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Abstract 

This study sought to investigate feeding behaviour and diet selection of horses exposed 
to concentrate feed of differing flavours and nutrient contents in different situations. 
Firstly behaviour was studied in a simple choice test. The results showed that when the 
horses have no previous experience of the testing procedure, they sample the options 

equally. However, when the horses have previously been exposed to a choice with a 
different flavour on one side, the selection of some horses appears to be affected by 

previously formed associations between flavour and position. 
Secondly, the ability of horses to form associations between flavours of foods and the 

post-ingestive consequences were investigated. When presented with a choice between 

distinctly flavoured higher and lower energy diets, horses showed a shift in preference 
towards the flavour associated with the higher energy. When the flavours were 

subsequently presented in iso-energetic options, the horses tended to consume equal 

amounts of both flavours. 

The ability of the horses to discriminate between the higher and lower energy diets was 
then investigated to determine if the higher energy was intrinsically more palatable. 
When presented with a choice between the higher and lower energy diets, only 2 out of 
8 horses showed a preference for the higher energy and 1 horse showed a preference for 

the lower energy. The ability of added cue flavours to predominate and mask the oro- 

sensory characteristics of the higher and lower energy diets was investigated by 

exposing the horses to a choice between mint flavoured higher energy and mint 
flavoured lower energy. No horses discriminated between the diets. 

The effect of exercise on behaviour in a choice test was then investigated. No effect was 

seen on intake rate, number of switches between buckets and time spent with the first 

bucket before sampling the second, when given a choice between iso-energetic options. 
When exposed to a choice of a higher or lower energy diet following a period of rest, 

preference for the higher energy was greater than following a period of lungeing. 

However, when exposed to a choice between a higher and a lower energy diet 3 times 

per day, preference for the higher energy was less when horses were rested, than on 
days when horses were exercised for between 1 and 3 hours per day. The inconsistent 

results are likely to relate to differences in management and level of exercise. 
This study suggests that the horse may be able to adapt its behaviour appropriately when 
provided with a choice of concentrate feeds in some situations, but information is still 
required on the physiological mechanisms and their behavioural control mechanisms 
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Chanter 1: Introduction to feeding by the domestic horse 

The ability to select a balanced diet is vital to the survival of a horse, as it must 
be able to select the key nutrients, while avoiding potentially dangerous 

substances. Control of feed intake and selection is complex and involves 

internal metabolic, hormonal and neural pathways, within the animal, as well 

as being subject to external influences such as social and environmental factors. 

Some of the mechanisms involved in the control of feeding behaviours and the 

development of feeding preferences may be common to many species of 

animal, but others vary from species to species, according to the ecology of the 

species. For example, cats have little ability to detect sugars and show only a 

weak electrophysiological response towards sugars by their taste sensors 

(Carpenter, 1956). There is probably no advantage to sugar-sensitivity for an 

obligate carnivore, such as a cat and so no selective pressure for its evolutionary 
development (Thorne 1995). When researching diet selection in the horse, the 

horse's physiology and natural environment must be considered in relation to 

how it chooses an appropriate diet and regulates intake. 

This introduction to feeding behaviour of the horse will look at the feeding 

strategies developed by the free-ranging equid. The processes of gustation, 
digestion and absorption will be summarised, with particular reference to the 

horse. The development of preferences and also factors that may affect feeding 

behaviour will be discussed. In addition, the methods used to investigate 

preferences will be reviewed. 

1.1 : Grazing behaviour of the horse 

The horse has evolved as a grazing herbivorous mammal, although it may 
browse on trees and bushes when grazing is scarce (Tyler, 1972). It has a simple 

stomach allowing digestion of proteins, fats and some carbohydrates and a 
large caecal chamber allowing hindgut fermentation of structural 
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carbohydrates. The combination of a simple stomach and caecum, allows the 

horse to survive on diets high in fibre but low in protein (Janis, 1976; Sneddon 

and Argenzio, 1998). They maintain a high level of feed intake (Janis, 1976; 

Duncan, 1992; Sneddon and Argenzio, 1998) on a variety of plants species 

(Archer, 1971; Tyler, 1972) by spending a large proportion of the day grazing 

(Crowell-Davis et al., 1985; Dulphy et al., 1997). The amount of time spent 

grazing will, to a certain extent, be dependent on the needs of the horses and 

the food available. Horses may, for instance, increase their foraging time with 

increasing requirements, such as during growth and lactation (Duncan, 1992). 

In addition, horses of different ages, sex and reproductive status are likely to 

spend differing amounts of time engaged in feeding behaviour, as their activity 

levels and needs are likely to differ. For example, geldings spent on average 

52% of their day eating when forage was available ad-libitum (Dulphy et al., 

1997). Whereas, lactating mares will spend about 70% of their time feeding 

when maintained on pasture, with peak feeding times in the early morning and 

evening (Crowell-Davis et al., 1985). In addition, Duncan (1979) found that 

mares with foals spent significantly more time foraging than adult males during 

one summer, within a long-term study of Camargue horses. Other factors may 

also influence the amount of time spent engaged in feeding behaviour, for 

example, seasonal changes in ecto-parasite populations or reproductive 

competition (Duncan, 1992). Duncan (1992) found lower levels of feeding 

behaviour in the months in which activity of biting insects was highest. 

Horses show selectivity in their choice of feeding site, with preferences for 

habitats containing relatively high quality foodstuffs (Duncan, 1992). They also 

show selectivity in the plant species consumed and seem to select grass species 

higher in carbohydrate content than do cattle (Kozlowski, 1974). As the 

abundance of foodstuffs increases, greater selectivity is apparent, with a greater 

proportion of higher quality foods being consumed. However, as abundance 
decreases lower quality foods may be consumed within a wider range of 

accepted foodstuffs (Duncan, 1992). Francis-Smith (1970) has also reported 
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changes in feeding sites which may be related to changing availability of food. 

Other species also show changes in acceptance of foodstuffs: as availability 

changes, e. g. kudus (Tragelaphus strepsiceros), expand their selection during 

winter (Owen-Smith, 1994); or during metabolic stress, e. g. Edwards et al., 
(1994) found that fasted sheep were more likely to feed from 'bad' patches, 

which contained a higher percentage of a less preferred food. This effect has 

been summarised by Provenza et al., (1998) as follows: 

"Conditions adequate, familiarity breeds content, novelty breeds contempt; 

Conditions inadequate: familiarity breeds contempt, novelty breeds content. " 

Studies of horses suggest they are well adapted to exploit high fibre foodstuffs 

(Janis, 1976; Duncan, 1992; Sneddon and Argenzio, 1998), but are capable of 

adapting their selection as availability of foods differing in quality changes 

(Francis-Smith, 1970; Kozlowski, 1974; Duncan, 1992). They also show some 

adaptations in feeding behaviour in line with changing requirements (Duncan, 

1979; Crowell-Davis et al., 1985; Duncan, 1992). 

However, the diet of stabled domestic horses is very different to feral grazing 
horses. High fibre food is often replaced with concentrate feed. This concentrate 
feed is higher in energy density (National Research Council, 1989) and may 

provide up to 60% of the food intake of flat-racing Thoroughbreds (Frape, 

1998). This mismatch between the horse's phylogenetic adaptations and feeding 

practices in the domestic environment may give rise to a number of problems, 

relating to both welfare (Mills and Nankervis, 1999) and diet selection. For 

example, Gillham et al., (1994) found increased cribbing behaviour following a 

grain feed. It has been suggested that horses maintained on a high-concentrate 

diet may not produce enough saliva to buffer stomach contents and so may 

engage in oral stereotypies, such as cribbing, in order to stimulate saliva 

production (Nicol, 1999). Willard et al., (1977) found that grain fed horses spent 

more time wood-chewing and engaged in coprophagy more than hay fed 

horses. 
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1.2: Senses involved in assessing food prior to swallowing 

Arnold (1981) has suggested that sheep use sight to direct them to plants but 

not to select between plants. Conversely, it has been suggested that sheep can 
discriminate between grasses of differing brightness, and this brightness may 
be linked to protein content (Forbes, 1998). It has also been suggested that 

horses can use visual cues such as greenness to indicate quality (Duncan, 1992). 

Horses seem to have at least dichromatic vision (Macuda and Timney, 1999; 

Smith and Goldman, 1999), although partial colour blindness may exist in some 

individuals (Smith and Goldman, 1999). Discrimination between cues of 

differing brightness is also possible, although not to the same extent as 
humans, (Macuda and Timney, 1999). Therefore, horses may have the ability to 

discriminate between some foods based on colour or brightness cues. Horses 

may also distinguish some food items from non-food items, through sight. 

The sense of smell (olfaction) may also be used in the detection and 
identification of foods. Grazing animals are often surrounded by food and it has 

been suggested, that they do not need the sense of smell in food searching 
(Forbes, 1998). However, smell is a component of a food's flavour, so could 
become important in discriminating between foods before they are swallowed. 

Olfaction can aid identification of foods after they have been taken into the oral 

cavity, as movements of the mouth allow volatile components to be pumped 

into the nasal passages through the retro nasal pathway (Lawless, 1997). 

Once food has been taken into the mouth, the gustatory, tactile and thermal 

senses can also be used to identify food. The lingual epithelium of the tongue 

provides sensory information of texture and temperature (Finger and Simon, 

2000). The texture of food may give information concerning the properties of a 
food prior to ingestion. For example, it has been proposed that the presence of 
fat can be identified through its texture (Rolls et al., 1999). 

Taste is a component of flavour and is perceived within the mouth, through 

taste buds. In mammals, taste buds can be found on the oral, pharyngeal and 
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laryngeal 

epithelium as well as 
the tongue 

(Farbman, 2000). Taste buds 
consist 

of a cluster of epithelial cells 
(Fig 1), 

some 

of which connect 
to 

ganglion cells of 

the 

facial, 
glossopharyngeal 

or vagus nerve 
(Finger 
and 

Simon, 2000). Surface 

of 

tongue 
Trench - 

i. 

ýýý 

Axon 
lo brain Figure 
is 

Diagram 
of a 

taste 
bud. Taken from Carlson, N. R. (1991), Physiology 

of 

Behaviour, 
4 edn. 

Allyn 

and 

Bacon, Boston, 

p232. There 
are 

three types 
of papillae on 

the 
horse's 
tongue that 

contain 

taste 
buds: 

Fungiform 
papillae, with a mushroom-like appearance 
(Fig 2), 

are present on 
the 

lateral 

aspects and apex of 

the 
horse's 
tongue, 

measuring approximately 
1.1- 
1.9 

mm 
(Chamorro 
et al., 

1986). 5 



Figure 
2: 

Diagram 
of an equine fungiform papilla. Dorsal 

view 
taken 
from 

Chamorro 
et al., (1986) 

Comparative 
scanning electron- 

microscopic study of 
the 

lingual 
pappilae 
in two 

species of domestic mammals (Equus 
caballus and 

Bos taurus): 1. 
Gustatory 

papillae. 
Acta Anatomica 

125: 
83-87 

Vallate 
papillae are relatively 

large in 
the 

horse (Fig 3), 
about 
7.25mm in 

diameter (Chamorro 
et al., 

1986). They 
can 

be found 
on 

the 

dorsum, 
close 

to the 

root of 

the tongue 

and 
two 

or 

three 
may 

be 

present 

(Pfeiffer 

et al., 

2000). Taste 
buds 

can 
be found in 
the 

secondary papillary grooves, which separate 

the vallate papilla 

into 

several secondary papillae and also 

in 
the 

primary papillary 

groove which surrounds 

the 

papilla 
(Chamorro 
et al., 

1986). 
Foliate 
papillae also occur near 

the 

root of 

the 

horse's 

tongue 

(Pfeiffer 
et al., 

2000). They 
resemble plant 

foliage in 
appearance 
(Fig 4), 
with 

leaves 
separated 

by deep 
grooves containing 

the taste 

buds (Chamorro 
et al., 

1986). 6 



Figure 
3: 

Diagram 
of an equine vallate papilla. Dorsal 

view 
taken 
from Chamorro 
et al., 
(1986) Comparative 
scanning electron- microscopic 

study of 
the 

lingual 
pappilae 
in two 

species of 
domestic 

mammals 
(Equus 
caballus and 

Bos taurus): 1. 
Gustatory 

papillae, 
Acta 

Anatomica 
125: 
83-87 

sp 
- 

secondary papillae, sg- secondary grooves, P9 
- 

primary papillary grooves 
Figure 

4: 
Diagram 

of an equine 
foliate 

papilla. Dorsal 
view 

taken 
from Chamorro 
et al., 
(1986) Comparative 
scanning electron- 

microscopic study of 
the 

lingual pappilae 
in 
two 

species of 
domestic 

mammals 
(Equus 
caballus and 

Bos taurus): 
1. 

Gustatory 
papillae. 

Acta Anatomica 
125: 
83-87 a- 

Papillary leaves separated by deep grooves b- Detail 
of papilla surface 
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Taste can be divided into different modalities each of which is thought to have a 

unique receptor mechanism (Brand, 1997). A taste bud will respond mainly to 

one type of taste stimulus but can respond to other types, to a certain extent 
(Finger and Simon, 2000). Taste transduction involves a change in the ion 

balance within a cell, leading to a change in firing rate of the nerve (Brand, 

1997). The mechanism may involve ions entering directly through channels. For 

example, the salt taste occurs when the level of sodium ions in the oral cavity 

exceeds that in the intercellular space of the receptor cell. Sodium ions then 

enter the cell through sodium channels and, in doing so, depolarise the 

membrane (Brand, 1997). Other mechanisms may involve interaction of food 

chemicals with a receptor to change levels of intracellular signalling molecules 
(second messenger signalling) or interaction with a stimulus-gated receptor to 

alter the influx of ions through channels (Brand, 1997). 

In order to determine whether a taste can be described as a modality, 3 areas of 

information are required (Brand, 2000). Firstly, electrophysiological studies 

involve recording the activity of nerves of anaesthetised animals as taste buds 

are stimulated by different solutions (Bell, 1959). These provide information 

concerning the solutions, which cells respond to them and may also identify 

some transduction features unique to a modality (Brand, 2000). Secondly, 

studies of biochemistry and molecular biology provide information on the 

receptor mechanisms, which are unique to a modality. Finally, psychophysical 

studies which include investigation of thresholds for the detection of different 

solutions. In human studies, the subjects may be asked to evaluate solutions on 

attributes such as hedonics, quality and intensity (Moskowitz, 1977). Subjective 

evaluations cannot be used to investigate taste in animals, therefore taste 

discrimination tests are used. In taste discrimination tests, the animal is 

presented with a choice between a chemical solution and water. The preference 

for the solution over water is determined (preference for solution = intake of 

solution/total intake*100) This is repeated with varying concentrations of the 

solution. For example, Goatcher and Church (1970a) first tested sheep with two 
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bottles of water. They found that the sheep's mean preference did not differ 

significantly from 50% (theoretical no-preference). They then placed a 95% 

confidence interval around the mean of 50%. This approximated to 10%. 

Therefore, they suggested that 40-60% preference could be taken as the no 
discrimination zone (Fig 5). Above 60% was taken as acceptance of the solution 

and below 40% was rejection. Sheep were then exposed to several choices tests 

and linear regression was used to determine the upper discrimination threshold 

(concentration of solution where preference exceeded 60%) and the lower 

discrimination threshold (concentration of solution where preference exceeded 

40%). 

