences of the feeds or
flavours are controlled, animals often express clear preferences for some feeds, flavours or tastes
(sheep: Favreau et al., 2010a, ¢, b; horses: Goodwin et al., 2005), with different degrees of
variability between individuals. This indicates that large herbivores are sensitive to the sensory
properties of feeds.

5.2.4.1 Diversity and variety in feed sensory properties

The sensory-satiety hypothesis states that the hedonic response to the sensory characteristics of
a given feed changes and decreases as the feed is consumed (Rolls, 1986), motivating the animal
to search for alternative feeds or flavours (Provenza, 1996). This theory has been applied to large
domestic herbivores and suggests that these animals are sensitive to diet monotony and that
diverse oro-sensorial stimuli affect the motivation to eat and so may constitute a feeding
enrichment. The studies that investigated the effects of diversity or variety in feed sensory
characteristics, independently from the nutritional ones are few in number.

In sheep, the access to a given ration flavoured with different basic tastes or flavours can slightly
increase total intake (Villalba et al., 2011, +4 to +8%), although this depends on the study and
the type of ration (Distel et al., 2007; Villalba et al., 2015). In the study by Villalba et al. (2011),
this tended to be accompanied by an increase in lambs’ growth (+26%). Feed sensory properties
can greatly influence short term choices with a clear preference for the forage that was not
previously consumed, independently from the associated post-ingestive consequences (sheep:
Favreau et al., 2010c).
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5.2.4.2 Sensory familiarity to decrease neophobia

Feed neophobia can be a problem when animals are confronted with drastic changes in diet during
their productive life (Costa, 2015). Neophobia occurs as a protective mechanism towards
potentially negative consequences of eating an unknown feed. It is all the more important if the
exposure to a new feed occurs in an unfamiliar environment (Burritt and Provenza, 1997). Flavour
learning, notably the one that occurs in young age (pre- and postnatal) can help animals to cope
with stressful events such as weaning when they are re-exposed to the known flavours during
those events (e.g., in pigs: Oostindjer et al., 2011). In sheep, the use of a familiar flavour of a
new feed can increase its acceptance by animals as seen by an increased intake and intake rate
(Launchbaugh et al., 1997) including from the first day of exposure (Tien et al., 1999). In goats,
the intake of the fragrant plant Chromonaela odorata during gestation, induces a greater
acceptance of the plant in their kids after weaning (Hai et al., 2012), suggesting the development
of a sensory familiarity that decreases neophobia.

5.2.4.3 Mode of presentation
In horses, wetting or wetting and sweetening the feed (oat) increases the willingness to eat,
indicated by a lowered smelling time before feeding, a longer feeding time, lower breaks in feeding
activity, and lower amounts of leftovers (Stachurska et al. 2022).
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Table 1: Summary of sensory and feeding enrichments found in the scientific literature and their relevance for ruminants and equines. «* = tested and
relevant, -- = tested and controversial effects, X= tested and not relevant, ? = not tested but probably relevant (expertise), .= not tested and uncertain

Enrichment Roles/needs covered Comment Cattle Buffaloes Bisons Goats Sheep Horses Donkeys Camelids Deer

Light

Visual horizons

Music

Friendly human
voice

Supports to
scratch, human
stroking/brushing

Odours and
pheromones

Feed diversity and
variety

Increased feed
delivery frequency

More space at
trough

Slow-feeder

Elevated feeder

Longer straw/hay
particle length

Wet feed

Sensory familiarity
on new feed

Supplementary indoor
light

Decrease boredom

Decrease stress

Decrease stress

Grooming, positive
emotions

Decrease boredom and
anxiety

Stimulate ingestion,
pleasure

Stimulate feeding,
decrease competition

Increase feeding,
decrease competition

Increase foraging
activity and time

Browsing behaviour

Increase foraging
activity and time

Increase foraging

Decrease neophobia

Lead to frustration if
inaccessible

Human stroking: depends on

human proximity, prior

experience and forced or not

Very sparse studies

Choice between feed is better

Warning if deviates from a

predictable scheme

Can lead to frustration if too

much slowing effect

For browsing species

Tested on young animals

? ?
? ?
? ?

? ?
? ?
? ?

I

v
?

?

v

?

v
v

?

v

v
?
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6 Key factors to focus on during welfare inspections

Factors to focus on during inspection of sensorial and feeding enrichment are listed below.

6.1 Factors related to sensory enrichment

e Light and visual horizons: providing the animals with a choice or a sense of control over the
light in their environment might improve their welfare

e Music and friendly human voice: Music and friendly human voice can lower stress, provide
positive affective states, and be perceived as positive social interactions

e Scratching and stroking: an opportunity to scratch against a physical device or being stroked
by a human can induce behaviour indicative of positive affective states

e New odours: exposure to a more complex olfactory environment with non-aversive odours can
add diversity and olfactory stimulation

e Pheromones: should be used with caution because potential positive effects have not been
demonstrated in the considered species

6.2 Factors related to feeding enrichment

e Strategy for feed delivery: attention required regarding the predictability of feed delivery for
the animals. Be aware that occasional deviations can have a negative impact

e Strategy for feed delivery: favouring a greater number of feed distributions

e Presence of solutions for increasing feeding duration: long-fibre feeds, hay nets or slow-
feeders, considering that they are available for all individuals

e Places at trough: at least one per animal, more is better

e For goats: height of trough or feeder. Elevated position to be favoured, but considering a good
availability for all goats and all feeds (otherwise risks of aggressive social competition).

7 Gaps in knowledge and further studies needed

As clearly illustrated in Table 1, much scientific knowledge is still lacking concerning sensory and
feeding enrichment for ruminants and equines.

7.1 Gaps related to sensory enrichment

e "Music” enrichment: ruminant and equine species have hearing abilities close to those of
humans. The studies cited in this review that investigated music as an enrichment showed
globally positive effects, in horses and cattle. This encourages further investigations on the
potential of music, notably in other species, and for a variety of acoustic stimuli, so as to
identify those characteristics of “"music” that make such sounds enriching or not: frequency,
amplitude, type, volume, duration of play, time of play; and to understand the underlying
mechanisms: masking-effect of the ambient noise or specific positive effects (Wells, 2009).

e Enrichment from brushes: the literature shows that both ruminants and equines appreciate
brushes, but some preferences are referenced between static, automatic or human-mediated
ones. It would be useful to understand the relative influences of the tactile vs. occupational
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vs. social (or relational) incentives in making brushes an enrichment and in motivating the
animals to use them. It could also be useful to know the number of brushes to have for a given
herd size. This could help choosing the type of brush depending on the objectives.

e Olfactory enrichment: although herbivorous species are considered to have good olfactory
abilities, there is a lack of knowledge on how these abilities may be used to enrich their
environment. The hypothesis of a comforting effect of familiar (or conditioned) odours
previously associated with positive experience or environment, or of appeasing/stimulating
effects of pheromones or essential oils, deserve to be tested, even if the manipulation of
odours may not be easy on farm. As for the auditory enrichment, the area of research is vast
and many factors could be tested such as the type of smell, intensity and dose effect, duration
and area of exposition, animal’s stage of life, species, experience, etc., with the need to
identify priorities.

e For auditory enrichment, and a lesser extent olfactory and visual, the enrichment applies to
all animals within a given area (wide reach). Particularly for these kinds of enrichment,
attention will need to be paid on the individual variability relative to the effects of enrichment
and to animal preferences. Solutions for allowing animals to escape stimuli will also have to
be considered.

e For tactile enrichment,considering aspects such as flooring types/designs could add more to
the welfare of the ruminants and equines than lying or walking comfort. Offering animals a
choice between flooring types should be tested to check if the choice per se increases welfare.