100i 

90ý STRONG 

STIMULANT SOLUTION 
K 100 

TOTAL FLUID INTAKE 

s0 ------I- PREFERENCE THRESHOLD (PRT) 
MODERATE PREFERENCE 70 -- -- ---- -" ZONE 
WEAK 

60 UPPER DISCRIMINATION THRESHOLD (UDT) 

50 NONDISCRIMINATION/95% CONFIDENCE INTERVAL AROUND 

ZONE (A THEORETICAL MEAN OF 5099 
40 LOWER DISCRIMINATION THRESHOLD (LDT) 

WEAK REJECT/ON 30 ------- PONE 
MODERATE 

20 -- REJECTION THRESHOLD (RET) 

10 STRONG 

CONCENTRAT/ON OF TASTE ST/MULANT 

Figure 5: Taste threshold chart. 
Taken from Goatcher, W. D. and Church, D. C. (197oa), Taste responses in ruminants I: 

Reactions of sheep to sugars, saccharin, ethanol and salts. Journal of Animal Science 

30: 777-783. 

Without these three areas of research it is difficult to classify taste sensations 
into modalities and compare modalities for different species. In humans, four 

modalities of taste are recognised: sweet, salty, bitter and sour (Brand, 1997). 

Randall et al., (1978) investigated the horse's ability to detect and show a 
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preference or aversion towards four chemical solutions related to these 

modalities. A preference for a sweet solution (in the range: 1.25-10g sucrose per 

100ml water) over distilled water, was found, and rejection of salty (>0.63g 

sodium chloride per 100m1), sour (>0.16g acetic acid per 100ml) and bitter 

(>20mg quinine hydrochloride per 100m1) in favour of water. Data from this 

psychophysical study alone, are not sufficient to confirm that similar modalities 

of sweet, salty, bitter and sour occur in the horse. Electrophysiological and 

biochemical studies are required to confirm the presence of receptor and 

transduction mechanisms for these modalities in the horse. 

Studies have shown species differences in taste systems. For example, Boudreau 

et al., (1985) found that cats were sensitive to certain amino acids while goats 

were not. Carpenter (1956) found that cats could not discriminate between a 

sucrose solution and water, while rabbits and hamsters showed a preference for 

sucrose. Goatcher and Church (1970b) found that cattle could discriminate 

sucrose from water at lower concentrations than could goats or sheep. As 

discussed previously it is likely that species differences in taste systems exist as 

adaptations towards specific diets. For example, a carnivorous cat showing 

sensitivity towards amino acids, appropriate to their meat diet. 

In many animals there appears to be a tendency towards preference or 

aversions for solutions associated with human modalities. For example, a 

preference for a sweet solution over water and for water over salty bitter or 

sour solutions has been found in horses (Randall et al., 1978), pigs (Kare et al., 

1965), and goats, cattle and sheep (Goatcher and Church, 1970a; Goatcher and 

Church, 1970b; Goatcher and Church, 1970c). An aversion to bitter taste is often 

thought of as an evolutionary mechanism for avoidance of toxins. This would 

be beneficial to the horses as poisonous plant alkaloids are often attributed with 

a bitter taste e. g. Allison and Day (1997). Sweetness may be correlated with 

energy in some foods so may provide a mechanism to attract animals to foods 

higher in energy. However, energy identification as a function for the sweet 
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taste modality has been disputed (Booth and Thibault, 2000), as many sources 

of energy, such as starch, will not taste sweet and many that do could be 

identified by their colour, e. g. ripened fruit. An alternative protein appetite has 

been suggested to explain sweet preference (Booth, 1991), as a receptor that is 

sensitive to certain components of amino acids, such as the hydroxyl group, 

would allow counteraction of bitter taste rejection and hence prevent neonatal 

mammals rejecting milk (Booth, 1991; Thibault and Booth, 1999). 

Sensitivities to sweet, salty sour and bitter, may help direct the animal to 

appropriate foodstuffs. However, most foods in the animal's environment will 

stimulate more than one modality receptor mechanism (Goatcher and Church, 

1970d) and most nutrients have little or no identifying taste or smell (Bartoshuk, 

1991). Therefore, although crude information regarding the presence of certain 

nutrients may be provided from the combined influences of vision, smell, taste 

and touch, such pre-ingestive stimuli are unlikely to provide the animal with an 

adequate profile of the nutrient content of ingested food. 

1.3: Post-ingestive fate of food 

1.3.1 : In the stomach 

For much of the time, the grazing horse maintains a slow steady intake of grass, 

known as trickle feeding (Harris, 1999). Mechanoreceptors of the stomach 

provide information on the contraction and relaxation of the gastric muscles as 

well as distension of the stomach wall (Blackshaw and Grundy, 1993), which 

may indicate the presence of food. For example, it is thought that food entering 

the stomach causes some distension of the stomach wall, prompting the release 

of the hormone gastrin (Brand, 1997), which in turn stimulates the release of 
hydrochloric acid and pepsinogen (Hadley, 1988). Alexander (1972) has found 

that rhythmic contractions of the stomach of the horse follow feeding. In some 

species, the sight of food may stimulate secretion of gastrin (Hadley, 1988) but 

this has not been found in the horse (Comlini et al., 1969; Frape, 1998). 
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A relatively large amount of lactate is produced by fermentation in the stomach 

of the horse, in comparison to that of the rabbit, another caecal fermenter, 

(Alexander, 1972). The trickle-feeding habits of the horse are likely to support 

such fermentation, as the almost continuous flow of saliva will buffer the lactate 

produced (Alexander, 1972). 

It is thought unlikely that chemical composition of food can be determined 

within the stomach (Covasa and Ritter, 2000). For example, studies by Drucker 

and Sciafani (1997) suggest that rats cannot discriminate between the presence 

of glucose and water in their stomach. Intragastric infusions of glucose did not 

produce a conditioned preference when prevented from leaving the stomach by 

a pyloric cuff. This was in contrast to glucose that passed into the intestines. 

This suggests that glucose, at least, cannot be identified in the stomach of this 

species. In the horse, the presence of nutrients in the stomach has been shown 

not to affect feeding behaviour immediately and probably has no effect until 

after absorption. For example, Ralston et al., (1983) administered acetate via a 

naso-gastric tube and found no difference in time until or intake in, the first 

meal, but there was a longer interval to the second meal, i. e. the effect was not 

seen until about 3 hours after administration. It is hypothesised that the three 

hours may have provided sufficient time for the acetate to leave the stomach 

and be processed and absorbed. Whereas, administration of glucose (a readily 

absorbed nutrient) to the stomach, affected feeding behaviour only 15 minutes 

after infusion (Ralston and Baile, 1982a). 

1.3.2 : In the Small Intestine 

The presence of food in the stomach and the acidic pH of digesta, as it passes 

into the intestine stimulates an increase in the release of the hormone, secretin 

in may animals (Frape, 1998; Brody, 1999). In the horse, pancreatic secretion is 

continuous but feeding and injections of secretin have been found to stimulate 

an increase in secretion of pancreatic juice (Comlini et al., 1969). However, the 

enzymatic activity of pancreatic secretions is low in the horse (Comlini et al., 
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1969; Roberts, 1974). A second hormone may also be involved in pancreatic 

secretions as the release of the hormone cholecystokinin (CCK), in many 

species, is promoted by the presence of fats and protein in the small intestine 

(Brody, 1999; Bray, 2000). It stimulates the release of enzymes from the pancreas 

and bile from the gall bladder (Hadley, 1988; Brody, 1999). The horse lacks a 

gall bladder, although bile is continually secreted from the liver, to emulsify 
dietary fat, aiding the hydrolysis by lipase (Frape, 1998). The lack of a gall 
bladder and the relatively low enzymatic activity of pancreatic secretions, may 

suggest that CCK is not required or functions differently in the horse. However, 

evidence of CCK secretion has been described in the rat, another animal lacking 

a gall bladder (Brody, 1999) and the hormone has been attributed with many 

other effects e. g. gastric motility and emptying (Brody, 1999) and satiety (Della- 

Ferra and Baile, 1979; McLaughlin, 1982; Baile et al., 1983; Perez et al., 1998a). 

In rodents and humans, it has been shown to decrease food intake (Bray, 2000). 

This effect has also been found in wolf pups (Morley et al., 1986) and sheep 
(Della-Ferra and Baile, 1979). The existence and function of CCK in the horse 

requires investigation. 

Glucose is readily absorbed in the intestine of the horse (Comlini et al., 1969) 

and may provide some post-ingestinal feedback as it is absorbed into the 

bloodstream. 

1.3.3: In the Caecum 

The ingesta then passes into the caecum and may arrive within 45 minutes of 

consumption, with most arriving within 3 hours (Frape, 1998; Harris, 1999). The 

fibre content can then be broken down by microbial digestion, along with any 

remaining starch and protein, producing volatile fatty acids such as acetic, 

propionic and butyric acids (Hintz et al., 1978; Frape, 1998). The proportion of 

acids produced varies according to the diet (Hintz et al., 1978; Frape, 1998). 

Feeding of concentrate results in greater production of propionate and less 

acetate than feeding of hay to horses (Willard et al., 1977). Absorption of 
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volatile fatty acids is controlled by the pH of the caecal contents (Frape, 1998). 

Propionate is incorporated into glycogen, while acetate and butyrate are 

incorporated into fat stores (Frape, 1998). 

The whole process of digestion and absorption takes several hours (Harris, 

1999), but horses fed pellets have been shown to feed in meals lasting, on 

average, 44 minutes (Ralston et al., 1979). This would mean that the 

information regarding the full nutrient content of foods consumed is not 

available as the horse is eating. In the case of concentrate and also forage 

feeding, a large amount may be consumed before any feedback is received. 

Therefore it is unlikely that diet selection can be determined by the post- 

ingestive consequences of the food being consumed. 

1.4: Development of preferences 

The sight and orosensory characteristics (taste, smell and texture) of foodstuffs 

allow the horse to discriminate between foods, but they do not provide much 
information on nutritional content, and post-ingestive information is not 

available until after food has been consumed. Therefore, one or more additional 

mechanisms must exist to guide a horse to suitable foodstuffs. For a new born 

mammal, such as the horse, diet selection may be a simple matter, as mother's 

milk provides all its nutrients, however, the animal must soon be able to select 
foodstuffs independently, if it is to survive. In fact, horses begin to graze as 

early as day one (Crowell-Davis et al., 1985). 

It has been suggested that animals have some genetic pre-programming to 

direct them towards certain foods, without prior experience (Owen, 1992). 

Alternative explanations include various methods of learning about safe and 

nutritious foods Forbes (1995); Provenza (1995), such as social learning or 

adapting intake based on the consequences of ingesting a food. 

It would seem appropriate for social animals, such as the horse, to be guided to 

safe food by parents or other conspecifics. For example, foals have been 
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observed to share their dams feed and will graze mostly at the same time as 

their mother (Crowell-Davis et al., 1985). Young mammals may also be able to 

learn about tastes from their mother's milk (Galef and Sherry, 1973) or faeces 

(Marinier and Alexander, 1995). It has been suggested that very young horses 

may learn preferences without ingesting the plants, Marinier and Alexander 

(1995) observed foals mouthing plants, up until the age of about six weeks. 

Subsequently, the foals began to ingest plants but avoided weeds. Tyler (1972) 

has observed similar behaviour in young foals as they nibble on items but may 

not ingest them. The exact mechanism of learning is not clear, but as incidence 

of coprophagy was highest during the first six weeks, the foals may be able to 

associate the taste of the plants they were mouthing, to the taste of the mare's 

faeces (Marinier and Alexander, 1995). The foal may then select those plants 

that it has associated with its dam's faeces. Transfer of preferences by faeces has 

been investigated in rabbits (Bilko et al., 1994). The results supported this 

possibility, but there were also other potential explanations such as conveyance 

through nursing and prenatal experience. Conveyance through nursing has 

been investigated by Galef and Sherry (1973) in rats. He found that exposing rat 

pups to milk from a female eating a novel diet, tended to increase the 

consumption of that food, by the pups, in a choice test (although the effects 

were not significant). This phenomenon may be worth investigation in the 

horse. 

Mothers may not be the only source of information. Social learning of 

preferences from other conspecifics has been demonstrated in several studies on 

rats e. g. Posadasandrews and Roper (1983); Galef and Allen (1995); Galef and 

Whiskin (1997); Galef and Whiskin (1998), where a demonstrator was exposed 

to a novel flavour before being introduced to other conspecifics. The 

conspecifics then showed a preference for the novel food that the demonstrator 

had been exposed to, over a different novel food. 
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Transmission of food preferences within groups of horses has not been studied 
but it has been shown that feeding behaviour is affected by social factors. For 

example, feeding behaviour may be initiated by the sight of another horse 

feeding (Sweeting et al., 1985). Presence and movements of conspecifics will 

also influence the area that an animal chooses to feed in (Roguet et al., 1998) 

and social interaction may aid the direction of feeding behaviour towards a 

novel foodstuff (Nicol, 1995). Clark et al., (1996) have shown that horses will 

approach a feeding area faster, having observed another horse feeding from 

that area. However, horses did not feed from the same bucket as the 

demonstrator any more than horses that had not observed the demonstrator 

feeding. This suggests that visual contact with conspecifics can influence the 

horse's motivation towards feeding sites but may not influence choice of 

patches or species of plants. Olfactory contact may potentially provide more 

information to aid food choice, for example, the smell of food may be present in 

the horse's breath and around its muzzle. 

Although animals may learn about many foodstuffs from conspecifics, they 

may still come across foods of which they have no experience. When this 

occurs, the animal's reaction may depend on its metabolic state. For example, if 

the animal is in a state of nutritional surplus, it may simply avoid novel foods, 

but if it is nutritionally deficient it may be more likely to vary its diet and 

sample other foods (Provenza et al., 1998). There is much anecdotal evidence of 
horses avoiding poisonous plants on good pasture but ingesting them when 

grazing is poor, e. g. Allison and Day (1997). When sampling novel foods it 

would be potentially harmful to ingest large quantities and when presented 

with unfamiliar foods, animals may sample only small quantities at first, but 

increase intake if no ill-effects occur (Launchbaugh et al., 1997). Fear of 

anything new is known as neophobia and has been demonstrated towards food. 

For example, Hawkes and Hintz (1985) found that horses required a period of 

adjustment to distillers grain, before they accepted it and then preferred it to a 
basal feed. Neophobia has also been demonstrated in dogs, (Smith et al., 
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1984a), where a change from semi-moist food to a novel canned diet, resulted in 

a decline in intake or rate. This only lasted a day or two and was not found on 

subsequent changes between the two types of food. 

In order for the animal to adjust to novel foods, there must be a mechanism that 

allows association of pre-ingestive stimuli, such as appearance, smell, taste and 

texture, with post-ingestive consequences. This has been demonstrated in 

studies on conditioned taste aversion (CTA) and conditioned taste preference 
(CTP). CTAs involve forming associations between flavours and negative post- 

ingestive consequence such as symptoms of illness. The ability to associate 

illness with foods ingested has been demonstrated in a range of species 

including horses (Houpt et al., 1990), rats (Garcia et al., 1972) and ruminants 
(Zahorik et al., 1990). Houpt et al., (1990) looked at the acquisition of taste 

aversions in the horse, by pairing feeds with immediate or delayed illness, 

caused by injection with apomorphine. They found that horses learned 

aversions to corn, alfalfa and sweet feed but not a complete pelleted feed, when 

onset of illness was immediate. No aversions were formed when injection was 
delayed for thirty minutes. 