7.2 Gaps related to feeding enrichment

e Sensory enrichment from feeds: very few studies investigated the hedonic aspect of offering
a diversity or variety of feeds while controlling for the effects of the nutritional properties.
Effects on positive emotions and affective states as well as on feeding motivation, and
consequences on animal health and performance, at different time scales and considering
individual variability, deserve to be tested.

e Feed diversity vs. variety: there is no study that compares these two modes of offering feeding
enrichment for ruminants and equines. As they may fulfil different expectations in animals and
imply different constraints for the farmer, their effects on animals (motivation, anticipation,
impact on stereotypical behaviour, performance) should be compared. Effects should be
investigated over different time periods.

e Feed diversity for allowing each individual to select its own appropriate diet: this is considered
an important benefit of feed diversity in recent reviews but has not been comprehensively
tested (excepted relative to toxic feeds or to nutritive ones in nutrient-deficient animals).
Knowing whether and when animals are able or not to self-regulate (nutrient balance, self-
medication), including when highly palatable feeds are provided, should be investigated.

e Feed diversity for facilitating feeding transitions: periods of changes in diet composition may
be challenging for the ruminants and equines, particularly when they are not familiar with the
new feeds, due to a neophobic process. Consequences can be important in terms of intake
level, welfare and performance. The potential of feed diversity (habituation to diverse feeds,
notably in young age) to lower neophobia and facilitate feeding transitions, deserves to be

investigated.
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8 Conclusions

The review highlights a need for more information about the sensory abilities of ruminants and
equines, in order to promote research on sensory enrichment, which is hugely underrepresented
in the research field on enrichment. Generally, the available research focusses on visual abilities
of the animals, and on topics directly linked to increasing production output. Although a large
amount of research remains to be done, there seems to be good potential to use the sensory
abilities of the considered species to enrich their environments. Olfactory enrichment by use of
novel or calming odours, auditory enrichment in the form of music, tactile enrichment in the form
of brushes are areas with good potential. In relation to feeding enrichment, knowledge is also
sparse, although there seems to be potential to increase the use of feed for enriching the
environment. Areas of potential impact could be by increasing diversity and variety of feed, using
this to avoid/circumvent feed neophobia and adapting the mode of feed presentation. Collectively,
this review highlights two under represented areas of enrichment; sensory and feeding
enrichment, which warrant further research. More knowledge could constitute a vast potential to
increase enrichment materials, strategies and procedures for all species considered.

21



REV-Ruminants-Equines-2023-03-EN

~~ \g

£ g S\ /) Version 1.0 — April 2023
g W };f"’;;’ Sensory and feeding enrichment in ruminants and equines

EURCAWHuminaan

EU Reference Centre J .
eranmawarre & EQUiNeEs

Abo-Ahmed, A.l., Eshrah, E.A., & Latifi, F., (2021). Unique nasal septal island in dromedary camels may
play a role in pain perception: microscopic studies. Saudi Journal of Biological Sciences, 28(7), 3806-
3815. http://doi.org/10.1016/j.sjbs.2021.03.057.

Adamczyk, K., Gérecka-Bruzda, A., Nowicki, J., Gumutka, M., Molik, E., Schwarz, T., Earley, B., & Klocek,
C. (2015). Perception of environment in farm animals - A review. Annals of Animal Science, 15(3),
565-589. https://doi.org/10.1515/a0as-2015-0031.

Agreil, C., & Meuret, M. (2004). An improved method for quantifying intake rate and ingestive behaviour of
ruminants in diverse and variable habitats using direct observation. Small Ruminant Research, 54,
99-113. https://doi.org/10.1016/j.smallrumres.2003.10.013.

Aguayo-Ulloa, L. A., Pascual-Alonso, M., Gonzalez-Lagos, C., Miranda-de la Lama, G. C., Villarroel, M.,
Asenjo, B., Resconi, V., & Maria, G. A. (2019). Behaviour and welfare of fattening lambs supplemented
with varying sizes and types of straw. Journal of Animal Physiology and Animal Nutrition, 103(6),
1747-1757. https://doi.org/10.1111/jpn.13205.

Ali, S., Esmat, A., Erasha, A., & Yasuda Alsafy, M., (2022). Morphology and morphometry of the inner ear
of the dromedary camel and their influence on the efficiency of hearing and equilibrium. Zoological
Letters, 8(1), 1-11. http://doi.org/ 10.1186/s40851-022-00196-0.

Arnold, G. W. (1981). Grazing behaviour. In F. H. W. Morley (Ed.), Grazing animals (pp. 79-104).

Arnold, N.A., Ng, K.T., Jongman, E.C., & Hemsworth, P.H., (2007). The behavioural and physiological
responses of dairy heifers to tape-recorded milking facility noise with and without a pre-treatment
adaptation phase. Applied Animal Behaviour Science 106 (1-3), 13-25.
https://doi.org/10.1016/j.applanim.2006.07.004.

Bagheri, N., Alamouti, A. A., Norouzian, M. A., Mirzaei, M., & Ghaffari, M. H. (2021). Effects of wheat straw
particle size as a free-choice provision on growth performance and feeding behaviors of dairy calves.
Animal, 15(2), 100128. https://doi.org/10.1016/j.animal.2020.100128.

Baldwin, B.A., (1977). Ability of goats and calves to distinguish between conspecific urine samples using
olfaction. Applied Animal Ethology 3(2), 145-150. https://doi.org/10.1016/0304-3762(77)90023-2.

Baldwin, B.A., & Start, I.B., (1981). Sensory reinforcement and illumination preference in sheep and calves.
Proceedings of The Royal Society B 211(1185), 513-526. https://doi.org/10.1098/rspb.1981.0020.

Baumgartner, M., Gandorfer, J., Reiter, K., & Zeitler-Feicht, M.H., (2015). Abnormal behaviour of
individually stabled horses dependent on situation and bedding material. Aktuelle Arbeiten zur
artgemaBen Tierhaltung. KTBL Schr 510, 190-192.

Baumont, R., Malbert, C. H., & Ruckebush, Y. (1990). Mechanical stimulation of rumen fill and alimentary
behaviour in sheep. Animal Production, 50, 123-128. https://doi.org/10.1017/S0003356100004529.

Baumont, R., Seguier, N., & Dulphy, J. P. (1990). Rumen fill, forage palatability and alimentary behaviour
in sheep. Journal of Agricultural Science Cambridge, 115, 277-284.
https://doi.org/10.1017/50021859600075249

Bazely, D. R., & Ensor, C. V. (1989). Discrimination learning in sheep with cues varying in brightness and
hue. Applied Animal Behaviour Science, 23, 293-299. https://doi.org/10.1016/0168-1591(89)90098-

1.
Beck, M. R., & Gregorini, P. (2020). How dietary diversity enhances hedonic and eudaimonic well-being in
grazing ruminants. Frontiers in Veterinary Science, 7(April), 1-14.

https://doi.org/10.3389/fvets.2020.00191.
Bell, F. R., & Kitchell, R. L. (1966). Taste reception in the goat, sheep and calf. Journal of Physiology, 183,
145-151. https://doi.org/10.1113/jphysiol.1966.sp007856.

22



M ’ REV-Ruminants-Equines-2023-03-EN

& —\ /) Version 1.0 - April 2023
g W {-\‘f’j‘/" Sensory and feeding enrichment in ruminants and equines

EURCAW Ruminants

Reference Centre g .
formmarweitare - & FQUINES

Benhajali, H., Ezzaouia, M., Lunel, C., Charfi, F., & Hausberger, M. (2013). Temporal feeding pattern may
influence reproduction efficiency, the example of breeding mares. PLoS ONE, 8(9).
https://doi.org/10.1371/journal.pone.0073858.

Benhajali, H., Richard-Yris, M.-A., Ezzaouia, M., Charfi, F., & Hausberger, M. (2009). Foraging opportunity:
A crucial criterion for horse welfare? Animal, 3(9), 1308-1312.
https://doi.org/10.1017/S1751731109004820.

van den Berg, M., Giagos, V., Lee, C., Brown, W. Y., & Hinch, G. N. (2016). Acceptance of novel food by
horses: The influence of food cues and nutrient composition. Applied Animal Behaviour Science, 183,
59-67. https://doi.org/10.1016/j.applanim.2016.07.005.

Berman, T.S., Glasser, T.A., & Inbar, M., (2019). Goats adjust their feeding behaviour to avoid the ingestion
of different insect species. Canadian Journal of Zoology 97(9), 805-811. https://doi.org/10.1139/cjz-
2019-0010.

Bertenshaw, C. E., & Rowlinson, P. (2008). Exploring heifers’ perception of ‘positive’ treatment through
their motivation to pursue a retreated human. Animal Welfare, 17(3), 313-3109.
https://doi.org/10.1017/50962728600032231.

Blackmore, T. L., Foster, T. M., Sumpter, C. E., & Temple, W. (2008). An investigation of colour
discrimination with horses (Equus caballus). Behavioural Processes, 78(3), 387-396.
https://doi.org/10.1016/j.beproc.2008.02.003.

Boissy, A., Terlouw, C., & Le Neindre, P.A., (1998). Presence of cues from stressed conspecifics increases
reactivity to aversive events in cattle: evidence for the existence of alarm substances in urine.
Physiology and Behaviour 63(4), 489-495. https://doi.org/10.1016/S0031-9384(97)00466-6.

Boivin, X., Boissy, A., Nowak, R., Henry, C., Tournadre, H., & Le Neindre, P. (2002). Maternal presence
limits the effects of early bottle feeding and petting on lambs’ socialisation to the stockperson. Applied
Animal Behaviour Science, 77(4), 311-328. https://doi.org/10.1016/S0168-1591(02)00084-9.