Conditioned taste preferences (CTPs) occur when associations between flavours 

and positive post-ingestive consequences, such as high-energy yield, are 
formed. Studies have shown that animals will show a preference for foods 

paired with higher energy content. For example, after pairing a nutrient dense 

food with one flavour and a less nutrient dense food with a different flavour, 

given a choice, the flavour paired with the more nutrient dense food will be 

selected in greater amounts. This procedure is known as the oral-simultaneous 

method of conditioning (Sclafani, 1995) and has been demonstrated in lambs 

(Provenza et al., 1996) and golden hamsters (DiBattista and Mercier, 1999) but 

there have been no studies reported in the horse. An alternative method that 

has been used to condition preferences is to infuse nutrients, into the stomach, 

as the animal consumes a cue flavour (CS+), and infuse water, as a different cue 
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flavour (CS-) is consumed. This method is known as post-oral conditioning 

(Sclafani, 1995). Infusions ensure the preference does not result from the taste of 

the nutrients as opposed to the cue flavours. The animal is exposed to the 

different flavours with infusions separately, then as a choice test. A preference 
for the flavour paired with nutrient infusions (CS+) has been demonstrated in 

rats with several different nutrient infusions e. g. glucose (Drucker and Sclafani, 

1997; Perez et al., 1998b) sucrose (Azzara and Sclafani, 1998), maltose (Azzara 

and Sclafani, 1998), polycose (Lucas et al., 1997; Perez et al., 1998b), liquid diets 

(Lucas et al., 1998). However, no studies of conditioned taste preferences in 

horses have been reported. 

1.5: Learnt control of food intake 

It is also important to know how much to eat to satisfy requirements but avoid 

excesses. In addition to learning which foods to eat through post-ingestive 

consequences, animals may also be able to learn how much to eat to satisfy 

requirements. For example, Booth (1972) found that rats' intakes were greater 

when presented with a less energy dense food, than when presented with a 

more energy dense food. The effect was not evident until the second block of 

four meals, which may indicate that learning was taking place. An association 

between the nutrient density and stimuli such as flavour is known as 

conditioned satiety (Booth, 1972; Sclafani, 1997). Conditioned satiety has also 

been demonstrated by Lucas et al. (1997). They found that rats consumed more 

of an 8% polycose solution than a 16% polycose solution, when presented singly 

but the 16% solution was preferred in a choice test. 

There is evidence that horses can adapt to changes in nutrient composition. For 

example, Laut et al. (1985) diluted horse's feed with 25% or 50% sawdust. 

When fed the foods singly, the horses consumed a greater quantity of the more 

diluted food. The changes in intake were not immediately obvious but occurred 

over 14 days. This suggests that it takes several days for the animals to learn 
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that the nutrient content has changed, as would be expected due to the delay in 

receiving information from the digestion and absorption of food. Ralston (1982) 

found that when food was removed from the horse before digestion, through an 

oesophageal fistula, meal size did not change. If meal size was determined by 

feedback relating to the presence of food within the stomach, greater intake 

would be expected. The lack of change in intake would suggest that meal size 

was determined by orosensory characteristics. As it is unlikely that the animal 

can directly identify the nutrient content of the food, it seems more likely that 

previous consumption of the food allowed associations of taste with nutrient 

content. This learnt knowledge of the food affected subsequent meal size, with 

the horse consuming an amount which had previously satisfied requirements. 

Conditioned satiety may provide the animal with information about the food, 

but as nutrient requirements are not static, there must be other influences on 
feeding behaviour to adjust intake with changing requirements. 

When investigating the control of feeding in ponies, Ralston found that 

infusions of different nutrient affected subsequent feeding behaviour (Ralston, 

1982). Intragastric infusions of glucose decreased feed intake (Ralston and Baile, 

1982b). Intracaecal infusions of sodium propionate at a dose of lmmol/kg body 

weight, resulted in decreased intake in the first meal on refeeding after infusion 

(Ralston et al., 1983). Intragastric infusions of acetate had no effect on the first 

meal but delayed the initiation of a second meal (Ralston et al., 1983). This 

effect also occurred with intracaecal infusions of acetate (Ralston et al., 1983) 

and intragastric infusions of corn oil (Ralston and Baile, 1983). Intragastric 

infusions of cellulose had a delayed (between 3 and 13 hours post-infusion) 

effect of decreasing intake (Ralston and Baile, 1982). These results suggest that 

feedback mechanisms exist which alter feeding according to the levels of 

nutrients already present in the animal. 
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1.6: Chemical influences on feeding 

Nutrients are used for many processes within the body, many of which may be 

under the control of hormones and neural processes. As a result, levels of 

hormones and neurotransmitters can provide information on nutrient levels 

and so may influence feeding behaviour. For example, levels of circulating 

insulin, a hormone involved in the storage of fuels (Flatt, 2000; van Dijk et al., 

2000), are present in proportion to body fat content (Schwartz et al., 2000). 

Increased levels of body fat result in increased uptake of the hormone by the 

brain (Fig. 6) and may provide a mechanism to restrict further weight gain 

(Schwartz et al., 2000). Increased levels of insulin in the brain are thought to 

reduce food intake as intracerebroventricular infusion results in a decrease in 

food intake (Gronwall, 1975; Schwartz et al., 2000) or fat intake (van Dijk et al., 

2000). Due to the link between fat stores and circulating insulin levels, insulin is 

known as an adiposity signal as is leptin (Flatt, 2000; van Dijk et al., 2000). 

Leptin is a peptide secreted by adipocytes, with production being stimulated by 

insulin and glucocorticoids (Bray, 2000). It is probably involved in the long term 

control of body weight (Barrachina et al., 1997). Serum levels of leptin have 

been shown to fall in mares in response to feed deprivation within a 24 hour 

period, (McManus and Fitzgerald, 2000). Injected intra-peritoneally it will cause 

a decrease in food intake (Barrachina et al., 1997). It also depresses food intake 

once taken up by the brain (Chen et al., 1996; Bray, 2000; Schwartz et al., 2000). 

Another example of a chemical which affects feeding is the neurotransmitter, 

serotonin, whose rate of production is related to the ratio of amino acids present 

in plasma (Fernstrom and Wurtman, 1971a). Smith et al. (1999) have shown that 

serotonin infusion into the paraventricular nucleus of rats results in a decrease 

in fat intake and Bray (2000) found that injections of serotonin reduce food 

intake, particularly of high fat foods. Smith et al. (1999) also found reduced fat 

selection following cerebroventricular infusions of serotonin receptor agonists. 
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Figure 6: A summary of some of the mechanisms which may be involved in 

controlling food intake in the rat but remain to be tested in the horse. 

Adapted in part from Schwartz, et al. (2000), Central nervous system control of food 

intake. Nature 404: 661-671. 

1. Food taken into the mouth 
la. The nucleus of the solitary tract (NTS) receives information relating to the 

taste of food. 
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2. Food reaching the stomach causes the release of the hormone gastrin and 

subsequently the release of hydrochloric acid (HCJ) and pepsin. 
2a. Food in the stomach may also stimulates mechanoreceptors, which relay 

information via the vagus nerve to the NTS 

3. Food passing into the small intestine (SI) stimulates the release of secretin and 

cholecystokinin (CCK). 

3a. Secretin and CCK stimulate the release of pancreatic juice from the 

pancreas. 
3b. CCK receptors detect the CCK. This information is transmitted via the vagus 

nerve to the NTS. 

4. Nutrients are absorbed into the blood stream. 
4a. Glucose in the blood stream stimulates the release of insulin from the 

pancreas 

5. Insulin stimulates uptake of glucose, amino acids and fatty acids by cells 

5a. Excess glucose is converted to fat, causing an increase in circulating insulin 

and leptin 

6. Increased levels of insulin and leptin pass into the brain. 

6a. These act on pro-opiomelanocortin neurons in the arcuate nucleus (ARC) to 

stimulate release of a-melanocyte-stimulating-hormone (a-MSH) into the 

paraventricular nucleus (PVN). Increased levels of insulin and leptin in the 
brain also act on Neuropeptide-Y (NPY)/agouti-related-protein (AgRP) 

neurons to inhibit the release of NPY and AgRP into the paraventricular 

nucleus. This effect reduces food intake, although the exact mechanism is 

still unclear. This process is likely to be involved in the long term control of 
food intake. 

7. Information relating to energy metabolism is sent from the liver via the vagus 

nerve to the NTS. 

8. Theories have been put forward implicating the lateral hypothalamus (LH) in 

intake control but remain to be tested. 

9. The information from the forebrain is integrated with the information from the 
NTS, although exact mechanisms have yet to be identified. This information has 

a negative effect on food intake and is likely to influence meal size. 

Many other chemicals produced in the body are thought to influence feeding 

behaviour. These include corticotrophin releasing hormone (CRH) which 
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reduced food intake when injected intracerebroventricularly (Glowa et al., 
1992; Schwartz et al., 2000) Thyrotropin releasing hormone and oxytocin are 

also thought to decrease food intake (Schwartz et al., 2000). Neuropeptide Y 

has an intake increasing effect (Beck, 2000; Schwartz et al., 2000) particularly in 

relation to carbohydrate (Beck, 2000). Long term administration of cortisone has 

also been found to lead to greater feed intake in cattle (Carroll et al., 1963). As a 

caecal fermenting herbivore, the horse may not be influenced by chemicals in 

the same way as omnivores, carnivores or ruminants. More investigations of the 

effects of chemicals and the controls of feeding in horses are required. 

1.7: Other factors affecting feeding 

1.7.1 : Availabilitu 

The main priority in diet selection is to choose foods that will satisfy all the 

nutrient needs. However, it is unlikely that any one foodstuff will contain all 

nutrients in the right quantities. Therefore, there must be more to feeding than 

selecting a safe food and continuing to eat this until energy needs are met. 

Emmans (1991) has proposed that where there is a choice between two foods 

and one of which is nutritionally adequate, that food will be selected. However, 

if neither food is adequate, a mixture of the two, which minimises any 
deficiency, will be selected. In this situation, availability of appropriate food is a 
limiting factor. I. e. if the animal does not have access to a suitable diet, it cannot 

select a suitable diet. This has many implications in the domestic or captive 

environment, where animals are rarely given a choice, and the foods supplied 

may not be adequate as this may lead to consumption of substances which we 

as humans would consider unsuitable. For example, the stabled horse may eat 
his bedding, or chew the wood of his stable. Both bed-eating and wood 

chewing are considered undesirable behaviours by most horse owners. Lack of 
fibre has been suggested as a cause of wood chewing in the horse (Willard et al., 
1977). This is important not only for welfare reasons but also for understanding 
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preference testing. Differences in selection strategy of a deficient and a non- 
deficient animal need to be studied, along with investigation of how animals 

cope with insufficient availability of foodstuffs and a deficient metabolic state. 

1.7.2 : Hedonics 

In humans, foodstuffs are often judged on their hedonic value. This means that 

eating is associated with pleasure and the degree of pleasure varies with 

different foodstuffs. Palatability is a term often used in both human and animal 

feeding and if something is palatable it simply means that it is likely to be eaten. 

Since, in humans, judgement of foods is on hedonic value, palatability is often 

used to describe the hedonic response to foods, i. e. a food is more likely to be 

eaten, (more palatable) if it gives more pleasure, (has a higher hedonic value), 

e. g. Rogers (1990). However, in animals it is very difficult to show that animals 

experience pleasure when eating or that they judge foodstuffs on this property. 

There is also much argument concerning what other factors should be included 

as part of palatability. For example, should palatability refer only to the initial 

response to a food or should it also refer to later responses which may be 

influenced by previous experiences of the food. Kissileff (1990) proposed 

dividing palatability into intrinsic and learned palatability. Intrinsic refers to 

the initial response and learned palatability to responses following experience. 

Sensory specific satiety has been suggested as a mechanism to prevent 

overeating of palatable foods. Berridge (1991) thought that the hedonic value of 

a food would decrease with ingestion, so that in the course of a meal, a food 

would become less palatable, and less likely to be eaten. This has not been 

investigated in the horse, but there is evidence of a similar effect in the rat. Treit 

et al. (1983) found that when the rat was given four servings consecutively of a 
food, each with a different flavour, total intake was greater, than when each 

serving had the same flavour. This may indicate that there could be a factor, 

relating to the sensory properties of a food, involved in satiety, or meal 
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termination, but this need not reflect hedonic changes. For example, addition of 

new flavours could make it harder to keep track of intake levels. 

A related phenomenon is monotony. In human terms, this is reduced 

palatability following repeated exposure to the same food. Animals, including 

cats (Hegsted et al., 1956), and lambs (Early and Provenza, 1998), have also 
been shown to reject foods recently eaten in favour of less familiar foods. 

However, a relationship to hedonics cannot be shown in animals. 

Therefore, when describing feeding behaviour in animals, monotony and 

sensory specific satiety should refer only to responses to repeated exposure to 

foods, and should not imply changing hedonic values. However, the possibility 

of hedonics influencing feeding behaviour should not be ignored, instead it 

should be accepted as a possibility that has been neither proved nor disproved. 

1.8: Investigating feeding behaviour 

1.8.1: Overview of methods 

There are many possible reasons why an animal chooses to consume a 

particular food, e. g. it may satisfy a requirement, it may have hedonic 

properties or it may be more available than another option. This means that 

investigating feeding behaviour in animals can be problematic as they cannot 

communicate their reasons for their food choice, directly. 

Several methods have been developed which attempt to separate and 

investigate factors influencing choice. In particular, many studies attempt to 

separate out hedonic influence, which is assumed to be a factor in preference, 

e. g. Kitchell and Baker (1972); Cagan and Mailer (1974); Baldwin (1976); 

Weingarten and Watson (1982); Myers and Hall (1998). 

The simplest method is to compare the animal's reactions when presented with 

a single feed. Several different measurements can be taken, which are thought 

to be related to how the animal perceives the food. For example, intake rate is 
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thought to be greater with a more preferred food, e. g. Baumont (1996). 

However, this may not be the only reason for increased intake rate as factors 

such as hunger and food texture may also influence the result (Kaplan et al., 
1990). For example concentrate food can be consumed at a faster rate than 

forage (Harris, 1999). 

The amount consumed and meal patterns have also been used. Sunday et al., 
(1983) found no differences in meal patterns when two different diets were fed 

singly, but when the diets were fed simultaneously, meal frequency, size and 
daily intake differed significantly. These results suggest that such 

measurements, taken when foods are fed singly, do not reflect preference, but 

may instead reflect the animal's knowledge of the food and its nutrient content. 

A choice test, where the animal is given free choice of two or more foods, is 

popularly used. However, it also has its limitations. It is based on the 

assumption that if the animal has no preference it will consume equal amounts 

of each choice. Studies have shown, that when two dishes with equal content 

are presented, more of one may be eaten than the other (Hegsted et al., 1956) as 

animals may choose to continue to consume one option rather than searching 
for an alternative. This effect may be reduced by repetitions, as has been shown 
by Waterhouse and Fritsch (1967) and by alternating the position of buckets 

(Kitchell and Baker, 1972). 

Choice tests may also be limited in the amount of information they give. Use of 

additional methods such as cumulative intake, as described by Smith et al., 
(1984b) can provide more information. Cumulative intake studies involve the 

use of a load cell which weighs the food as the animal is eating, allowing 
instantaneous measurements of intake rate to be recorded. This may provide 

useful information as it has been suggested that intake rate at the beginning of a 

meal is related to preference (Baumont, 1996). In a choice test it may also allow 
the animal's pattern of selection to be analysed. Sunday et al. (1983) have 

shown difference in meal patterns when two diets were offered, which they 
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suggested was a result of a preference for one diet over the other. Smith et al. 