Boivin, X., Gilard, F., & Egal, D. (2009). The effect of early human contact and the separation method from
the dam on responses of beef calves to humans. Applied Animal Behaviour Science, 120(3-4), 132-
139. https://doi.org/10.1016/j.applanim.2009.05.011.

Botreau, R., Lesimple, C., Brunet, V., & Veissier, I. (2023)2. Review - Environmental enrichment in
ruminants and equines - Introduction. EURCAW Ruminants & Equines.
https://doi.org/10.5281/zenodo.7685132

Botreau, R., Brunet, V., & Lesimple, C. (2023). Review - Physical and occupational enrichment in ruminants
and equines. EURCAW Ruminants & Equines. https://doi.org/10.5281/zenodo.7687759

Burritt, E. A., & Provenza, F. D. (1997). Effect of an unfamiliar location on the consumption of novel and
familiar foods by sheep. Applied Animal Behaviour Science, 54(4), 317-325.
https://doi.org/10.1016/50168-1591(97)00005-1

Catanese, F., Distel, R. A., Provenza, F. D., & Villalba, J. J. (2012). Early experience with diverse foods
increases intake of nonfamiliar flavors and feeds in sheep. Journal of Animal Science, 90(8), 2763-
2773. https://doi.org/10.2527/jas.2011-4703.

Catanese, F., Obelar, M., Villalba, J. J., & Distel, R. A. (2013). The importance of diet choice on stress-
related responses by lambs. Applied Animal Behaviour Science, 148(1-2), 37-45.
https://doi.org/10.1016/j.applanim.2013.07.005.

Chaumont, S., Freitas-de-Melo, A., Pinto-Santini, L., Menant, O., Zambra, N., & Ungerfeld, R. (2021). Rams
recoghize and prefer the human who regularly brushed them. Applied Animal Behaviour Science, 236.
https://doi.org/10.1016/j.applanim.2021.105250.

Chen, 1., Bai, Z., Gao, C., & Wang, J., (2009). Morphology of rhinencephalon and hippocampal formation of
the bactrian camel (Camelus bactrianus) with their adaptive features. Veterinary research
communications, 33(1), 25-32. http://doi.org/ 10.1007/s11259-008-9068-4.

23



M ’ REV-Ruminants-Equines-2023-03-EN

& —\ /) Version 1.0 - April 2023
g W {-\‘f’j‘/" Sensory and feeding enrichment in ruminants and equines

EURCAW Ruminants

Reference Centre g .
formmarweitare - & FQUINES

Collyer, P.B. & Wilson, H.S., (2016). Does a commercial pheromone application reduce separation anxiety
in separated horse pairs?. Journal of Veterinary Behavior: Clinical Applications and Research. 100, 94.
https://doi.org/10.1016/].JVEB.2016.08.064.

Cooke, L., Carnell, S., & Wardle, 1., (2006). Food neophobia and mealtime food consumption in 4-5 year
old children. International Journal of Behavioral Nutrition and physical activity 3, 1-6.
https://doi.org/10.1186/1479-5868-3-14.

Cooper, 1.]., McDonald, L., & Mills, D.S., (2000). The effect of increasing visual horizons on stereotypic
weaving: implications for the social housing of stabled horses. Applied Animal Behaviour Science 69,
67-83. https://doi.org/10.1016/s0168-1591(00)00115-5.

Cooper, S. D. B., Kyriazakis, I., & Nolan, J. V. (1995). Diet selection in sheep: the role of the rumen
environment in the selection of a diet from two feeds that differ in their energy density. British Journal
of Nutrition, 74, 39-54. https://doi.org/10.1079/BJN19950105.

Coren, S. (2003). Sensation and Perception. In Freedheim, D. K., & Weiner, I. B. (Eds.), Handbook of
psychology: Volume 1, History of psychology (pp. 85-108).

Correa, M. G., Rodrigues e Silva, C. F., Dias, L. A., da Silva Rocha Junior, S., Thomes, F. R., Alberto do
Lago, L., de Mattos Carvalho, A., & Faleiros, R. R. (2020). Welfare benefits after the implementation
of slow-feeder hay bags for stabled horses. Journal of Veterinary Behavior, 38, 61-66.
https://doi.org/10.1016/j.jveb.2020.05.010.

Cortes, C., Damasceno, J. C., Jamot, J., & Prache, S. (2006). Ewes increase their intake when offered a
choice of herbage species at pasture. Animal Science, 82, 183-191.
https://doi.org/10.1079/ASC200527.

Costa, J. H. C. (2015). Food neophobia, feeding and sorting behaviour in dairy calves. University of British
Columbia. https://dx.doi.org/10.14288/1.0165824.

Coulon, M., Nowak, R., Peyrat, J., Chandéze, H., Boissy, A., & Boivin, X. (2015). Do lambs perceive regular
human stroking as pleasant? Behavior and heart rate variability analyses. PLoS ONE, 10(2), 1-14.
https://doi.org/10.1371/journal.pone.0118617.

Crouch, K., Evans, B., & Montrose, V.T. (2019). The effects of auditory enrichment on the behaviour of
dairy cows (Bos taurus). Poster session presented at British Society of Animal Science Annual
Conference 2019, Edinburgh, United Kingdom.

Crowell-Davis, S.L., Houpt, K.A., & Carini, C.M., (1985). Mutual grooming and nearestneighbor relationships
among foals of Equus caballus. Applied Animal Behaviour Science 15, 113-23.
https://doi.org/10.1016/0168-1591(86)90057-2.

De, K., Kumar, D., Mohapatra, A., & Saxena, V.K., (2019). Effect of bedding for reducing the postshearing
stress in sheep. Journal of Veterinary Behavior 33, 27-30.
https://doi.org/10.1016/j.jveb.2019.04.003.

Destrez, A., Costes-Thiré, M., Viart, A. S., Prost, F., Patris, B., & Schaal, B. (2021). Male mice and cows
perceive human emotional chemosignals: a preliminary study. Animal Cognition, 24(6), 1205-1214.
https://doi.org/10.1007/s10071-021-01511-6.

DeVries, T. J., Dohme, F., & Beauchemin, K. A. (2008). Repeated ruminal acidosis challenges in lactating
dairy cows at high and low risk for developing acidosis: Feed sorting. Journal of Dairy Science, 91(10),
3958-3967. https://doi.org/10.3168/jds.2008-1347.

DeVries, T. 1., Vankova, M., Veira, D. M., & Von Keyserlingk, M. A. G. (2007). Short communication: Usage
of mechanical brushes by lactating dairy cows. Journal of Dairy Science, 90(5), 2241-2245.
https://doi.org/10.3168/jds.2006-648.

DeVries, T. J., & Von Keyserlingk, M. A. G. (2006). Feed stalls affect the social and feeding behavior of
lactating dairy cows. Journal of Dairy Science, 89(9), 3522-3531. https://doi.org/10.3168/jds.S0022-
0302(06)72392-X.

24



M ’ REV-Ruminants-Equines-2023-03-EN

& —\ /) Version 1.0 - April 2023
8 W ’D,,x{-;f";;" Sensory and feeding enrichment in ruminants and equines

EURCAW Ruminants

Reference Centre g .
formmarweitare - & FQUINES

DeVries, T. J., Von Keyserlingk, M. A. G., & Beauchemin, K. A. (2005). Frequency of feed delivery affects
the behavior of Ilactating dairy cows. Journal of Dairy Science, 88(10), 3553-3562.
https://doi.org/10.3168/jds.S0022-0302(05)73040-X.

Distel, R. A., Iglesias, R. M. R., Arroquy, J., & Merino, J. (2007). A note on increased intake in lambs through
diversity in food flavor. Applied Animal Behaviour Science, 105(1-3), 232-237.
https://doi.org/10.1016/j.applanim.2006.06.002.

Dumbell, L. C., & Tackley, A. (2007). Multiple forages as a behavioural enrichment for individually stabled
horses. Proceedings of the British Society of Animal Science, 2007(1987), 175-175.
https://doi.org/10.1017/s1752756200020780.

Duncan, A. J., Ginane, C., Gordon, I. J., & @rskov, E. R. (2003). Why do herbivores select mixed diets? In
L. 't Mannetje, L. Ramirez-Avilés, C. Sandoval-Castro, & J. C. Ku-Vera (Eds.), Vith International
Symposium on the Nutrition of Herbivores (pp. 195-209). Universidad Autonoma de Yucatan.

Elhassan, M., (2022). Histology of the lingual vallate papillae of the dromedary camel (Camelus
dromedarius). University of Bahri Journal of Veterinary Sciences, 1(2), 72-79.