(1984a) noted clear differences between feeding patterns for diets using 

cumulative intake measurements. They emphasised the need for further 

investigation to identify rules governing eating patterns. 

There has been some argument concerning the length of test. For example, 

Hegsted et al. (1956) questioned the value of short-term tests after finding, in a 

six day test, that preference over the first three days differed from that over the 

last three days. Also, short-term tests may be more prone to the influence of 

monotony and neophobia. For example, Murphy et al. (1999) suggested that 

the influence of neophobia may be overcome with longer tests. Whilst some 

researchers support long tests e. g. Forbes and Kyriazakis (1995) and Emmans 

(1991), others favour shorter tests in an attempt to prevent post-ingestive 

consequences being reflected in preferences, e. g. Weingarten and Watson 

(1982). However, doubt has been expressed about the ability of animals to relate 

post-ingestive consequences to individual feeds, when the only exposure to 

those feeds is in a choice situation, (Forbes and Kyriazakis, 1995). 

Operant techniques, which involve the animal working for food, attempt to 

quantify preferences. They work on the principle that animals will work harder 

for preferred foods. One method that has been investigated is to compare 

response rates on variable interval schedules, with the hypothesis that the 

number of responses will increase with increasing preference, e. g. Kennedy and 

Baldwin (1972). However, Kennedy and Baldwin (1972) found no difference 

between three of the solutions tested. This was in contrast to choice tests, which 

suggested a difference in preference between the solutions. Kennedy and 

Baldwin (1972) also investigated progressive ratio schedules, in which, after 

each reward, the number of response required increases. At a certain level the 

animal will stop responding and it was proposed that this level would be 

higher for more preferred foods. The results obtained were in agreement with 

the free choice test. 
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Operant techniques could also be used in conjunction with consumer demand 

theory. In particular two techniques from human economics can be applied to 

animals, Mason et al. (1997). These are measurement of elasticity of demand 

and measurement of income elasticity. Measurement of elasticity of demand 

looks at the change in consumption of a resource, as it is made more costly. For 

example, if the cost is number of responses per reward and this is increased, the 

change in consumption, as number or responses required increase, is a measure 

of elasticity. Measurement of the elasticity of income, involves changing the 

consumer's budget, in animal economies, this may involving changing the time 

the animal has available, to select between the foods. 

An alternative is the use of concurrent schedules. This involves two levers, and 

the theory that if one lever is more rewarding than the other, proportionally 

more responses will be directed to that lever (Chao, 1984; Rashotte and Smith, 

1984). For example, if both levers operate on the same variable interval schedule 

but one lever gives twice the amount of food for each press, that lever will be 

pressed twice as often, whereas if both levers deliver rewards to the same value, 

responses to each should be equal. Rashotte and Smith (1984) have proposed 

that in addition, to the animal matching responses to the relative quantitative 

value the levers, they may also match their responses to the relative qualitative 

value, i. e. if they 'like' one food twice as much, they will press that lever twice 

as much. This method has been tested in dogs (Chao, 1984; Green and Rashotte, 

1984; Rashotte et al., 1984). It has the advantage over other operant techniques 

of having both options available simultaneously. However, it has the 

disadvantage compared with non-operant techniques of being very time 

consuming. In addition, Rashotte et al. (1984) found discrepancies between a 

concurrent schedules test and a traditional choice test. This may be due to the 

limit on intake rate of the preferred flavour due to the variable schedule of 

reinforcement of the operant methodology, which is absent in a choice test. In 

concurrent schedules, there is a clear advantage to partial preference, as overall 
food intake can be maximised by consuming some of the less preferred food. 
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Chao (1984) have attempted to use the method to produce a hedonic scale of 

sugars. However, as with other preference tests, there still remains the 

confounding influence of post-ingestive influence. For example, an animal may 

respond more for one lever because the energy content of the reward is greater. 

This would be an interesting methodology to use to determine if animals can 

match their responses to energy differences, e. g. will an animal respond twice 

as much to a lever which delivers a food twice as dense in energy? 

1.8.2 : Choice of test 

No method of preference testing is without criticism as they are all subject to 

confounding factors, which make conclusive interpretation problematic. These 

factors need to be investigated further to allow proper evaluation of preferences 

and, possibly, the development of better testing methods. In the meantime, the 

limitations of preference testing must be acknowledged when being 

interpreted. 

In single presentation tests the foods have to be compared at different times, 

therefore the results are confounded by many factors, both relating to the 

animal, such as metabolic state, and the environment, such as temperature 

differences. This makes it very difficult to identify why the animal has changed 

its response, and as the responses to the two foods are not directly comparable 

the term preference may not be applicable. A more appropriate term, which has 

been used and allows differentiation between response to a single food and 

response to a choice, is acceptability. 

In choice tests, assumptions are often made such as: the animal can identify 

both options as foodstuffs; the animal will sample both choices; the animal will 

make a choice based on the properties of the options, not on external factors e. g. 

positional bias. These assumptions may not always hold true, but it may be 

possible to control or test some of them. For example, comparing choices on the 

left with choices made on the right can identify positional bias. 
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Operant techniques show promise for quantifying preference, but many of the 

same factors still have an effect. For example, they assume that the animal is 

making a choice based on the properties of the foods but past experience can 

still have an effect. 

Short term tests, may reduce the effects of nutrient composition. However, they 

are still affected by previous experience such as neophobia and monotony. In 

addition, intake may be influenced by the nutritional composition of similar 

foodstuffs that have been experienced previously. 

Long term tests are likely to reduce or identify factors that may affect short- 

term tests such as neophobia, monotony, previous experience and positional 

bias. It is also more likely, in the course of a long-term test, that both options 

will be identified and sampled. They may be influenced by post-ingestive 

consequence, but this need not be a problem, if preferences always reflect post- 

ingestive experience. 

1.9: Conclusion 

To conclude, preferences are likely to develop to allow selection of a balanced 

diet and feeding behaviour is likely to be influenced by immediate effects and 

post-ingestive consequences. Feeding behaviour, diet selection and feeding 

preferences are still not fully understood. Therefore, more investigations are 

required into the factors affecting preferences and how they influence 

preference tests. 
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Chanter 2: Preliminary investigations of choice tests 

2.1: Introduction 

Knowledge of the rules governing dietary selection of horses could provide 

useful information for the promotion of health and welfare as discussed in the 

Chapter 1. However, animals cannot communicate their preferences, directly, as 

humans can. Therefore, before conclusions can be drawn regarding preferences, 

it is necessary to investigate methods for the reliable testing of preference. 

Several methods of investigating preference have been reviewed in the previous 

Chapter, including those involving the presentation of a single feed, with or 

without costs imposed. Single presentation methods can give valuable 

information concerning feeding behaviour but comparisons between different 

foods can be difficult as many factors may influence feeding from one 

presentation to the next. For example, the physiological state of the animals 

may differ and lead to differences in intake (Griffin et al., 1984). Therefore for 

reliable comparisons to be made between two foods, they should be presented 

simultaneously. The use of concurrent schedules as described by Green and 

Rashotte (1984) could provide useful information but is time-consuming. 

Therefore, for initial investigations of diet selection, a simple choice test, with 

access to two or more options may be more appropriate. 

One assumption of the simple choice test is that both options are sampled in 

order for a choice to be made (sampling assumption). However, this may not 

occur in a single presentation, if the animal has selected a bucket at random, 
finished it, and then moved to the second. Information is required on the 

behaviour of the horse when presented with two buckets to determine how 

they will sample the options. 

When interpreting a choice test, an assumption is often made, (the 0.5: 0.5 

assumption) that where the animal has no preference, approximately equal 
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quantities of each option will be eaten e. g. Hegsted et al. (1956); Waterhouse 

and Fritsch (1967); Goatcher and Church (1970a). If this assumption is wrong 

and they consume more of one than the other with no preference, this could 
lead to unreliable results. For example, if an animal presented with two buckets, 

selects randomly or on the basis of environmental factors, and this leads to 

preferential selection of one bucket, regardless of the contents, it may be 

concluded that an animal has a preference for the contents of that bucket. 

Selection of a bucket may be made at random or may relate to environmental 

factors such as the positioning of conspecifics or of resources such as water or 

shelter (Prache et al., 1998). Where the animals always selects a bucket from 

one side, regardless of contents, this is referred to as a positional bias. Hegsted 

et al. (1956) found no positional bias in his studies of cats. Waterhouse and 

Fritsch (1967) found a small percentage of dogs exhibited a positional bias, but 

no data are available for the horse. 

If choice tests are based on assumptions, such as the sampling and 0.5: 0.5 

assumptions, that do not hold true then they do not give sufficient information 

to correctly interpret preference. More investigations of the rules of selection by 

individual species are required before correct interpretation can be made 
(Forbes and Kyriazakis, 1995). Therefore, this study aims to investigate the 

sampling behaviour of the horse when exposed to a simple choice test in two 

situations. Firstly, when the two choices are identical and secondly when the 

choices differ in flavour but not nutrient content. These situations will also be 

used to investigate the occurrence of positional bias and random selection. 

2.2: Materials and methods 

2.2.1 : Animals and management practices prior to the trial 

The subjects were eight adult crossbred geldings, aged between 9 and 23 years, 

resident at De Montfort University Equestrian Centre and used in riding school 

activities (Appendix A). Prior to the test they were kept in individual loose 
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boxes and exercised for up to 3 hours per day at medium intensity (mainly 

walking trotting and cantering). On weekdays they were given three meals a 

day and given two meals a day on weekends. Concentrate feed, prior to the 

trial, comprised either pellets or a concentrate mix, with mollassed chaff added 

at every meal, sugar beet added in two meals and water added in the third. The 

energy density and weight given of the previous diet varied according to the 

weight and condition of the horse. The approximate energy intake from 

concentrate feeds was calculated for each horse, from manufacturer's details. 

This value was used as the individual's energy requirement during testing, to 

ensure the horses' health and condition were not affected by a change in diet 

and energy provided. 

2.2.2: Housing 

The experimental boxes measured approximately 5m by 6m, with an 

interconnecting door, allowing visual and tactile contact between horses (Fig. 

7). Video cameras (JVC 1280E) were mounted on the walls above the feed 

buckets and connected to a Sanyo VQM-800 B/W Quad Compressor, which 

was connected to a video recorder (Sanyo 168Hr TLS 1600P) and monitor (JVC 

TM-14EK(B) ). The boxes were in a quiet location to minimise disturbance. They 

were provided with a bed of shavings and water was available ad libitum. 

Horses were randomly paired and one of each pair was randomly allocated to 

Group A and the other to Group B. Horses were tested in their pairs, with one 

pair being exposed to all tests before being returned to home boxes and the next 

pair being brought to the experimental boxes. Horses were moved to the 

experimental boxes on day 1 and allowed 3 days to become accustomed to the 

boxes. They remained in the boxes for two weeks except for daily exercise. 
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2.2.3 
: 

Daily 
schedule 

The horses 
were given weighed nets of 

haylage (See Appendix B for details) 

at approximately 

06: 30,12: 00 

and 

18: 

00 hours. On days 3-7 
and 

10-14, 
horses 

were fed 3 
concentrate meals per 

day 
and 

were worked on average 

2 hours 

per 

day. 

On days 1-2 
and 
8-9 horses 

were fed 
two 

meals and rested. 
Concentrate 

feed 
was 

given 

between 07: 00 

and 

08: 00 hours (breakfast), between 16: 00 

and 

17: 

00 
hours (dinner) 
and, on 
days 

with 
3 

meals 
(Days 3-7 

and 
10-14), 

between 12: 00 

and 

13: 00 hours (lunch). The 

concentrate 
feed 

used was 

Winergy 

BalancedTM (Pedigree Masterfoods, 
Leicestershire, Appendix B), 

which was estimated 
by 

the 

manufacturers 

to 
have 

12 MJ DE/kg DM. Measured 

quantities of water 
(approximately 0.5kg) 

and 

mollassed chaff 

(approximately 0.2kg) 

were mixed 

to the 
concentrate. 

The 
amounts added were similar 

to those 

added prior 

to the 

study and were 
included 

to 

reduce 

the 
possibility of neophobia 
towards the test 

food. However, 
the 
addition 

of soaked 

sugar 

beet 
to 

meals was not carried out 

during 
the tests 
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as the composition of soaked sugar beet is very variable and would have led to 

a large error in energy density estimations. Pure garlic powder and dried mint 
(Dodson and Horrell, Kettering, UK. ) were used as cue flavours. Following 

pilot investigations (described in Appendix C) cue flavours were added at a 
dose of 15 mls per bucket. 

During feeding on days 1-3 the time taken for each individual to consume the 

single feed was recorded and an average calculated for each individual. This 

value was rounded to the nearest minute and used as a feeding time for choice 

tests. This was carried out to ensure each horse had sufficient time available to 

eat the quantity of feed required to meet energy requirements. At feeding times 

on choice days (days 4-7 and 10-13), horses were presented with two identical 

buckets containing the choices as described in Table 1, and then left for their 

individual feeding time. The bucket placed to the left of the experimenter was 
described as the left bucket. Each choice was given for 6 meals in total. One 

horse from each pair was exposed to the choices in the reverse order from his 

partner. 

On non-choice days (days 1-3,8-9 and 14), horses were given a single 

unflavoured feed. During feeding times, the horses were video-taped and each 

horse was allowed to feed for its predetermined feeding time, before the 

buckets were removed and the feed remaining weighed. A small red tag 

identified the bucket containing mint. The flavours were always placed in the 

same buckets to prevent contamination of odour cues. A small white tag on the 

bucket identified the buckets placed on the right. 
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Table 

1- 

Summary 

of 
feeding 

schedule 
in 

the 
identical-choice 

and mint-or-garlic-choice 

tests 

Day 

1-3 

4-5 

6-7 

Choice 

Pre-exposure-identical Group A 

Unflavoured 

feed 

Left 
Mint 
Group B 

Unflavoured 
feed 

Left 

Garlic 
Garlic 8-9 

10-11 

12-13 14 Mint-or-garlic-1 

Mint-or-garlic-2 

Post-exposure-identical 

2.2.4: Choice 
testing 

procedure Right Mint 
Mint 

Unflavoured 

feed 

Left 
Mint 

Garlic 

Right 
Garlic 
Garlic 

Unflavoured 

feed 

The 
choices offered were divided into two types: 

. 
A..: 

- 
Identical-choice 

tests Mint 

Right Garlic 
Garlic 

Unflavoured 
feed 

Left 
Garlic 

Mint 

Right 
Mint 
Mint 

Unflavoured 
feed 

Two 
tests 

with 

identical 

choices were carried out: 

the 
pre-exposure-identical 

test 
(carried 
out on 

days 4-5) 
and 

the 

post-exposure-identical 

test 

(days 12-13). 
The 

options, within each 

test, 
were 

identical in 
composition and cue 

flavour 

and were presented 
in identical 

buckets. The horses had 

not 

been 

exposed 

to 

a 

choice 

test 
for 

at 
least 

six months prior 

to this 

study. 
The 

pre-exposure-identical 
test, 

was used 
to test the 

assumption 

that 
given 

identical 
choices, no preference 

would 
be 
shown and 

the 

horses 

would consume approximately equal amounts 
from 

each 
bucket, (0.5: 0.5 

assumption). 
A 

preference 
(defined 
as 

intake 
of one 36 



option divided by total intake within meal) in the region of 0.5 with a normal 
distribution would suggest that the horses had no positional bias and tended to 

sample both options equally. A preference in the region of 0.5 with data 

approximating to a bimodal distribution would suggest that the horses had no 

positional bias and tended to select a bucket at random in each meal. A 

preference differing from 0.5 would suggest a positional bias. The post- 

exposure-identical test was used to further evaluate this assumption, with a 

second flavour in both buckets and after the horses had been exposed to a 

different flavour on either side. 

B: Mint-or-choice tests 

This consisted of two flavour tests: mint-or-garlic-1 (days 6-7) and mint-or- 

garlic-2 (days 10-11). The horses were exposed to one flavour on the same side 

for 6 meals (mint-or-garlic-1), before the positions of the buckets were reversed 

for a further 6 meals (mint-or-garlic-2). This allowed testing of the assumption 

that both options are sampled before a choice is made (sampling assumption) 

when different flavours were available, by analysing the videos to determine 

whether the horses ate all the food from one bucket, then switched, or sampled 

both options early in the test. It also allowed further investigation of the 

implications of the 0.5: 0.5 assumption, when different flavours were available, 

and the possibility of positional bias. If a horse had a positional bias, it would 

be expected that his preference for one side would be similar in both tests 

despite the reversal of flavour positions. 

2.3: Data Collection 

Behaviour on videos was analysed using continuous recording. Observations 

were divided into bouts directed towards the left bucket and bouts directed 

towards the right bucket. A bout started when the horse's head entered the 

bucket and finished when the head left the bucket and remained out for 

approximately 1 second or more. The number of switches between buckets, 
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where the horse finished a bout in one bucket and the next eating bout was 

directed towards the other bucket, was counted (n-changes). The beginning of 

the test was defined as the start time of the first bout. The latency to sample the 

second bucket (latency) was defined as the time from the start of the test until 

the start-time of the first bout directed towards the second bucket. 

The individual energy requirements of the horses varied, so to avoid the results 
being biased by those horses requiring larger meals (Waterhouse and Fritsch, 

1967), proportional intakes from the left were calculated (pLeft= intake from left 

bucket/total intake) and used in the analysis, instead of actual intake. 

2.4 : Data Analysis 

The data were analysed using MINITAB 12.1 (Minitab Inc. 1998). 

2.4.1 : Distribution of preference for left bucket (pLeft) 

If the horses had no preference and ate approximately equally from the buckets 

within a meal, then it may be expected that pLeft in the majority of meals 

would be close to 0.5 and meal preferences should be distributed according to a 

normal curve with a mean of 0.5 (Hegsted et al., 1956). If the horses had no 

preference but selected one bucket randomly at each meal, it might be expected 

that data would approximate to a bimodal distribution. Kolmogorov-Smirnov 

tests (Dytham, 1999) were used to test for normality by group for each test. 

2.4.2 : Divergence 
-from 

expected preference of 0.5 (0.5-pLe t): 

The deviation of the actual preference from the expected value of 0.5 was 

calculated by subtracting pLeft from 0.5 (0.5-pLeft). Wilcoxon's rank analyses 

were used to test the null hypothesis that there were no differences between the 

actual preferences, shown over the six meals by each horse, and the expected 
0.5, as described by Waterhouse and Fritsch (1967). This was carried out for 

each identical-choice test to investigate positional bias and each mint-or-garlic- 

38 



choice test to determine if the horses showed a significant flavour preference. 
Wilcoxon's rank analyses were also carried out to compare each group's 

preference for the left bucket to 0.5 in each test. 

2.4.3 : Preference for the left bucket (pLe, ft): 

The data did not differ significantly from the normal distribution for any test, so 

pLeft data were subjected to a repeated measures ANOVA with horse as a 

random factor, group as a between horse factor and test and meal as within 

horse factors. Minitab restricts multiple comparisons to fixed factors. Therefore 

to further investigate any significant effects, an ANOVA and Tukey's post-hoc 

pairwise comparisons were carried out, without horse as a factor. In addition 

one-way ANOVAs were carried out for each horse, followed by Tukey's 

pairwise comparisons to compare pLeft in each test. 

2.4.4: Number of switches between buckets (n-changes): 

Data for n-changes in each test were tested against the normal distribution 

using Kolmogorov-Smirnov tests. The data differed significantly from the 

normal distribution so data were subjected to square root transformation as this 

is said to be a useful transformation for counts (Howell, 1997). However data 

still differed from the normal distribution. Therefore, for each horse a Kruskall- 

Wallis test was carried out with test as the factor. 

2.4.5: Latenci to sample second bucket (latency): 

Data for latency in each test were tested against the normal distribution using 
Kolmogorov-Smirnov tests. The data differed significantly from the normal 
distribution so data were subjected to logio transformation. The transformed 

data (transformed-latency) did not differ significantly from the normal 
distribution (P>0.05 in each test). Transformed latency data were subjected to a 

repeated measure ANOVA with horse as a random factor, group as a between 

horse factor and test and meal as within horse factors. To further investigate 
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any significant effects, an 
ANOVA 

and 
Tukey's 

pairwise comparisons were 

carried out, without 
horse 

as a 
factor. In 

addition one-way 
ANOVAs 
were 

carried out 
for 

each 
horse, followed by Tukey's 
pairwise comparisons 

to 

compare 

latency in 

each 
test. 2.5: Results 

2.5.1 

: 

Distribution 
of preference 

for left bucket (pLeft) The 

pLeft 

data did 

not 

differ from 
the 

normal 

distribution for 

either group 

in any 

test 
(Table 2, Figs 8 
and 

9). Table 

2- 

The 

mean pLeft 
(intake 

of 

the 
left bucket 

as a proportion of 
total intake 

within a meal) and s. e. 

in 
the 

identical-choice 

and mint-or-garlic- 

choice 
tests 

for 
each group. 

The P-value 

from 
Kolmogorov-Smirnov test 

comparing 
data 
to 
a normal 

distribution is shown. 
Group A 
were given 

two buckets 
of mint 

in pre-exposure-identical and garlic 
in post-exposure-identical, mint on right or garlic on 

left in 
mint-or-garlic-i, garlic on 
right or mint on left in 
mint-or-garlic-2. 

Group B 
were given a choice of 
two 
buckets of garlic 
in 
pre-exposure-identical and 
two buckets 
of mint post-exposure-identical, garlic 
on right or mint on 

left in 
mint-or-garlic-i, mint on right or garlic on left in 
mint-or- 

garlic-2. 
Choices 
were given 

for 6 
meals. Group A Group B 

Mean 
s. e. 

P 
value 
Mean 

s. e. 
P 

value 
Pre-exposure-identical 0.46 0.05 

>0.15 

0.55 0.05 

>0.15 
Mint-or-garlic-1 
0.32 0.05 

>0.15 
0.76 0.04 
>0.05 

Mint-or-garlic-2 0.43 0.05 
>0.15 

0.32 0.06 
>0.15 Post-exposure-identical 0.30 0.05 

>0.05 0.5 0.07 
>0.15 
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Figure 8: Frequency distributions 

of pLeft 
(proportional left bucket 

intake) in the identical-choice and mint-or-garlic-choice 
tests for Group A. 
Normal 
curves as generated by 

Minitab 
12 

(Minitab 
Inc. 

1998) are shown. 
Horses 
were 
given a choice of 

two buckets of mint 
in 
pre-exposure-identical, mint on right or garlic on left in 
mint-or-garlic-1, garlic on right or mint on left 

in 
mint-or-garlic-2 and 

two buckets of garlic 
in 
post-exposure-identical. 
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Figure 
9: 

Frequency distributions 
of pLeft 
(proportional left bucket 

intake) in the identical-choice 
and mint-or-garlic-choice 

tests for Group B. 
Normal 
curves as generated by Minitab 
12 

(Minitab Inc. 
1998) are shown. 

Horses 
were 
given a choice of 

two identical buckets 
of garlic 

in 
pre-exposure-identical, garlic on 
right or mint on left in 

mint-or-garlic-i, mint on right or garlic on left in 
mint-or-garlic- 

2 and 
two identical buckets 

of mint 
in 
choice. 
Each 

choice was repeated 
to 
give 

6 
meals 42 



2.5.2 : Divergence from expected preference of 0.5 (0.5-pLeft) 

Neither group showed a preference significantly different to 0.5 in the pre- 

exposure-identical-choice test (median 0.5-pLeft=0.06, W24=170.5, P=0.568 for 

Group A and median 0.5-pLeft= -0.013, W23=105.5, P=0.330 for Group B, Fig 10). 

Group A showed a pleft significantly lower than 0.5 and hence a preference for 

the right bucket, in the post-exposure-identical test (median 0.5-pLeft=0.285, 

W23=237.5, P>0.01). Both groups showed a preference for the bucket containing 

mint in mint-or-garlic-choice-1, which was the right bucket for Group A and the 

left bucket for Group B (median 0.5-pLeft=0.195, W24=255, P>0.01 and median 
0.5-pLeft= -0.285, W24=16, P>0.001 for Group A and B respectively). Only Group 

B showed a significant preference for the bucket containing mint in mint-or- 

garlic-choice-2, which in this case was the right bucket (median 0.5-pLeft=0.26, 

W24=244, P>0.01). 

No individual showed a preference significantly different to 0.5 in the pre- 

exposure-identical. In the post-exposure identical test, one individual, Sa3, 

showed a preference significantly different to 0.5 (median=0.315 W6=21, P<0.05, 

Table 3). In mint-or-garlic-test-1,4 of the 8 horses showed a preference 

significantly different to 0.5. In mint-or-garlic-test-2,2 of the 8 horses showed a 

preference significantly different to 0.5. 
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2.5.3 
: 

Preference for 
the 

left bucket (pLeft) 
There 

were significant 

interactions between 
test 

and group 
for 

pLeft 
(F3,18=5.76, 
P<0.01, Table 

4). Group A 

showing a 

lower 

pLeft 

in 

mint-or-garlic-1 
than 

Group 
B (by 0.44 

± 
0.076, T=5.7485, P<0.001, Fig 11), 

as might 
be 

expected 
due 

to the 

opposite positioning of 
flavours. Similarly, 

there 

were 

interactions between 
test 

and 

horse (Fls, v0=2.24, P<0.01), 
with 
3 horses 

showing significant 
differences in pLeft 

between 
tests 

(Table 5). 
Table 

4- 
Analysis 
of 

Variance Table for pLeft, using 
Adjusted SS for Tests as generated 

by Minitab 
12 

(1998)" 
Horse 
was a random 

factor. 

Horse 

were exposed 
to 

four different 
choice 

tests. 
Groups 

differed in 
order of presentation of choices. 
Each 

choice was presented 
for 6 

meals. x 
-the F-test is 

synthesised 
because it could not 

be calculated exactly by 
Minitab 

in 
a mixed model 

Source 
DF Seq SS Adj SS Adj MS FP Group 1 1.0920 1.09203 1.09203 2.79 0.146 

Horse(Group) 6 2.3521 2.35209 0.39202 3.76 0.019 
x 

Test 3 0.9470 0.94695 

0.31565 2.85 0.066 Group*Test 3 1.9114 1.91141 0.63714 5.76 0.006 Test*Horse(Group) 
18 1.9918 1.99181 0.11066 2.24 0.007 Meal 5 0.1275 0.12754 0.02551 0.60 0.703 Group*Meal 

5 0.2822 0.28217 0.05643 1.32 0.283 Meal*Horse(Group) 30 1.2847 1.28473 0.04282 0.87 0.661 
Test*Meal 15 0.7037 0.70366 0.04691 0.95 0.512 Group*Test*Meal 15 0.7091 

0.70911 0.04727 0.96 0.504 Error 90 4.4376 4.43762 0.04931 
Total 

191 15.8391 
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Group B 
showed 
differences in 

pLeft 
between 

tests, 

with a 
higher 

preference 
for the 

left bucket 
when 

given a choice 

between 

mint on 
the 

left 

or garlic on 

the 
right 

(mint-or-garlic-1) 

than 

in 
mint-or-garlic-2 

(by 0.44 
± 

0.076 T=5.819, 
P<0.001) 
or 

in 
post-exposure-identical (by 0.26 

± 
0.076 T=3.46, P<0.05). Group A 

showed no 
differences between 

test 

for 
pLeft, with a mean pLeft 
between 0 
and 0.5 in 

every 
test. 

pLeft 
M Group A 

eGroup B 
1 

Nl[ý1GG 
(Al 

MG AIVGM 

ý, 

Cý ý1N1 0.5 - 
0 

Pre-exposure- Mint-or-garlic-1 Mint-or-garlic-2 Post-exposure- identical 

identical Test Figure 
ii: 

Mean 
pLeft 

(intake from left bucket as a proportion of 
total food intake) 

and s. e. 
in the identical-choice 

and mint-or-garlic-choice 
tests. 

Horses 
were presented with one of 

the 
following 

choices 
(as indicated 

above bars): mint in both buckets (MM); 
garlic 

in both buckets (GG); 
mint 

in the 
right bucket and 

garlic 

in the 
left bucket (GM); mint in 
the 
left bucket and garlic 

in 
the 
right bucket(MG). *** - 

groups differ significantly 
P<o. 

ooi. 
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2.5.4: Number of switches between buckets (n-changes) 

Only one horse, Sa3, showed significant differences in n-changes between tests, 

(H3=11.75, P<0.01, Table 6) with a reduction in n-changes between pre- 

exposure-identical and mint-or-garlic-2. 

2.5.5: Latency to sample second bucket (latenc; 

There were significant differences between tests (F3, is. o9=3.94, P<0.05, Table 7) 

with a greater latency in mint-or-garlic-2 than in pre-exposure-identical 

(T=2.6819, P<0.05) or mint-or-garlic-1 (T=3.101, P<0.05, Fig 12) and a greater 

latency in post-exposure-identical than in pre-exposure-identical (T=3.0411, 

P<0.05) or mint-or-garlic-1(T=3.440, P<0.01). 

There were significant differences between horses (F6,12.31 8.19, P=0.001) with 

two horses (Cal and Fol) showing higher latencies over all tests. Latency was 

239 seconds ± 43 for Cal and 159 seconds ± 34 for Fol. The mean latency and 

s. e. for all horses was 94 seconds ± 10. Four individuals showed differences in 

latency between tests (Table 8). 

49 



r'. öd 
o Cd 

aý 
"ý ci 

.O 
Fr 
bA 

O 
ý 

O 
�'t3y "ý 

ýO 

ÖOý 

++ 
ý 

t: ko 
ý00 

"Ei Ü 
. 
v. .. r 

a as 
O 

a0i bp 

0 F' 'bA 
, F, vi bA 

IW4 .O c~d 

,z3 
bo Q) 

P-4 
:ýöö `° Lý, .ý; bA "d .ý 'ýi0 
Oo 

CA) 

ö 

U "ý 

cýd 

"a0i 0Ü 

Cu 
r-4 

OC 
rn O a. + ä+ 

O F, 
GO) c0 

4ý ö0 ;b v+3 

_ ".. "ý ý '., 
0 

°Q, ý 

c»» dq ,ý bC01., ý 
W 

"ý bA 0 "8 

Q4 "n91. " a) cý ''d 
ý , 

býA 
"' o 
c. 