Ellingsen, K., Coleman, G. J., Lund, V., & Mejdell, C. M. (2014). Using qualitative behaviour assessment to
explore the link between stockperson behaviour and dairy calf behaviour. Applied Animal Behaviour
Science, 153, 10-17. https://doi.org/10.1016/j.applanim.2014.01.011.

Entsu, S., Dohi, H., & Yamada, A. (1992). Visual acuity of cattle determined by the method of discrimination
learning. Applied Animal Behaviour Science, 34, 1-10. https://doi.org/10.1016/S0168-
1591(05)80052-8.

Faraz, A., Hussain, S.M., Passantino, A., & Pugliese, M., (2022). Vegetation choice and browsing behavior
of camels in different management conditions. Acta Scientific Veterinary Sciences (ISSN: 2582-3183),
4(2).

Falewee, C., Gaultier, E., Lafont, C., Bougrat, L., & Pageat, P., (2006). Effect of a synthetic equine maternal
pheromone during a controlled fear-eliciting situation. Applied Animal Behaviour Science 101, 144-
53. https://doi.org/10.1016/j.applanim.2006.01.008.

Favreau-Peigné, A., Baumont, R., & Ginane, C. (2013). Food sensory characteristics: their unconsidered
roles in the feeding behaviour of domestic ruminants. Animal, 7(5), 806-813.
https://doi.org/10.1017/S1751731112002145.

Favreau, A., Baumont, R., Duncan, A. J., & Ginane, C. (2010a). Sheep use pre-ingestive cues as indicators
of post-ingestive consequences to improve food learning. Journal of Animal Science, 88, 1535-1544.
https://doi.org/10.2527/jas.2009-2455.

Favreau, A., Baumont, R., Ferreira, G., Dumont, B., & Ginane, C. (2010b). Do sheep use umami and bitter
tastes as cues of post-ingestive consequences when selecting their diet? Applied Animal Behaviour
Science, 125, 115-123. https://doi.org/10.1016/j.applanim.2010.04.007.

Favreau, A., Ginane, C., & Baumont, R. (2010c). Feeding behaviour of sheep fed lucerne v. grass hays with
controlled post-ingestive consequences. Animal, 4, 1368-1377.
https://doi.org/10.1017/S1751731110000443.

Favreau, A., Ginane, C., & Baumont, R. (2011). The hedonic value of food diversity in sheep is not only a
matter of choice. In 8th International Symposium on the Nutrition of Herbivores (p. 344).
Aberystwyth, Wales: Cambridge University Press.

Faye, B., Konuspayeva, G., & Magnan, C., (2022). L'élevage des grands camélidés. Ed. QUAE, Versailles,
coll. Guide pratique, 204p, ISBN 978-2-7592-3499-8 , https://doi.org/10.35690/978-2-7592-3500-
1.

Fisher, A., & Matthiews, L. (2001). The social behaviour of sheep. In Keelings, L. & Gonyou, H. (Eds). Social
behaviour in farm animals (pp. 211-245). CABI Publishing. ISBN: 978-0-85199-397-3.

25



M ’ REV-Ruminants-Equines-2023-03-EN

& —\ /) Version 1.0 - April 2023
8 W ’D,,x{-;f";;" Sensory and feeding enrichment in ruminants and equines

EURCAW Ruminants

Reference Centre g .
formmarweitare - & FQUINES

Freeland, W. J., & Janzen, D. H. (1974). Strategies in herbivory by mammals: the role of plant secondary
compounds. The American Naturalist, 108(961), 269-289.

Faerevik, G., Andersen, I.L., & Bge, K.E., (2005). Preferences of sheep for different types of pen flooring.
Applied Animal Behaviour Science 90, 265-76. https://doi.org/10.1016/j.applanim.2004.08.010.
Garrett, K., Beck, M. R., Marshall, C. J., Maxwell, T. M. R., Logan, C. M., Greer, A. W., & Gregorini, P.
(2022). It is not just what is fed but how we serve it through time — A varied pasture-based diet
increases intake of lambs. Livestock Science, 261(August 2021), 104954,

https://doi.org/10.1016/j.livsci.2022.104954.

Garrett, K., Beck, M. R., Marshall, C. J., Fleming, A. E., Logan, C. M., Maxwell, T. M. R., Greer, A. W., &
Gregorini, P. (2021). Functional diversity vs. monotony: The effect of a multiforage diet as opposed
to a single forage diet on animal intake, performance, welfare, and urinary nitrogen excretion. Journal
of Animal Science, 99(5), 1-9. https://doi.org/10.1093/jas/skab058.

Greening, L., Shenton, V., Wilcockson, K., & Swanson, J., (2013). Investigating duration of nocturnal
ingestive and sleep behaviors of horses bedded on straw versus shavings. Journal of Veterinary
Behaviour 8, 82-86. https://doi.org/10.1016/j.jveb.2012.05.003.

Gilbert, B. J. jr., & Arave, C. W. (1986). Ability of cattle to distinguish among different wavelengths of light.
Journal of Dairy Science, 69, 825-832. https://doi.org/10.3168/jds.S0022-0302(86)80472-6.

Ginane, C., Baumont, R., & Favreau-Peigné, A. (2011). Perception and hedonic value of basic tastes in
domestic ruminants. Physiology & Behavior, 104, 666-674.
https://doi.org/10.1016/j.physbeh.2011.07.011 .

Ginane, C., Baumont, R., Lassalas, J., & Petit, M. (2002). Feeding behaviour and intake of heifers fed on
hays of various quality, offered alone or in a choice situation. Animal Research, 51, 177-188.

https://doi.org/10.1051/animres:2002016.

Ginane, C., & Petit, M. (2005). Feeding behaviour and diet choices of cattle with physical and temporal
constraints on forage accessibility: an indoor experiment. Animal Science, 81, 3-10.
https://doi.org/10.1079/ASC41230003.

Goatcher, W. D., & Church, D. C. (1970). Taste responses in ruminants. IV. Reactions of pygmy goats,
normal goats, sheep and cattle to acetic acid and quinine hydrochloride. Journal of Animal Science,
31(2), 373-382. https://doi.org/10.2527/jas1970.312373x.

Gomes, K.A., Valentim, J.K., Lemke, S.S., Dallago, G.M., Vargas, R.C., & Paiva, A.L., (2018). Behavior of
Saanen dairy goats in an enriched environment. Acta Scientiarum. Animal Sciences 40.
https://doi.org/10.4025/actascianimsci.v40i1.42454.

Gonzalez-De Cara, C. A., Perez-Ecija, A., Aguilera-Aguilera, R., Rodero-Serrano, E., & Mendoza, F. J. (2017).
Temperament test for donkeys to be used in assisted therapy. Applied Animal Behaviour Science, 186,
64-71. https://doi.org/10.1016/j.applanim.2016.11.006.

Goodwin, D., Davidson, H. P. B., & Harris, P. (2002). Foraging enrichment for stabled horses: Effects on
behaviour and selection. Equine Veterinary Journal, 34(7), 686-691.
https://doi.org/10.2746/042516402776250450.

Goodwin, D., Davidson, H. P. B., & Harris, P. (2005). Selection and acceptance of flavours in concentrate
diets for stabled horses. Applied Animal Behaviour Science, 95(3-4), 223-232.
https://doi.org/10.1016/j.applanim.2005.04.007.

Goodwin, D., Davidson, H. P. B., & Harris, P. (2007). Responses of horses offered a choice between stables
containing single or multiple forages. Veterinary = Record, 160(16), 548-551.
https://doi.org/10.1136/vr.160.16.548.

Grandin, T., (2000). Handling and welfare of livestock in slaughter plants. In: Grandin, T., Ed., Livestock
Handling and Transport, CAB International, Wallingford (UK), 409-439.

26



M ’ REV-Ruminants-Equines-2023-03-EN

& —\ /) Version 1.0 - April 2023
8 W ’D,,x{-;f";;" Sensory and feeding enrichment in ruminants and equines

EURCAW Ruminants

Reference Centre g .
formmarweitare - & FQUINES

Gueguen, L., Lerch, N., Grandgeorge, M., & Hausberger, M. (2022). Testing individual variations of horses’
tactile reactivity: when, where, how? Science of Nature, 109(5). https://doi.org/10.1007/s00114-
022-01811-y.

Hai, P. V., Everts, H., Van Tien, D., Schonewille, J. T., & Hendriks, W. H. (2012). Feeding Chromonaela
odorata during pregnancy to goat dams affects acceptance of this feedstuff by their offspring. Applied
Animal Behaviour Science, 137(1-2), 30-35. https://doi.org/10.1016/j.applanim.2012.01.010.