ÄCk 
; El 

ý 

ö 
Cd aý co 

UUC. ) ;b tý 

V ~ir t~-i 0 
-. pß co 

V3 0 

! it * 
,. Q oA bio .G* 

x 

* ý 

ö 00 ý ý1 ý 
ÖMÖ 

ýMýý in if) 
c+i 

P1 
LO 

r-+ 

NMý ýý N dý fV e-+ 

ln "a, LIQ LCI 
cV I ý' '.. 

LP) 
ýT-, q ti C14 r-i 

ýn Ll! ýý 
c+) N (V fV ý ýt' 

I 

r' öýý °, ýý 

W 

C2 r-I ÖÖ 

ýU r4 w 

50 



Table 
7- 

Analysis 
of 

Variance Table 

for 
transformed-latency, 

using Adjusted SS for Tests 
as generated 

by Minitab 
12 

(1998)" Horse 
was a random 

factor. Horse 
were exposed 

to 
four different 
choice 

tests. 
Groups 

differed in 
order of presentation of choices. 

Each 

choice was presented 
for 6 

meals. 
x 

-the F-test is 
synthesised 

because it 
could not 

be 
calculated exactly 

in 
a mixed model 

Source DF Seq SS Adj SS Adj MS FP 

Group 1 0.1352 0.0399 0.0399 0.01 0.926 
x Horse(Group) 6 25.2554 25.6012 4.2669 8.19 0.001 
x 

Test 

3 7.1254 

6.7370 

2.2457 3.94 

0.025 
x Group*Test 3 4.3829 4.6127 1.5376 2.70 0.076 
x Test*Horse(Group) 18 10.1821 10.2784 0.5710 1.63 0.071 

Meal 5 2.0759 2.6162 0.5232 1.72 0.159 
x Group*Meal 5 1.2154 1.1166 0.2233 0.74 0.602 
x 

Meal*Horse(Group) 30 8.8307 9.0883 0.3029 0.86 0.669 
Test*Meal 15 5.9295 6.0514 0.4034 1.15 0.328 Group*Test*Meal 15 4.5387 4.5387 0.3026 0.86 0.608 Error 87 30.5617 30.5617 0.3513 

Total 188 100.2329 
Pre-exposure- Mint-or-garlic-1 Mint-or-garlic-2 

Post-exposure- 

identical 

identical 

Test 

Figure 

12: 

Mean 
time 

from 
the 

start of a meal until 
the 

start of 

the 
first 

bout in 
the 

second 
bucket (latency) 

and s. e. 
in 
the 

identical-choice 
and 

mint-or-garlic-choice 
tests. 

Horses 
were given a choice of: 

two 

buckets 
with 

the 

same 
flavour in 

pre-exposure- and 
post-exposure-identical; mint on one side and garlic on 
the 

other, 

in 

mint-or-garlic-i; these 
flavours in 

the 

opposite positions 
in 
mint-or-garlic-2. 
a, 
b: bars 

with 
different 
superscripts 

differ 
significantly at 

P<o. 
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2.6: Discussion 

2.6.1: Sampling assumption 

One assumption that was tested was that both options would be sampled. 

Immediately prior to the study, the animals had no experience of choice tests 

and in the pre-exposure, both buckets were sampled in every meal. Latencies of 

less than one minute in over two thirds of meals in the pre-exposure-identical 

and mint-or-garlic-1 tests suggest that both options are sampled, early in the 

meal. However, in the last two tests (mint-or-garlic-2 and post-exposure- 

identical) this value had reduced to less than one half of meals and latencies 

were significantly longer in mint-or-garlic-2 and post-exposure-identical than in 

pre-exposure-identical and mint-or-garlic-1. These results may suggest that 

horses changed their behaviour as they became familiar with the testing 

procedure. This may be due to the horses learning associations between side 

and flavour and therefore having less need to sample. Prache et al. (1998) have 

suggested that animals may learn about the locations of food sources in order to 

increase their chances of finding preferred food. This would also be useful 

within a choice test as it would allow them to spend more time with the 

preferred option and less time sampling the alternative. However, it would be 

undesirable if the relative positions of the flavours change as occurred between 

tests. 

Only 1 horse (Sa3) showed a difference in n-changes between tests, with few 

switches between buckets in the mint-or-garlic-choice tests. This would also be 

consistent with reduced sampling. The lack of difference in n-changes between 

tests for the other horses, is likely to be due to the low n-changes shown from 

the start by all but Bil. Bit appeared to be the exception in that he did not show 

a preference in any test and maintained a relatively high n-changes throughout. 

The low latencies in the first two tests suggest that horses will sample the 

options before making a choice and so the sampling assumption can be 
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accepted. However, subsequent results suggest caution when exposing the 

horse to different choices consecutively, as learnt associations between flavour 

and position may influence sampling in later tests. 

2.6.2: The 0.5: 0.5 assumption 

Simple choice tests are based on the assumption that where the animal has no 

preference, as might be expected if choices are identical, an animal will 

consume equal quantities of each choice in every meal (0.5: 0.5 assumption). 
Therefore, the mean and median preference from either bucket would be in the 

region of 0.5 (Hegsted et al., 1956) with an approximately normal distribution 

(Waterhouse and Fritsch, 1967). In the first test, they were presented with 
identical choices and preferences shown for the left bucket did not differ 

significantly from 0.5 for either group or any horse, suggesting that the horses 

did not have a preference for either side. In addition, the distribution did not 
differ significantly from the normal distribution for either group. This would 

suggest that the horses showed no positional bias and tended to sample both 

buckets equally within a meal. Therefore there is no evidence to reject the 0.5: 0.5 

assumption. 

In the post-exposure test, Group B again showed no significant preference, with 
data not differing from a normal distribution. However, for Group A, pLeft was 

significantly lower than 0.5, suggesting a positional bias for the right side, 
despite both buckets containing garlic. This shows that the assumptions do not 

always hold true and horses do not always consume equal quantities of each 

option, when they do not have a preference. 

Group A also showed a preference for the left bucket significantly lower than 

0.5, and hence a preference for the right bucket, when the right bucket 

contained mint in mint-or-garlic-1. However, they did not switch to the left 

bucket when it contained mint in mint-or-garlic-2. This is suggestive of a 

positional bias in favour of the right. The group did not show a positional bias 
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in pre-exposure-identical, therefore, the positional bias in later tests may have 

been a result of experience: in pre-exposure-identical and mint-or-garlic-1 they 

may have built an association between the flavour and its position on the right 

and this flavour-position association may have persisted and affected 

subsequent choices. Group B did not show a similar positional bias. They were 

not exposed to mint in the pre-exposure-identical and therefore had less 

opportunity to build associations between their preferred flavour and its 

position. 

When the pLeft data for different tests were compared for each individual in 

the Tukey's test, only 2 horses (Sa3 and Gil) showed a difference in preference 
for the left bucket between the mint-or-garlic-choice tests, with a preference for 

mint in both tests. Of those that showed a similar preference for the left bucket 

in both tests, 2 horses (Cal and Rol) had a preference significantly different to 

0.5 in mint-or-garlic-i, in favour of mint. Cal continued to show a preference 
for the right bucket in mint-or-garlic-2, despite it now containing garlic. Rol 

showed a reduced (but non-significant) preference for the left bucket in mint- 

or-garlic-2, which now contained garlic, in comparison to mint-or-garlic-l. The 

lack of change in preference by these horses is suggestive of a positional bias, 

towards the right for Cal and the left for Rol. The remaining 4 horses did not 

show a significant preference for flavour or side. In post-exposure-identical, 

two horses (Cal and Sa3) showed a pLeft differing from 0.5. Cal continued to 

show a preference for the right bucket as in both mint-or-garlic-choice tests. Sa3 

showed a preference for the right bucket, which had previously (in mint-or- 

garlic-2) been paired with mint, although both buckets now contained mint. 
Therefore, out of the 4 horses (Cal, Sa3, Gil and Rol) who showed a significant 

preference for one flavour in mint-or-garlic-l, 3 of these appeared to develop a 

positional bias in a later test (Cal and Rol in mint-or-garlic-2 and Sa3 in post- 

exposure-identical), suggesting that formation of associations between position 

and preferred flavour lead to positional bias. 
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2.6.3 : Ability to discriminate between the cue flavours 

Another important feature of a choice testing procedure is that the animals can 

discriminate between the options (Forbes and Kyriazakis, 1995). In this trial, the 

horses seemed to be able to distinguish between the two flavours as both 

groups showed a preference for the bucket containing mint in mint-or-garlic-1, 

with 4 individuals showing a significant preference for mint and no horses 

showing a preference for garlic. Group B also showed a preference for the 

bucket containing mint in mint-or-garlic-2. The reason for the greater preference 

for mint than garlic is not know, it may relate to the intrinsic palatability or may 

be influenced by previous experience, for example, mint may be more familiar 

or have positive learned associations as it is commonly incorporated into horse 

treats. 

2.6.4 : Individual's preferences 

In the pre-exposure-identical, all the horses responded to the identical choice by 

sampling the two options equally. However, when offered a choice between 

mint-or-garlic, individual differences were apparent with half of the horses 

showing a preference for mint. Individual differences were also apparent in 

mint-or-garlic with two horses appearing to develop a positional bias. These 

two horses (Cal and Rol) also showed the most notable differences between 

horses in pLeft overall. 

Individual differences were also apparent in sampling behaviour, with Cal 

showing a relatively high latency from mint-or-garlic-1 and Bil showing a high 

number of changes between options throughout testing. One horse (Rol), in 

contrast to the overall trend, showed a decrease in latency from pre-exposure- 
identical to mint-or-garlic-i. The reason for this was not clear. 

These results suggest that more horses may be required to allow for individual 

differences. Also further investigations are required to identify the importance 

of the differences in behaviour within a preference test. 
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2.6.5 : Partial preferences 

When offered a choice between two flavours in the mint-or-garlic-choice tests, 

no horse showed a mean preference in either test above 0.95 for one option and 

only 1 horse showed a mean preference above 0.90 in a test. This may suggests 

that an absolute preference for one flavour is uncommon. Similar partial 

preferences have been shown on many occasions in many animals e. g. cats 

(Hegsted et al., 1956), pigs (McLaughlin et al., 1998), ponies (Hawkes and 

Hintz, 1985), dogs (Houpt et al., 1978), rats (Posadasandrews and Roper, 1983). 

Possible reasons for partial preferences and changes in selection within a meal 

include: 

1. sensory specific satiety, where preference for a food declines as it is 

eaten, causing an alternative to be selected (Rogers and Blundell, 1991) 

2. continued sampling of alternatives may be adaptive in a natural 

environment, where the environment is constantly changing (van 

Wieren, 1996) 

3. maximisation of instantaneous intake rate (Roguet et al., 1998) as 

switching to a fuller bucket may allow more food to be consumed per 

bite 

2.7: Conclusion 

The results of the pre-exposure-identical test suggest that choice tests can be 

used to provide information on the feeding preferences of horses. However, the 

results of the other tests show that consideration must be given to previous 

experience and the length of test required, as extinction of previously learnt 

associations may be required. This study also suggests that further 

investigations of behaviour within preference testing and individual differences 

would provide useful information for the interpretation of choice tests. 
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Chanter 3: Ability to associate orosensory characteristics with 
post-ingestive consequences 

3.1: Introduction 

In the wild or a free-ranging situation, an animal's survival is partly dependent 

on its ability to select appropriate foodstuffs. Foods that will meet nutritional 

requirements must be consumed and those containing toxins must be avoided. 

As discussed in Chapter 1, learning mechanisms, which involve the association 

of flavour with consequences of ingestion, may help an animal to select a 

nutritionally adequate diet. The results reported in Chapter 2 suggest that 

horses may develop associations between flavours and their locations. 

However, doubt has been expressed about the potential for learning an 

association with post-ingestive consequences, due to the delay between feeding 

and the consequences of digestion and absorption (Hirsch, 1973). In addition, 

the lack of appropriate selection by animals has been found on certain 

occasions, when constraints within the environment or the animal itself, affect 

selection (Forbes and Kyriazakis, 1995). However, the ability to associate illness 

with foods ingested has been demonstrated in a range of species including 

horses (Houpt et al., 1990), rats (Garcia et al., 1972) and ruminants (Zahorik et 

al., 1990) and the ability to associate positive consequences of ingestion with 
foods has also been shown in some species e. g. lambs (Provenza et al., 1996), 

golden hamsters (DiBattista and Mercier, 1999) and rats (Myers and Hall, 1998). 

The ability to learn about the positive post-ingestive consequences of foods, 

such as an increase in nutrients, has not been demonstrated in the horse. 

The horse evolved as a grazer and so is adapted to eat large volumes of high 

fibre foods (Janis, 1976), with preferential selection of some forages over others 
(Archer, 1971; Dulphy et al., 1997). For example, higher acceptance of forages 

that are lower in cell wall content, has been shown (Dulphy et al., 1997). 
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Similarly, van Wieren (1996) demonstrated that, when provided with a choice 

of forages, over half the diet comprised plants that allowed a high rate of intake 

of digestible organic matter. Horses can also adapt to decreasing energy density 

of plants by increasing intake (Sneddon and Argenzio, 1998), showing that they 

can adapt their selection of foodstuffs in line with nutrient composition in the 

natural environment. However, in the diet of the domesticated horse, high fibre 

forages are often replaced by small volumes of quickly consumed, energy-dense 
foods, referred to as concentrates, e. g. Harris (1999); Frape (1998). Owen (1992) 

has suggested that when animals are presented with foods to which they have 

not adapted evolutionarily, their diet selection strategies may fail to sustain the 

animal's needs. Although the ability to learn the consequences of concentrate 

pellets has been demonstrated in lambs (Provenza et al., 1996), this may not be 

applicable to other species, due to differences in digestive physiology (Cassini, 

1994). For example, the results of rumen fermentation in the sheep may permit 
learning, which is not apparent through the stomach digestion and caecal 
fermentation of the horse. Laut et al. (1985) have shown that horses can 

respond to decreasing caloric density of a concentrate mix by increasing intake, 

but there have been no studies investigating a horse's ability to select 

concentrates with higher energy densities over those with lower ones. 

This study aimed to investigate the ability of the horse to associate flavour with 

energy content. This was carried out by determining each horse's preference for 

two distinct flavours and then, using an oral-simultaneous method of 

conditioning (as described by Sclafani 1995), pairing the flavours with either 
higher or lower energy and investigating the change in preference. In this 

study, total food intake was limited; therefore selection of the higher energy 
diet was necessary to meet energy requirements. If the horses associated the 

flavours with their consequences, it would be expected that those horses who 
had their preferred flavour associated with lower energy would shift their 

preference in favour of the higher energy and lesser preferred flavour, while 
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those horses who had their preferred flavour associated with the higher energy 

would maintain or increase their preference for that flavour. 

In addition this study aimed to investigate the persistence of any associations 
formed. 

3.2: Materials and methods 

3.2.1 : Animals and daily schedule 

The subjects were twelve adult crossbred geldings (Appendix A), aged between 

9 and 23 years, resident at De Montfort University Equestrian Centre and used 
in riding school activities. They were given weighed nets of haylage at 06: 30, 

12: 00 and 18: 00 hours. Concentrate feed was presented between 07: 00 and 08: 00 

hours and between 16: 00 and 17: 00 hours. On days when they were engaged in 

medium intensity exercise for two hours or more (on average five out of seven 
days and usually weekdays) they were also fed a meal between 12: 00 and 13: 00 

hours. The horses' body weights were monitored throughout the trial, using a 

weighbridge. 

3.2.2 : Diets 

Three diet formulations were used: a relatively low energy pellet (L - estimated 
D. E. - 9.3MJ/kg), a higher energy pellet (H - estimated D. E. - 11.3 MJ/kg) and 

a basal feed (B - estimated D. E. - 10.3MJ/kg) consisting of a mixture of one part 
H to one part L, (Appendix B). The diets contained the same core ingredients 

but different oil concentrations and the digestible energy values were estimated 
by the manufacturer. Mint and garlic (F. G. S. Mills, Leicestershire, UK) were 

used as flavour cues and approximately 15 mis of flavour were added as 

required, providing a difference which was clearly discernible to the human 

nose. Each choice also contained measured quantities of moistened mollassed 

chaff as described in Chapter 2. 
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3.2.3 : Preliminartmeasurements of intake rate 

In order to safeguard the wellbeing of the subjects from the risk of metabolic 
disturbances such as laminitis, it was desirable to control the total intake of the 

concentrate feed of the horses. Controlled amounts of haylage were provided to 

meet maintenance requirements with concentrate providing energy for 

additional workload. Prior to the study the horses were on consistent, 
individually formulated energy intakes, appropriate to the maintenance of 
body weight, for each individual, in exercise and the required type of ride. The 

energy intake from the previously fed concentrate ration was estimated from 

the manufacturer's analysis. This was used to allocate individual daily energy 

allowances. The weight of the higher energy pellets required to meet this was 

calculated for each horse and divided into 3 meals (meal weight). The midday 

meal was half the weight of the morning and evening feeds. This was to avoid 

the risk of adverse consequences, such as colic, occurring when the horses were 

next exercised. 

In order to estimate the time required by each horse to consume the allocated 

weight, they were fed an unflavoured meal of the basal feed at their individual 

meal weight. The time, from the bucket being placed in the stable until there 

was no food visible in the bucket, was recorded. This was repeated over six 

meals and used to calculate the rate of intake for each horse. A median value 

was used to assign each horse with a feeding time. During the first two days of 

preference testing the horses were allowed to feed for this amount of time. 

The food intake of each horse was monitored after every meal, by comparing 

actual intake to estimated requirements and the intake rate was also calculated 
for each meal. It was found that the feeding rate when fed a single meal did not 

correspond accurately to intake in a preference test. As during the first meal, 

energy intake as a percentage of energy required ranged from 75 to 145% with a 

mean and s. e. of 109.6% ± 6.5. Feeding time was subsequently adjusted 

according to the mean intake rate over the first two days of preference testing. 
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A median value of intake rate was used in the preliminary measures in order to 

exclude the influence of unusual values caused by the some horses showing 

reluctance to eat. However, this reluctance to eat was only shown in during the 

first few meal with the test diets and not in the preference tests. Therefore a 

mean value was used to allocate a feeding time for subsequent preference tests 

3.2.4: Preference testing 

The study was carried out in 6 stages, (See Table 9 and 'Choice Tests' section 

below). The feeding times were recalculated at the beginning of each stage, 

based on the mean intake rate during the previous stage. 

At each meal, each horse was presented with two identical black buckets (Fig. 

13), each containing equal weights of the relevant feed, one flavoured with mint 

(M) and the other with garlic (G). The weight of feed provided to the horse was 

kept the same for all stages. This caused a slight energy deficit when the horses 

were exposed to a choice between two basal feeds, but this was felt necessary, 

in order to be consistent between tests and to control energy intake during the 

use of the higher energy. This also may have provided a greater incentive to 

select for higher energy, when given a choice between higher and lower energy 

foods, which would be desirable for learning to occur. 

The horse was allowed to feed for its predetermined feeding time, before the 

buckets were removed and the feed remaining weighed. At each meal, the 

positions of the feeds were reversed. The flavours were always placed in the 

same buckets to prevent contamination of odour cues. 
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Table 

9- 

Summary 
of choices offered 

to the 
horses in 

Chapter 

3. Horses 

were exposed 
to 
a simple choice 

test 

for 
a pre-determined amount of 

time. M- 
mint 

flavouring; G- 
garlic flavouring; H- higher energy diet; L- lower energy diet; B- basal diet (i part higher energy pellets 

to 1 part lower energy pellets). Test Number Group A 
of meals 

Group B 
Choice 1 Choice 2 Choice I Choice 2 

Initial-iso-energetic 29 \1 BBMBB Higher-or-lower-I 29 1\1 L 11 M II L 
Iso-energetic-2 

10 MB 13 MBB Iso-energetic-3 40 \1 13 13 MB Higher-or-lower-2 
30 \1 11 I, ML fl Iso-energetic-4 30 M 13 1 11 M 11 

13 
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Figure 
13: 

A 

horse 

feeding during 
a choice 

test. 3.2.5: Choice 
tests a). 

Initial-iso-energetic 
The horses 

were presented with a choice 
between 

mint 
flavoured basal (M B) and garlic 

favoured basal feed (G B) 

so 

that the 

choices 

did 

not 

differ in 

nutrient 

content. 
The 

aim of 

this test 

was 

to 
identify 
the 

starting preference 
for 

the two 

cue 
flavours. 

This 
choice was 

to 

be 
repeated until a stable preference 

for 
all 

horses 
was attained 

(defined 

as: 
the 

intake 

of one 

bucket 

as a proportion of 
total 

intake 

exceeded 

0.6 in 4 

consecutive meals). 

After 11 days (29 
meals), 
11 

of 

the 
12 horses had 

reached 

this 

criterion, showing a preference 
for 

mint exceeding 

0.6 in 
at 

least 4 
consecutive meals. 

Over 

the 

29 
meals, 

the 
remaining 

horse 
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showed a mean proportional intake of mint (pMint) of 0.614 ± 0.518 (s. e. ). The 

time available for this trial was limited; therefore it was decided to move to the 

next choice at this point. The horses were ranked according to their 

proportional intake of mint (pMint) and divided into pairs from the two highest 

to the two lowest. One of each pair was randomly allocated to Group A and the 

other to Group B, to control for initial mint preferences between the two 

groups. 

bý Higher: or-lower-1 

Horses in Group A were then presented with a choice between a mint flavoured 

lower energy feed (M L) and a garlic flavoured higher energy feed (G H). 

Horses in Group B were presented with a choice between a garlic flavoured 

lower energy feed (G L) and a mint flavoured higher energy feed (M H). This 

was repeated for 29 meals, to be comparable in length to the Initial-iso-energetic 

test. 

The aim of this test was to investigate the change in preference for the cue 
flavours as one became more rewarding as it was paired with higher energy. It 

was expected that Group A would show a decrease in pMint and consequently 

an increase in preference for garlic, if they could associate the cue flavour with 

the consequence of greater energy. It was also expected that Group B would 

continue to show a preference for their preferred flavour of mint, which was 

paired with the higher energy. 

c) Iso : energetic-2; 

The iso-energetic basal choice test of MB or GB was then repeated for 10 meals. 
The results of Chapter 2 and previous tests in this trial suggest that 10 meals 

was sufficient for immediate changes due to palatability to be evident, without 

changes due to post-ingestive consequences. The aim of this test was to 

determine if preference for mint flavoured basal over garlic flavoured basal had 
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altered as a result of associations being formed between the cue flavours and 

energy densities during the previous test. 

d)_Iso: energetic-3 

There was a short break of approximately one week, during which the horses 

were fed unflavoured basal meals. Then the iso-energetic basal test was 

repeated for a further 40 meals. This longer period was used to investigate 

extinction of preference, i. e. to determine whether or not the horses would 

revert to preferences comparable to those shown in the initial-iso-energetic test. 

ejHigher: or_lower-2 

The pairings of energy and flavour were then crossed so horses in Group A 

were given the choice between a garlic flavoured lower energy feed (GL) and a 

mint flavoured higher energy feed (MH). Horses in Group B were given a 

choice between a mint flavoured lower energy feed (ML) or a garlic flavoured 

higher energy feed (GH). The choices were repeated to give 30 meals, to be 

comparable to the first two tests above. 

f)_Iso =energ. etic-4 

A final iso-energetic basal test then was repeated for 30 meals to complete the 

cross-over design and again, investigate the extinction of any learnt preferences. 

3.3: Data analysis 

The proportion of mint consumed in a meal (pMint) was calculated as weight of 

mint flavoured food eaten, divided by total weight of food eaten. Intake rate 

was calculated from the total weight eaten in the time allowed. The trial aimed 

to investigate changes in preference as a result of formation of associations 
between flavour and post-ingestive consequence, therefore the main analysis 

was carried out on the differences in pMint between tests and groups, but to 
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provide some additional information, intake rate and actual intake of mint 

flavoured food and garlic flavoured food were analysed. Statistical analysis was 

carried out using MINITAB 12.1 (Minitab Inc. 1998). 

3.3.1 : Initial preference 

A Wilcoxon's test was used to compare the overall mint preference (pMint) in 

the initial iso-energetic test, to the theoretical no preference of 0.5 (0.5-pMint), as 
described in Chapter 2. Wilcoxon's tests were also used to compare each 

individual's preference in the initial iso-energetic test to 0.5. 

Data from the initial-iso-energetic test were analysed using a two-way ANOVA 

with meal-number and horse as factors. 

3.3.2 : Trends across tests 

Kolmogorov-Smirnoff tests were used to compare each group's data in each test 

to a normal distribution. In many cases, pMint was not normally distributed. 

This was also the case for intake rate, intake of mint and intake of garlic. 

Transformations were attempted (e. g. natural log, square root, arcsine square 

root transformations) but proved unsuccessful in normalising the data. A 

suitable non-parametric test was not available but an ANOVA is said to be 

quite robust, when assumptions are not met, although caution is required in 

interpreting borderline results (Dytham, 1999). Therefore, ANOVAs were used 

to analyse the data. 

A repeated measures ANOVA was used to investigate pMint data, with horse 

as a random factor, group as a between horse factor and test as a within horse 

factor. A similar repeated measures ANOVA was used to investigate intake 

rate. Repeated measures ANOVAs were used to compare mint intake and garlic 

intake for each group, with flavour (mint or garlic) and test as between horse 

factors and horse as a random factor. 

67 



3.3.3 : Additional analysis 

For Higher-or-lower-1, t-tests were used to compare the groups' pMint data at 

each meal. This was carried out to determine at which point the groups 
differed. 

Repeated measures ANOVAs were also used to compare pMint, intake rate, 

garlic intake and mint intake for Iso-energetic-2 and the first ten meals of Iso- 

energetic-3, by group, to investigate the effect of the rest period between these 

tests. 

3.4: Results 

3.4.1: Initial preference 

Overall, the pMint data differed significantly from the theoretical no preference 

of 0.5 (median 0.5-pMint = -0.18, W343=11226, P<0.001), showing a greater intake 

of mint (mean ± s. e. pMint = 0.650 ± 0.128). The majority of horses (9 of 12) 

showed a preference for mint significantly greater than 0.5, (Table 10). 

There was a significant difference between meals 1-29 (P<0.01, F2s, 3os=2.38). The 

lowest preferences were seen during meals 1 and 2, (0.51 t 0.06 and 0.43 ± 0.07, 

respectively) and the highest during meals 19 and 20 (0.91 f 0.03 and 0.81 ± 0.05, 

respectively). There were also significant differences between horses (P<0.01, 

Fii, 3os=2.90), with Jal having the highest pMint (0.78 ± 0.04) and Bil having the 

lowest pMint (0.54 ± 0.03). 
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Table io - The median difference between preference for mint (pMint) and 
the theoretical no-preference value of o. 5 in initial-iso-energetic. 

Horses were given a choice between a mint flavoured diet and a garlic flavoured diet of 
the same nutrient content. The W statistic, N in test and significance from Wilcoxon's 

tests, carried out in Minitab 12.1 (1998) are shown. 
*- P<o. o5 ** - P<o. o1 *** - P<o. oo1 

Horse Median difference NW 

Bol -0.34 29 41 

Cf3 -0.08 28 73 

Rel -0.19 29 103 

Fol -0.18 28 98 

Bea 

Jal 

Wit 

But 

Rol 

jel 

Sal 

Bil 

-0.26 29 96.5 

-0.32 28 19.5 

*** 

** 

* 

* 

** 

**. 

-0.16 28 69.5 ** 

-0.19 29 69.5 *** 

-0.21 29 58 *** 

-0.06 29 127 P--0.052 

-0.13 29 146.5 P=0.127 

-0.03 28 146 P=0.198 

3.4.2 : Trends across tests 

The results showed an interaction between group and test for pMint, (Table 11) 

and between flavour and part for intake by Group A (Table 12) and Group B 

(Table 13). Minitab restricts multiple comparisons to fixed factors. Therefore to 

further investigate the interaction between test and part, ANOVAs followed by 

Tukey's pairwise comparisons were carried out, without horse as a factor. The 

changes in variables from one test to the next by each group are discussed 

below, under each test. 
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Table 

ii 

- Analysis 

of variance output 
for 

pMint, as generated 
by Minitab 12.1(1998) using adjusted 

SS. 

Horse 
was a random 
factor. Tests differed in 

the 

energy 
density 

of 
diets 
and 

their 

associated 
flavours. Groups 

differed in 
the 

order of presentation of 

flavours 

and energy densities. x 
-the F-test is 

synthesised 
because it 

could not 
be 

calculated exactly 
by Minitab in 

a mixed 
model 
Source DF Seq SS Adj SS Adj MS FP 

Group 1 0.925 

0.503 0.50264 1.34 0.273 

x Horse(Group) 10 4.002 3.741 0.37407 2.52 0.013 

x Test 5 7.555 7.016 1.40326 8.67 0.000 

x Group*Test 5 22.939 23.007 4.60145 28.43 0.000 

x Test*Horse(Group) 50 8.117 8.117 0.16233 2.07 0.000 

Error 1941 151.948 151.948 0.07828 Total 

2012 195.485 
Table 

12 
- Analysis 

of 

variance 

table 

comparing 

intake 

of 

flavours (mint 
and garlic) 

by 

Group A, 

as generated 
by Minitab 

12.1 
(1998). 

Horse 
was a random 

factor. Tests differed in 
the 

energy 
density 

associated with 

the flavours. x 
-the F-test is 
synthesised 

because it 
could not 

be 
calculated exactly 
by Minitab in 

a mixed 
model 
Source DF Seq SS Adj SS Adj MS FP 

horse 5 4.1831 2.6357 0.5271 0.17 0.959 

x 
flavour 1 32.0548 26.4024 26.4024 6.62 0.050 

x horse*flavour 5 19.1513 19.9732 3.9946 3.93 0.008 

x 
part 

5 10.1451 10.1643 2.0329 12.79 0.000 

x 

horse*part 25 3.9252 3.9517 0.1581 0.14 1.000 flavour*part 

5 

72.3252 70.5537 14.1107 12.23 0.000 

x 
horse*flavour*part 25 28.9886 28.9886 1.1595 3.93 0.000 Error 1921 567.2705 567.2705 0.2953 
Total 1992 738.0438 
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Table 
13 
- Analysis 
of variance 
table 

comparing 
intake 
of 
flavours (mint and garlic) 

by 

Group B, 
using adjusted 
SS. 