Hall, C.A., Cassaday, H.J., Vincent, C.]., & Derrington, A.M., (2006). Cone excitation ratios correlate with
color discrimination performance in the horse (Equus caballus). Journal of Comparative Psycology 4,
438-448. https://doi.org/10.1037/0735-7036.120.4.438.

Hartman, N., & Greening, L.M., (2019). A preliminary study investigating the influence of auditory
stimulation on the occurrence of nocturnal equine sleep-related behavior in stabled horses. Journal of
Equine Veterinary Science 82, 102782. https://doi.org/10.1016/j.jevs.2019.07.003.

Haskell, M.]., Maslowska, K., Bell, D.J., Roberts, D.J., & Langfort, F.M., (2013). The effect of a view to the
surroundings and microclimate variables on use of a loafing area in housed dairy cattle. Applied Animal
Behaviour Science 147, 28-33. https://doi.org/10.1016/j.applanim.2013.04.016.

Harman, A., Dann, J., Ahmat, A., Macuda, T., Johnston, K., Timney, B., (2001). The retinal ganglion cell
layer and visual acuity of the camel. Brain, Behavior and Evolution, 58(1), 15-27.
https://doi.org/10.1159/000047258.

Heffner, R.S., & Heffner, H.E., (1983). Hearing in large mammals: Horses (Equus caballus) and cattle (Bos
taurus). Behavioral Neuroscience 97, 299-309. http://dx.doi.org/10.1037/0735-7044.97.2.299.
Heffner, H., & Heffner, R. (1992). Auditory perception. In C. Phillips & D. Piggins (Eds.), Farm Animals and

the Environment (pp. 159-184). CAB International.

Heleski, C., Wickens, C., Minero, M., DallaCosta, E., Wu, C., Czeszak, E., & Von Borstel, U.K., (2015). Do
soothing vocal cues enhance horses' ability to learn a frightening task? Journal of Veterinary Behaviour
10, 41-47. https://doi.org/10.1016/j.jveb.2014.08.009.

Henke-Drenkard, D.V., Gorewit, R.C., Scott, N.R., & Sagi, R., (1985). Milk production, health, behavior, and
endocrine responses of cows exposed to electrical current during milking. Journal of Dairy Science 68,
2694-2702. https://doi.org/10.3168/jds.S0022-0302(85)81154-1.

Henry, S., Hemery, D., Richard, M. A., & Hausberger, M. (2005). Human-mare relationships and behaviour
of foals toward humans. Applied Animal Behaviour Science, 93(3-4), 341-362.
https://doi.org/10.1016/j.applanim.2005.01.008.

Huang, C. Y., & Takeda, K. I. (2017). Influence of feed type and its effect on repressing wool-biting behavior
in housed sheep. Animal Science Journal, 88(3), 546-552. https://doi.org/10.1111/asj.12664.
Huang, C. Y., & Takeda, K. I. (2018). Effect of the proportion of roughage fed as rolled and baled hay on
repressing wool-biting behavior in housed sheep. Animal Science Journal, 89(1), 227-231.

https://doi.org/10.1111/asj.12895.

Huo, X., Wongkwanklom, M., Phonraksa, T., & Na-Lampang, P., (2021). Effects of playing classical music
on behavior of stabled horses. Veterinary  Integrative  Sciences 19, 259-267.
http://dx.doi.org/10.12982/V1S.2021.023.

Ishiwata, T., Uetake, K., Abe, N., Eguchi, Y., & Tanaka, T. (2006). Effects of an environmental enrichment
using a drum can on behavioral, physiological and productive characteristics in fattening beef cattle.
Animal Science Journal, 77(3), 352-362. https://doi.org/10.1111/j.1740-0929.2006.00359.x.

Jacobs, G. H., Deegan, J. F., & Neitz, J. (1998). Photopigment basis for dichromatic color vision in cows,
goats, and sheep. Visual Neuroscience, 15, 581-584. https://doi.org/10.1017/S0952523898153154

Jarrar, B., & Faye, B., (2012). Normal pattern of camel histology. Camel Breeding, Protection and
Improvement Center, project UTF/SAU/021/SAU, FAO publ., Riyadh (Saudi Arabia), 140 p.

27



M ’ REV-Ruminants-Equines-2023-03-EN

& —\ /) Version 1.0 - April 2023
g W {-\‘f’j‘/" Sensory and feeding enrichment in ruminants and equines

EURCAW Ruminants

Reference Centre g .
formmarweitare - & FQUINES

Johannesson, T., & Ladewig, J. (2000). The effect of irregular feeding times on the behaviour and growth
of dairy calves. Applied Animal Behaviour Science, 69, 103-111. https://doi.org/10.1016/S0168-
1591(00)00127-1.

Johns, J., Patt, A., & Hillmann, E., (2015). Do bells affect behaviour and heart rate variability in grazing
dairy cows? PlosOne 10(6): e0131632. https://doi.org/10.1371/journal.pone.0131632.

Jgrgensen, G.H.M., Liestgl, S.H.O., & Bge, K.E., (2011). Effects of enrichment items on activity and social
interactions in domestic horses (Equus caballus). Applied Animal Behaviour Science 129, 100-110.
https://doi.org/10.1016/j.applanim.2010.11.004.

Juhnke, 1., Miller, 1., Hall, J. O., Provenza, F. D., & Villalba, J. J. (2012). Preference for condensed tannins
by sheep in response to challenge infection with Haemonchus contortus. Veterinary Parasitology,
188(1-2), 104-114. https://doi.org/10.1016/j.vetpar.2012.02.015.

Kamili, A., Faye, B., Mbesse Kongbonga, Y., Bengoumi, M., Tligui, N.S., & Ghalila, H., (2020). Determination
of zinc in camel skin by Laser Induced Breakdown Spectroscopy. Biol. Trace Elem. Res., 198, 472-
477. https://doi.org/10.1007/s12011-020-02073-3.

Kendrick, K., (2008). Sheep senses, social cognition and capacity for consciousness. In: The Welfare of
Sheep. Animal Welfare, vol 6. Springer, Dordrecht.

Keunen, J. E., Plaizier, J. C., Kyriazakis, 1., Duffield, T. F., Widowski, T. M., Lindinger, M. 1., & McBride, B.
W. (2002). Effects of a subacute ruminal acidosis model on the diet selection of dairy cows. Journal of
Dairy Science, 85, 3304-3313. https://doi.org/10.3168/jds.S0022-0302(02)74419-6.

Kiyici, J.M., Kocyigit, R., & Tiizemen, N., (2013). The effect of classical music on milk production, milk
components and milking characteristics of Holstein Friesian. Tekirdag Ziraat Fak Derg 10, 74-81.

Kmicikewycz, A. D., & Heinrichs, A. J. (2015). Effect of corn silage particle size and supplemental hay on
rumen pH and feed preference by dairy cows fed high-starch diets. Journal of Dairy Science, 98(1),
373-385. https://doi.org/10.3168/jds.2014-8103.

Kohari, D., Kosako, T., Fukasawa, M., & Tsukada, H. (2007). Effect of environmental enrichment by
providing trees as rubbing objects in grassland: Grazing cattle need tree-grooming. Animal Science
Journal, 78(4), 413-416. https://doi.org/10.1111/j.1740-0929.2007.00455.x.

Lagrange, S., MacAdam, J. W., Stegelmeier, B., & Villalba, J. J. (2021). Grazing diverse combinations of
tanniferous and nontanniferous legumes: Implications for foraging behavior, performance, and hair
cortisol in beef cattle. Journal of Animal Science, 99(11), 1-12. https://doi.org/10.1093/jas/skab291.

Laister, S., Stockinger, B., Regner, A. M., Zenger, K., Knierim, U., & Winckler, C. (2011). Social licking in
dairy cattle-Effects on heart rate in performers and receivers. Applied Animal Behaviour Science,
130(3-4), 81-90. https://doi.org/10.1016/j.applanim.2010.12.003.

Lansade, L., Lemarchand, J., Reigner, F., Arnould, C., & Bertin, A. (2022). Automatic brushes induce positive
emotions and foster positive social interactions in group-housed horses. Applied Animal Behaviour
Science, 246(July 2021). https://doi.org/10.1016/j.applanim.2021.105538.

Lansade, L., Nowak, R., Lainé, A. L., Leterrier, C., Bonneau, C., Parias, C., & Bertin, A. (2018). Facial
expression and oxytocin as possible markers of positive emotions in horses. Scientific Reports, 8(1),
1-11. https://doi.org/10.1038/s41598-018-32993-z.

Lansade, L., Trosch, M., Parias, C., Blanchard, A., Gorosurreta, E., & Calandreau, E., (2021). Horses are
sensitive to baby talk: pet-directed speech facilitates communication with humans in a pointing task
and during grooming. Animal Cognition 24, 999-1006. https://doi.org/10.1007/s10071-021-01487-
3.

Launchbaugh, K. L., Provenza, F. D., & Werkmeister, M. J. (1997). Overcoming food neophobia in domestic
ruminants through addition of a familiar flavor and repeated exposure to novel foods. Applied Animal
Behaviour Science, 54(4), 327-334. https://doi.org/10.1016/50168-1591(96)01194-X.

28



M ’ REV-Ruminants-Equines-2023-03-EN

& —\ /) Version 1.0 - April 2023
g W {-\‘f’j‘/" Sensory and feeding enrichment in ruminants and equines

EURCAW Ruminants

Reference Centre g .
formmarweitare - & FQUINES

Launois, M., Faye, B., & Aoutchiki Kriska, M., (2002). Le dromadaire pédagogique. Coll. “ les savoirs
partagés ”., Publ. CIRAD, Montpellier, France, 26 p.

Lee, K., Nguyen, D. T., Choi, M., Cha, S. Y., Kim, J. H., Dadi, H., Seo, H., G., Seo, K., Chun, T. & Park, C.
(2013). Analysis of cattle olfactory subgenome: The first detail study on the characteristics of the
complete olfactory receptor repertoire of a ruminant. BMC Genomics, 14(1), 1.
https://doi.org/10.1186/1471-2164-14-596.

Leiber, F., Walkenhorst, M., & Holinger, M. (2020). The relevance of feed diversity and choice in nutrition
of ruminant livestock. Landbauforschung, 70(1), 35-38.
https://doi.org/10.3220/LBF1592393539000.

Lemcke, M.-C., Ebinghaus, A., & Knierim, U., (2021). Impact of music played in an automatic milking system
on cows’ milk vyield and behaviour — A pilot study. Dairy 2, 73-78.
https://doi.org/10.3390/dairy2010007.

Lensink, B. J., Veissier, 1., & Florand, L. (2001). The farmers’ influence on calves’ behaviour, health and
production of a veal unit. Animal Science, 72(1), 105-116.
https://doi.org/10.1017/S1357729800055600.

Lesimple, C., Reverchon-Billot, L., Galloux, P., Stomp, M., Boichot, L., Coste, C., Henry, S., & Hausberger,
M., (2020). Free movement: A key for welfare improvement in sport horses? Applied Animal Behaviour
Science 225, 104972. https://doi.org/10.1016/j.applanim.2020.104972.

Lindsay, F.E.F., & Burton, F.L., (1983). Observational study of “urine testing” in the horse and donkey
stallion. Equine Veterinary Journal 15, 330-336. https://doi.org/10.1111/j.2042-
3306.1983.th01816.x.

Lundqvist, H., & Mdller, C. E. (2022). Feeding time in horses provided roughage in different combinations
of haynets and on the stable floor. Applied Animal Behaviour Science, 253, 105685.
https://doi.org/10.1016/j.applanim.2022.105685.

Mandel, R., Wenker, M. L., van Reenen, K., Keil, N. M., & Hillmann, E. (2019). Can access to an automated
grooming brush and/or a mirror reduce stress of dairy cows kept in social isolation? Applied Animal
Behaviour Science, 211, 1-8.

Mandel, R., Whay, H.R., Nicol, C.]J., & Klement, E., (2013). The effect of food location, heat load, and
intrusive medical procedures on brushing activity in dairy cows. Journal of dairy science 96, 6506-13.
https://doi.org/10.3168/jds.2013-6941.

McGlone, 1.]., Archer, C., & Henderson, M., (2022). Interpretive review: Semiochemicals in domestic pigs
and dogs. Frontiers in veterinary science 9, 967980. https://doi.org/10.3389/fvets.2022.967980.

Meagher, R. K., Weary, D. M., & von Keyserlingk, M. A. G. (2017). Some like it varied: Individual differences
in preference for feed variety in dairy heifers. Applied Animal Behaviour Science, 195(March), 8-14.
https://doi.org/10.1016/j.applanim.2017.06.006.

Meier, J. S., Abdalla, A. L., Vasconcelos, V. R., Kreuzer, M., & Marquardt, S. (2014). Effect of offering a
multiple choice among Brazilian woody plants on intake and feeding behavior of experienced and
inexperienced Santa Inés lambs. Small Ruminant Research, 121(2-3), 271-279.
https://doi.org/10.1016/j.smallrumres.2014.07.004.

Meneses, X. C. A., Park, R. M., Ridge, E. E., & Daigle, C. L. (2021). Hourly activity patterns and behaviour-
based management of feedlot steers with and without a cattle brush. Applied Animal Behaviour
Science, 236(August 2020), 105241. https://doi.org/10.1016/j.applanim.2021.105241.

Middelkoop, A., Choudhury, R., Gerrits, W. J. J., Kemp, B., Kleerebezem, M., & Bolhuis, J. E. (2018). Dietary
diversity a ff ects feeding behaviour of suckling piglets. Applied Animal Behaviour Science, 205(March),
151-158. https://doi.org/10.1016/j.applanim.2018.05.006.

29



M ’ REV-Ruminants-Equines-2023-03-EN

& —\ /) Version 1.0 - April 2023
g W {-\‘f’j‘/" Sensory and feeding enrichment in ruminants and equines

EURCAW Ruminants

Reference Centre g .
formmarweitare - & FQUINES

Miranda-de la Lama, G. C., & Mattiello, S. (2010). The importance of social behaviour for goat welfare in
livestock farming. Small Ruminant Research, 90(1-3), 1-10.
https://doi.org/10.1016/j.smallrumres.2010.01.006.

Montoro, C., Miller-Cushon, E. K., DeVries, T. J., & Bach, A. (2013). Effect of physical form of forage on
performance, feeding behavior, and digestibility of Holstein calves. Journal of Dairy Science, 96(2),
1117-1124. https://doi.org/10.3168/jds.2012-5731.

Morgan, P. D., Boundy, C. A. P., Arnold, G. W., & Lindsay, D. R. (1975). The roles played by the senses of
the ewe in the location and recognition of lambs. Applied Animal Ethology, 1(2), 139-150.
https://doi.org/10.1016/0304-3762(75)90083-8.

Murney, R., Burggraaf, V., Mapp, N., Ganche, E., & King, W. (2019). The effect of cultivated mixed-species
green fodder on intake, milk production and milk composition of housed dairy goats. Animal, 13(12),
2802-2810. https://doi.org/10.1017/S1751731119000867.

Neave, H. W., von Keyserlingk, M. A. G., Weary, D. M., & Zobel, G. (2018). Feed intake and behavior of
dairy goats when offered an elevated feed bunk. Journal of Dairy Science, 101(4), 3303-3310.
https://doi.org/10.3168/jds.2017-13934.

Neveux, C., Ferard, M., Dickel, L., Bouet, V., Petit, O., & Valenchon, M., (2016). Classical music reduces
acute stress of  domestic horses. Journal  of  Veterinary  Behaviour 15:81.
http://dx.doi.org/10.1016/j.jveb.2016.08.019.

Nielsen, B.L., (2018). Making sense of it all: the importance of taking into account the sensory abilities of
animals in their housing and management. Applied Animal Behaviour Science 205, 175-80.
https://doi.org/10.1016/j.applanim.2018.04.013.

Niimura, Y., Matsui, A., & Touhara, K. (2015). Erratum: Extreme expansion of the olfactory receptor gene
repertoire in African elephants and evolutionary dynamics of orthologous gene groups in 13 placental
mammals (Genome Research (2015) 25 (926)). Genome Research, 25(6), 926.
https://doi.org/10.1101/gr.193219.115.

Ninomiya, S., & Sato, S. (2009). Effects of ‘five freedoms’ environmental enrichment on the welfare of
calves reared indoors. Animal Science Journal, 80(3), 347-351. https://doi.org/10.1111/j.1740-
0929.2009.00627.x.

Nowak, R., & Boivin, X. (2015). Filial attachment in sheep: Similarities and differences between ewe-lamb
and human-lamb relationships. Applied Animal  Behaviour  Science, 164, 12-28.
https://doi.org/10.1016/j.applanim.2014.09.013.

Oostindjer, M., Bolhuis, J. E., Simon, K., Van den Brand, H., & Kemp, B. (2011). Perinatal flavour learning
and adaptation to being weaned: All the pig needs is smell. PLoS ONE, 6(10).
https://doi.org/10.1371/journal.pone.0025318.

Park, R.M., Foster, M., & Daigle, C.L., (2020). A scoping review: the impact of housing systems and
environmental features on beef cattle welfare. Animals 10, 565.
https://doi.org/10.3390/ani10040565.

Parsons, A. J., Newman, J. A., Penning, P. D., Harvey, A., & Orr, R. J. (1994). Diet preference of sheep:
effects of recent diet, physiological state and species abundance. Journal of Animal Ecology, 63, 465-
478. https://doi.org/10.2307/5563.

Phillips, C.J.C., Lomas, C.A., & Arab, T.M., (1998). Differential response of dairy cows to supplementary
light during increasing or decreasing daylength. Animal Science, Cambridge University Press 66, 55—
63. https://doi.org/10.1017/5S1357729800008833.

Phillips, C. J. C., & Lomas, C. A. (2001). The perception of color by cattle and its influence on behavior.
Journal of Dairy Science, 84(4), 807-813. https://doi.org/10.3168/jds.S0022-0302(01)74537-7.

Phillips, C., (2002). Cattle behaviour and welfare. Iowa State Press, a Blackwell Publishing Company, Ames,
IA. pp 49-61 and 84-122.

30



M ’ REV-Ruminants-Equines-2023-03-EN

& —\ /) Version 1.0 - April 2023
8 W ’D,,x{-;f";;" Sensory and feeding enrichment in ruminants and equines

EURCAW Ruminants

Reference Centre g .
formmarweitare - & FQUINES

Proctor, H. S., & Carder, G. (2014). Can ear postures reliably measure the positive emotional state of cows?
Applied Animal Behaviour Science, 161(1), 20-27. https://doi.org/10.1016/j.applanim.2014.09.015.

Provenza, F. D. (1996). Acquired aversions as the basis for varied diets of ruminants foraging on rangelands.
Journal of Animal Science, 74, 2010-2020. https://doi.org/10.2527/1996.7482010x.

Randall, R.P., Schurg, W.A., & Church, D.C., (1978). Response of horses to sweet, salty, sour and bitter
solutions. Journal of Animal Science 47, 51-55. https://doi.org/10.2527/jas1978.47151x.

Riol, J.A., Sanchez, ].M., Eguren, V.G., & Gaudioso, V.R., (1989). Colour perception in fighting cattle.
Applied Animal Behaviour Science 23, 199-206. https://doi.org/10.1016/0168-1591(89)90110-X.

Rochais, C., Henry, S., & Hausberger, M. (2018). “Hay-bags” and “Slow feeders”: Testing their impact on
horse behaviour and welfare. Applied Animal Behaviour Science, 198(April 2017), 52-59.
https://doi.org/10.1016/j.applanim.2017.09.019.

Rolls, B. J. (1986). Sensory-specific satiety. Nutrition Reviews, 44(3), 93-101.

Roura, E., Humphrey, B., Tedd, G., & Ipharraguerre, I., (2008). Unfolding the codes of short-term feed
appetence in farm and companion animals. A comparative oronasal nutrient sensing biology review.
Canadian Journal of Animal Science 88, 535-558. https://doi.org/10.4141/CJAS08014.

Rubenstein, D.I., & Hack, M.A., (1992). Horse signals: the sounds and scents of fury. Evolutionary Ecology
6, 254-60. http://doi.org/10.1007/BF02214165.

Rgrvang, M.V., Jensen, M.B., & Nielsen, B.L., (2017). Development of test for determining olfactory
investigation of complex odours in cattle. Applied Animal Behaviour Science 196, 84-90.
https://doi.org/10.1016/j.applanim.2017.07.008.

Rgrvang, M.V., Nicova, K., & Yngvesson, J., (2022). Horse odor exploration behavior is influenced by
pregnancy and age. Frontiers in Behavioral Neuroscience 16, 941517.
https://doi.org/10.3389/fnbeh.2022.941517.

Rgrvang, M.V., Nielsen, B.L., & McLean, A.N., (2020). Sensory abilties of horses and their importance for
equitation science. Frontiers in Veterinary Science 7, 633. https://doi.org/10.3389/fvets.2020.00633.

Sabiniewicz, A., Tarnowska, K., éwiatek, R., Sorokowski, P., & Laska, M. (2020). Olfactory-based
interspecific recognition of human emotions: Horses (Equus ferus caballus) can recognize fear and
happiness body odour from humans (Homo sapiens). Applied Animal Behaviour Science, 230(July).
https://doi.org/10.1016/j.applanim.2020.105072.

Sari¢, T., Rogosi¢, J., Provenza, F. D., Zupan, 1., Tkal&ié, S., Franin, K., Siki¢, Z., Ivankovié, S., & Herceg,
N. (2014). Mediterranean shrub diversity and its effect on food intake in goats. Italian Journal of
Animal Science, 13(3), 582-587. https://doi.org/10.4081/ijas.2014.3299.

Saslow, C.A., (2002). Understanding the perceptual world of horses. Applied Animal Behaviour Science 78,
209-24. https://doi.org/10.1016/50168-1591(02)00092-8.

Schmied, C., Waiblinger, S., Scharl, T., Leisch, F., & Boivin, X. (2008). Stroking of different body regions
by a human: Effects on behaviour and heart rate of dairy cows. Applied Animal Behaviour Science,
109(1), 25-38. https://doi.org/10.1016/j.applanim.2007.01.013.

Sorathiya, L.M., Raval, A.P., Kharadi, V.B., Tyagi, K.K., & Patel, M.D., (2019). Effect of flooring on growth
performance, behaviour, health and economics in Surti buffalo calves during winter. Indian Journal of
Animal Science 89, 1246-50. http://dx.doi.org/10.56093/ijans.v89i11.95881.

Stachowicz, J., Gygax, L., Hillmann, E., Wechsler, B., & Keil, N.M., (2018). Dairy goats use outdoor runs of
high quality more regardless of the quality of indoor housing. Applied Animal Behaviour Science 208,
22-30. https://doi.org/10.1016/j.applanim.2018.08.012.

Stachurska, A., Janczarek, I., Wilk, I., & Kedzierski, W., (2015). Does music influence emotional state in
race horses? Journal of Equine Veterinary Science. 35, 650-656.
https://doi.org/10.1016/j.jevs.2015.06.008.

31



M ’ REV-Ruminants-Equines-2023-03-EN

& —\ /) Version 1.0 - April 2023
8 W ’D,,x{-;f";;" Sensory and feeding enrichment in ruminants and equines

EURCAW Ruminants

Reference Centre g .
formmarweitare - & FQUINES

Stachurska, A., Tkaczyk, E., R6zanska-Boczula, M., Janicka, W., & Janczarek, I., (2022). horses’ response
to a novel diet: different herbs added to dry, wet or wet-sweetened oats. Animals 12, 1334.
https://doi.org/10.3390/ani12111334.

Stahlbaum, C.C., & Houpt, K.A., (1989). The role of the Flehmen response in the behavioral repertoire of
the stallion. Physiology and Behaviour 45, 1207-14. https://doi.org/10.1016/0031-9384(89)90111-
X.

Stoddart, D.M., (1980). Reproductive processes. In: The ecology of vertebrate olfaction, Springer
Dordrecht, ISBN: 978-94-009-5871-5.

Strappini, A.C., Monti, G., Sepulveda-Varas, P., de Freslon, 1., & Peralta, J.M., (2021). Measuring Calves'
Usage of Multiple Environmental Enrichment Objects Provided Simultaneously. Frontiers in Veterinary
Science 8, 698681. https://doi.org/10.3389/fvets.2021.698681.

Sueur, C., & Pelé, M. (2019). Importance of the environment for the welfare of captive animals: behaviours
and enrichment. In H. S. & S. L. (Ed.), Animal welfare: from Science to law (pp. 175-188).

Sutherland, M.A., Lowe, G.L., Cox, N.R., & Schitz, K.E., (2019). Effects of flooring surface and a
supplemental heat source on location preference, behaviour and growth rates of dairy goat kids.
Applied animal behaviour science 217, 36-42. https://doi.org/10.1016/j.applanim.2019.05.003.

Sutherland, M.A., Worth, G.M., Cameron, C., Ross, C.M., & Rapp, D., (2017). Health, physiology, and
behavior of dairy calves reared on 4 different substrates. Journal of Dairy Science. 100, 2148-56.
https://doi.org/10.3168/jds.2016-12074.

Tamioso, P. R., Rucinque, D. S., Taconeli, C. A., da Silva, G. P., & Molento, C. F. M. (2017). Behavior and
body surface temperature as welfare indicators in selected sheep regularly brushed by a familiar
observer. Journal of Veterinary Behavior: Clinical Applications and Research, 19, 27-34.
https://doi.org/10.1016/j.jveb.2017.01.004.

Terlouw, C. T. M., Boissy, A., & Blinet, P. (1998). Behavioural responses of cattle to the odours of blood
and urine from conspecifics and to the odour of faeces from carnivores. Applied Animal Behaviour
Science, 57, 9-21. https://doi.org/10.1016/S0168-1591(97)00122-6.

Teixeira, D.L., Villarroel, M., & Maria, G.A., (2014). Assessment of different organic beddings materials for
fattening lamb. Small Ruminant Research 119, 22-7.
https://doi.org/10.1016/j.smallrumres.2014.02.010.

Tien, D. V, Lynch, 1. 1., Hinch, G. N., & Nolan, J. V. (1999). Grass odor and flavor overcome feed neophobia
in sheep. Small Ruminant Research, 32, 223-229. https://doi.org/10.1016/50921-4488(98)00185-0.

Timney, B., & Macuda, T., (2001). Vision and hearing in horses. J Am Vet Med Assoc 218, 1567-74.
https://doi.org/10.2460/JAVMA.2001.218.1567.

Trésch, M., Cuzol, F., Parias, C., Calandreau, L., Nowak, R., & Lansade, L., (2019). Horses categorize human
emotions cross-modally based on facial expression and non-verbal vocalizations. Animals 9, 862.
https://doi.org/10.3390/ani9110862.

Tuyttens, F.A., (2005). The importance of straw for pig and cattle welfare: a review. Applied animal
behaviour science 92, 261-82. https://doi.org/10.1016/j.applanim.2005.05.007.

Tolu, C., & Savas, T., (2019). Dairy goat usage of flooring types varied by material, slope and slat width.
Applied Animal Behaviour Science 215, 37-44. https://doi.org/10.1016/j.applanim.2019.04.004.
Uetake, K., Hurnik, J.F., & Johnson, L., (1997). Effect of music on voluntary approach of dairy cows to an
automatic milking system. Applied Animal Behaviour Science 53, 175-182.

https://doi.org/10.1016/S0168-1591(96)01159-8.

Van Os, J.M., Goldstein, S.A., Weary, D.M., & von Keyserlingk, M.A.G., (2021). Stationary brush use in
naive dairy heifers. Journal of Dairy Science 104, 12019-12029. https://doi.org/10.3168/jds.2021-
20467.

32



M " REV-Ruminants-Equines-2023-03-EN

& —\ /) Version 1.0 - April 2023
g W {-\‘f‘j‘/" Sensory and feeding enrichment in ruminants and equines

EURCAW Ruminants

Reference Centre v .
formmarweitare - & FQUINES

Villalba, J. 1., Bach, A., & Ipharraguerre, I. R. (2011). Feeding behavior and performance of lambs are
influenced by flavor diversity. Journal of Animal Science, 89(8), 2571-2581.
https://doi.org/10.2527/jas.2010-3435.

Villalba, J. J., Catanese, F., Provenza, F. D., & Distel, R. A. (2012). Relationships between early experience
to dietary diversity, acceptance of novel flavors, and open field behavior in sheep. Physiology &
Behavior, 105, 181-187. https://doi.org/10.1016/j.physbeh.2011.08.031.

Villalba, J. J., Mereu, A., & Ipharraguerre, I. R. (2015). Influence of dietary flavours on sheep feeding
behaviour and nutrient digestibility. Animal Production Science, 55(5), 634-638.
https://doi.org/10.1071/AN13355.

Villalba, J. 1., Provenza, F. D., & Manteca, X. (2010). Links between ruminants’ food preference and their
welfare. Animal, 4(7), 1240-1247. https://doi.org/10.1017/S1751731110000467.

Waldern, D. E., & Van Dyk, R. D. (1971). Effect of monosodium glutamate in starter rations on feed
consumption and performance of early weaned calves. Journal of Dairy Science, 54, 262-265.
https://doi.org/10.3168/jds.S0022-0302(71)85822-8.

Watts, J.M., & Stookey, J.M., (2000). Vocal behaviour in cattle: the animal's commentary on its biological
processes and welfare. Applied Animal Behaviour Science 67, 15-33. https://doi.org/10.1016/s0168-
1591(99)00108-2.

Wells, D. L. (2009). Sensory stimulation as environmental enrichment for captive animals: A review. Applied
Animal Behaviour Science, 118(1-2), 1-11. https://doi.org/10.1016/j.applanim.2009.01.002.

Westerath, H. S., Gygax, L., & Hillmann, E. (2014). Are special feed and being brushed judged as positive
by calves? Applied Animal Behaviour Science, 156, 12-21.
https://doi.org/10.1016/j.applanim.2014.04.003.

Westoby, M. (1974). An analysis of diet selection by large generalist herbivores. The American Naturalist,
108(961), 290-304.

Wilson, S.C., Mitléhner, F.M., Morrow-Tesch, J., Dailey, J.W., & McGlone, J.]., (2002). An assessment of
several potential enrichment devices for feedlot cattle. Applied Animal Behaviour Science 76, 259-
265. https://doi.org/10.1016/S0168-1591(02)00019-9.

Wissdorf, H., Jerbi, H., & Meier-Schellersheim, M., (2021). Anatomical Differences of the Donkey, Mule, and
Horse. utzverlag GmbH.

Yeomans, M. R., Blundell, J. E., & Leshem, M. (2004). Palatability: response to nutritional need or need-
free stimulation of appetite? British Journal of Nutrition, 92, S3-S14.
https://doi.org/10.1079/BIN20041134.

Zanon, T., Komainda, M., Ammer, S., Isselstein, J., & Gauly, M. (2022). Diverse Feed, Diverse Benefits-The
Multiple Roles of Feed Diversity at Pasture on Ruminant Livestock Production-a Review. J Vet Sci Ani
Husb, 10(1), 101. https://www.researchgate.net/publication/357928412.

Zobel, G., Neave, H.W., & Webster, J., (2019). Understanding natural behavior to improve dairy goat (Capra
hircus) management systems. Translational animal science 3, 212-224.
https://doi.org/10.1093/tas/txy145.

Zupan, M., étuhec, I., & Jordan, D. (2020). The Effect of an Irregular Feeding Schedule on Equine Behavior.
Journal of Applied Animal Welfare Science, 23(2), 156-163.
https://doi.org/10.1080/10888705.2019.1663734.

33



'~ -
(g .o \
Vmﬁm A
] - W
EURCAW Ruminants
Moranimarweitue & EqUiNes

REV-Ruminants-Equines-2023-03-EN
Version 1.0 — April 2023

Sensory and feeding enrichment in ruminants and equines

About EURCAW Ruminants & Equines

EURCAW Ruminants & Equines is the third
European Union Reference Centre for Animal
Welfare. It focuses on ruminant and equine
welfare and legislation, and covers the entire life
cycle from birth to the end of life. EURCAW
Ruminants & Equines’ main objective is a
harmonised compliance with EU legislation
regarding welfare in EU Member States. This
includes:

e Directive 98/58/EC concerning the protection
of animals kept on farms;

e Regulations 1/2005/EC and 1099/2009/EC
concerning their protection during transport
and slaughter;

e Directive 2010/63/EU concerning the
protection of animals used for scientific
purposes;

e Directive 2008/119/EC laying down minimum
standards for the protection of calves.

EURCAW Ruminants & Equines supports:

e Inspectors of Competent Authorities (CAs);

e Ruminant and equine welfare policy workers;

e Bodies supporting CAs with scientific
expertise, training, and communication.

Website and contact

EURCAW Ruminants & Equines’ website offers
relevant and actual information to support
enforcement of ruminant and equine welfare
legislation.

We offer a ‘Questions to EURCAW'’ service for
official inspectors, policy workers, and other
personnel providing advice or support for official
controls of ruminant and equine welfare in the EU.
For more information go to https://www.eurcaw-
ruminants-equines.eu/questions-to-eurcaw/.
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Activities of EURCAW Ruminants & Equines

e Coordinated Assistance
Providing support, networking and Questions

to EURCAW;

e Welfare indicators, Assessment & Best
Practice

Identifying animal welfare indicators,

including animal based, management based
and resource based indicators, that can be
used to verify compliance with the EU
legislation;

e Scientific and technical studies
Preparing Scientific Reviews of knowledge on
welfare topics and identify research needs;

e Training
Developing training materials and training
standards for official inspectors;

e Communication and Dissemination
Increasing awareness of our outputs via the
website, twitter, and newsletter;

Partners

EURCAW Ruminants & Equines receives funding
from DG SANTE of the European Commission and
represents a collaboration between the following
six partner institutions:

e Swedish University of Agricultural Sciences,
Sweden

e Istituto Zooprofilattico Sperimentale
dell'Abruzzo e del Molise “*G. Caporale”, Italy

e French National Institute for Agriculture, Food,
and Environment, France

e University of Natural Resources and Life
Sciences, Vienna, Austria

e University College Dublin, Ireland

e Ellinikos Georgikos Organismos-
Dimitra/Veterinary Research Institute, Greece
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