Horse 
was a random factor. Tests differed in the 

energy density associated with 
the flavours. 

x 
-the F-test is 

synthesised 
because it 

could not 
be 

calculated exactly in 
a mixed model Source DF Seq SS Adj SS Adj MS FP 

horse 
5 9.088 6.211 1.2421 2.81 0.352 

x 
flavour 

1 

4.296 6.091 6.0911 7.52 0.041 

x 
horse*flavour 5 5.129 4.049 0.8098 1.80 0.145 

x 
part 

5 7.912 7.911 1.5822 23.00 0.000 

x 
horse*part 25 1.720 1.720 0.0688 0.14 1.000 
flavour*part 5 74.408 74.401 14.8803 29.22 0.000 

x horse*flavour*part 

25 12.732 12.732 0.5093 3.45 0.000 

Error 
1966 290.012 290.012 0.1475 

Total 2037 405.298 Preference for mint was greatest when paired with 
higher 
energy 

for both groups 
(Higher-or-lower-2 

for Group A 

and 

Higher-or-lower-1 for Group B, Fig 
14). For Group A, 

pMint 
in Higher-or-lower-2 

was 
higher 

than 
in higher-or- 

lower-1 (T=9.415, P<0.001), iso-energetic-2 (T=5.169, P<0.001), 

iso-energetic-3 
(T=9.086, P<0.001), 

and 
iso-energetic-4 (T=8.19, P<0.001). For Group B, 

pMint 
in 

Higher-or-lower-1 
was 
higher 

than 

in 

initial-iso-energetic 

(T=3.504, 

P<0.05), iso- 

energetic-3 

(T=6.57, P<0.001), higher-or-lower-2 (T=13.28, P<0.001) 
and 

iso- 
energetic-4 

(T=10.05, P<0.001). 71 



pMint 
Group 

A 
Group B 0.5 0 
Initial-iso- Higher-or- ISOIso- Higher-or- Iso- energetic 
lower-1 
energetic-2 energetic-3 
lower-2 
energetic-4 

Test 

Figure 

14: 

Mean 

pMint 
(mint intake 

as a proportion of 

total 

food intake) 
and s. e. 

for 

each 

group 
in 

each 

test 
of 

Chapter 

3- 
A 

choice of mint or garlic, with no nutrient differences between 
choices, was presented during 

the iso-energetic 
tests. During Higher-or-lower-1, Group A 

were given a choice 
of mint with lower energy or garlic with higher energy and 
Group B 
was given a choice 

of mint with 
higher 

and garlic paired with 
lower 

energy. 
The 

choices were reversed 
for 
Higher-or-lower-2. *** - P<o. 

oo1 
groups 
differed 

In 

addition, 

pMint was 
lowest 

when mint was paired with 
lower 

energy 
for 
both 

groups 
(Higher-or-lower-1 for Group A 
and 
Higher-or-lower-2 for Group 

B). For Group A, 

pMint 

in Higher-or-lower-1 

was 

lower 
than 

in initial-iso- 
energetic 
(T=6.88, P<0.001) 

and 
higher-or-lower-2 (T=9.415, P<0.001). For 

Group B, 
pMint 

in 

Higher-or-lower-2 
was 

lower 

than 
in initial-iso-energetic (T=9.763, 
P<0.001), higher-or-lower-1 (T=13.28, 

P<0.001), iso-energetic-2 (T=6.463, P<0.001) 
and 

iso-energetic-3 (T=7.884, P<0.001). 72 



Multiple 
comparisons were not carried out 

for interactions between 

test 

and 

horses, 

as 

the 
horses 

seemed 

to 
follow fairly 

similar 
trends 
for 

changes 

in 

pMint 

(Fig 15 
and 

Fig 16), 
although 

Bol 
showed 
little 

change over 

the 
first 
three 

tests. 
pMnt 1 

Group A 

ý 

Bo1 

Cr3 
ýRe1 

Fol 

  

Be3 

" 

Jal 

0.5 

Initiad-iso- 

Figher-or- 

ISOISOHigher-or- Iso- 

energetic 

lower-1 

energetic-2 energetic-3 

laver-2 

energetic-4 

Test 

Figure 
15: 
Mean 
pMint 

(mint intake 
as a proportion of 
total 

food 

intake) and s. e. 
for each 
horse in Group A 

at each 
test 
of 

Chapter 
3. A 

choice of mint or garlic, with no nutritional 
differences 

was presented 
during 

the iso- energetic 
tests; 

mint with lower energy or garlic with higher energy during Higher-or- 
lower-i; 
mint with 
higher 

and garlic with 
lower 
energy was given 
during Higher-or- lower-2. 73 



pMnt 1 

0 

Group 

B 

+W2  Bul 

' 

Rol Jet Sal 
"a1 Initial-iso- 

l-6gher-or- ISO[so- Figher-or- 

ISO- 

energetic 

lower=-1 

energetic-2 

energetic-3 

lower-2 

energetic-4 

Test 
Figure 

16: 

Mean 

pMint 
(mint intake 

as a proportion of 
total 

food intake) and s. e. 

for 

each 

horse in Group B 

at each 
test 

of 

Chapter 

3. 
A 

choice of mint or garlic, with no nutrient differences between choices, was presented 
during 
the iso-energetic 

tests; 
mint with 
higher 
and garlic with 

lower 
energy 
during 

Higher-or-lower-i; and mint with lower 
energy or garlic with higher energy during 

Higher-or-lower-2. 
3.4.3: Higher-or-lower-1 
Group A (exposed 

to 

mint 

with 

lower 

and garlic with 

higher 
energy) showed a 

significant 
drop 

in 
mean mint 

intake from 

the 

initial 

test 

(by 0.60 kg 

± 

0.06, 

T=10.279, P<0.001 Table 14) 

and an 

increase in 
garlic 

intake (by 0.20 kg 
± 

0.06, 
T= 3.415, P<0.05), 

resulting 
in 

a significant 
decrease in 

pMint 
(by 0.21 

±0.03 T=6.88 

p<0.001). 
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Group B 

showed no significant change 

in 

mint 

intake but did 

show a reduction 
in 

garlic 
intake (difference 

of 
0.24kg 

± 
0.04, T=5.29, 
p<0.001). 

This led 

to 

an 
increase in 

pMint 

(by 0.11 
±0.03, 

T=3.504 P<0.05). There 

was a 

difference between 
the 
mean pMint 

of 
Group A (0.47 
± 

0.03) 
and 

Group B (0.73 

± 

0.02, T=8.469 
p<0.001) over 

the 

29 
meals. 

When 

the 

groups 
were compared at each meal, 

there 

were no significant 

differences in 

meals 

1 
to 

9, but Group A (0.34 
± 

0.15) differed from Group B (0.81 
± 
0.05) 

at meal 
10 

(T=3.02, P<0.05) 

and 

in 

several meals 

there-after 
(Fig 17). 
pMint 

1T 

0.5 T T-, II , f Group A 

-U- Group B 

-T- 13579 11 13 15 17 19 21 23 25 27 29 Meal Number Figure 
17: 

Mean 
pMint 

(mint intake 
as a proportion of 
total food intake) and s. e. at each meal of 

Higher-or-lower-i. Group 

A 
were given 

the 
choice of mint paired with 
lower 

energy or garlic paired with 
higher energy. 

Group B 
were given a choice of mint paired with higher energy or garlic paired with lower energy. Groups differed at: 

*- P<o. 
o5; 

** - P<o. 
oi; 

*** - P<o. 
ooi 
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3.4.4: Iso-energetic-2 and Iso-energetic-3: 

Following exposure to mint with the lower energy diet, Group A showed a 

significantly lower mint intake (difference ± s. e. d: 0.14kg ± 0.04 T= 3.39, P<0.05) 

and a lower pMint (0.14 ± 0.04, T=3.39, P<0.05) in Iso-energetic-2 than in the 

first test (Initial-iso-energetic). In Iso-energetic-3, they continued to show a lower 

pMint than in Initial-iso-energetic (difference ± s. e. d. 0.18 ± 0.03, T=6.32 

P<0.001). 

In contrast, Group B showed an increase in garlic intake from Initial-iso- 

energetic to Iso-energetic-2 (0.29kg ± 0.06, T=5.116, P<0.001), following 

exposure to garlic with the lower energy. In Iso-energetic-2, Group B showed a 
decrease in mint intake (0.28kg ± 0.05 T=7.353 P<0.001) from Initial-iso- 

energetic and from Iso-energetic-2 (0.31kg ± 0.07 T=4.600, P<0.001) and a lower 

pMint than in the Higher-or-lower-1 (0.18 ± 0.03, T=2.763 P<0.001). There were 

no difference between the mean pMints of Groups A (0.53 ± 0.04) and B (0.60 ± 

0.03) over the 10 meals of Iso-energetic-2 or over the 40 meals of Iso-energetic-3 

(mean ± s. e. of A and B respectively, 0.50 ± 0.02,0.54 ± 0.02). 

From Higher-or-lower-1 to Iso-energetic-2, both Group A and Group B showed 

an increase in intake rate of 0.032kg/min ± 0.009 (difference ± s. e. d., T=3.399 

P<0.05 Fig 18) and 0.056 ± 0.009 kg/min (T=5.966, P<0.001) respectively. Group 

B also showed a decrease in intake rate (by 0.07 ± 0.01, T=8.087, P<0.001) in Iso- 

energetic-3 from Iso-energetic-2. 

There were no significant differences between the ten meals of Iso-energetic-2 

and the first ten meals of Iso-energetic-3 in any measure of intake or preference. 
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Intake Rate 
0.35 

0.3 0.25 
0.2 
0.15 

0.1 0.05 

0 Initial H 
or 

L-1 ISO- Iso- energetic-2 energetic-3 Test H 
or 

L-2 MGroup A 
MGroup B 

Iso- energetic-4 
Figure 

18: 

Mean intake 

rate and s. e. 

in 

each 
test 

of 

Chapter 

3- 
A 

choice of mint 

or garlic, with no nutrient 
differences between choices, was presented 
during 
the 

iso-energetic 
tests. During 

H 
or 

L -i, 

Group 

A 
was given a choice of mint 
paired 

with lower energy or garlic with higher energy and 
Group B 

was given a choice of 
mint paired with 

higher and garlic paired with lower energy. 
The 

choices were reversed for Hor L-2. 3.4.5: Higher-or-lozner-2: 
Group A 

showed a preference 

for 

mint 

(Fig 19), 

which was paired with 

higher energy 
(pMint: 0.75 

± 

0.021), 
while 
Group B 

showed a preference 
for 

garlic and 
higher 

energy 

(pMint: 0.32 
± 
0.02). The difference between 

the 

groups was 
significant 

(difference 
of 

0.43 

± 

0.03 

T=14.29 P<0.001). 

Group A 
showed 

both 
a significant 

increase 

in 

mint 

intake (by 0.39kg 
± 

0.05 T=7.436 P<0.001) 

and a significant 

decrease 
in 

garlic 
intake from Iso-energetic-3 

(by 0.43kg 
± 

0.05 T=7.970 P<0.001). While Group B 
showed a 

decrease in 
mint 

intake (by 0.29kg 
± 
0.04 T=7.819 P<0.001) 

and 
increase in 
garlic 

intake (by 
0.32kg 

± 
0.04 T=8.632 P<0.001) from Iso-energetic-3. 
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pMint 

1 

0.5 E: l 
Group A 

Group 

B 

13579 11 

13 15 

17 19 

21 23 

25 

27 29 

Meal Number 
Figure 

19: 

Mean 

pMint 
(mint intake 

as a proportion of 

total 
food intake) 

and s. e. at each meal of 

Higher-or-lower-2. Group A 
were given 

the 
choice of mint paired with higher 
energy or garlic paired with lower energy. 
Group B 
were given a choice of mint paired with lower 

energy or garlic 
paired with higher energy. 3.4.6 

: 

Iso-ener 

eý 

nc-4: 

Following 
exposure 

to 
mint with 

the 

higher 
energy 

Group A 
were again 

exposed 
to 

a choice 
between 

the 

flavours 

at 

basal 

energy and showed a 

significant 
decrease in 

mint 
intake (0.4kg 

± 

0.06 T=7.116 P<0.001) 
and a 

significant 
increase in 

garlic 
intake (0.4kg 

± 
0.06 T=6.775 P<0.001). This 

caused a 

decrease 

in 

mint preference 
(0.26 

± 

0.31 T=8.19 P<0.001) from Higher-or-lower- 

2. Group B, 
exposed 

to 

a choice 
between 

the 

flavours with 
basal 

energy 

following 
exposure 
to 

garlic with 

the 

higher, 
showed a significant 

increase in mint 

intake (0.14kg 
± 

0.04 T=3.509 P<0.05) 

and a 

decrease 
in 

garlic 

(0.14kg 
± 

0.04 
T= 3.51 P<0.05). Consequently, 

there 

was no 
difference between Group A (0.50 

± 
0.03) 

and 

Group B (0.42 
±0.02). 
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3.5: Discussion 

3.5.1 : Evaluation of measures taken 

In this study several measures were considered. The data for intake rate 

suggested that there was a change during iso-energetic-2, as intake rate for both 

groups increased. This may have allowed the horses to maintain their rate of 

energy intake, as maximum energy density had decreased, necessitating an 

increase in intake rate of the available food in order to consume the same 

amount of energy. However, intake rate may be confounded by other factors 

(Kaplan et al., 1990), such as the amount of food in the bucket affecting bite- 

size. Also intake rate could not be measured accurately without the use of a 

load cell, to weigh the food as the horses fed. Therefore the results should be 

interpreted with caution. 

Investigation of the intake of each flavour allowed some indication of how the 

horses' responses changed from one test to another. For example, Group B 

showed no change in mint intake over the first two tests, but a decrease in garlic 

intake led to an increase in proportional mint preference (pMint). However, as 

the horses were given a restricted amount of time to eat, it is likely that they 

would continue to feed until the buckets were removed. Therefore the intake of 

garlic would always be linked to the intake of mint. In addition, data for actual 

intakes could be biased by greater requirements of larger animals (Waterhouse 

and Fritsch, 1967). Looking at intake of one flavour as a proportion of total 

intake would seem to be a more useful measure. 

3.5.2 : Initial Flavour Preferences 

The aim of this study was to investigate the horse's ability to associate two 

flavours with post-ingestive consequences. In order for this to occur, the horses 

must be able to discriminate between the flavours used. In the Initial-iso- 

energetic test, selection of mint over garlic was evident in the majority of meals, 
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with an overall preference for mint (pMint significantly different to 0.5) in nine 

of the twelve horses. This indicates that the horses had the ability to 

differentiate between the two flavours. Therefore these flavours in the 

concentrations given were suitable for use as cue flavours to aid differentiation 

between the higher and lower energy diets. 

Goatcher and Church (1970a) have suggested that proportional preference 
between 0.4 and 0.6 can be taken as no discrimination. In the first two meals 

average pMint of the horses fell between 0.4 and 0.6, with most subsequent 

meals above. 0.6. This lack of preference at the start of a test has been reported 

elsewhere e. g. Hegsted et al. (1956) found a significant difference between 

intake of option over days 4-6 but not days 1-3. Forbes and Kyriazakis (1995) 

reported that in a studied carried out by their colleagues random choices were 

made until the animals 'discovered' post-ingestive differences. If this random 

sampling is a common strategy, it would suggest that brief exposure or short- 

term tests do not reflect initial palatability as the horses require a couple of 

meals for sampling before a choice is made. 

3.5.3 : Abilihf to associate orosensoru characteristics with post-ingestive consequences 

If the horses could associate the flavours with energy density, it would be 

expected that they would show a preference for the flavour associated with the 

higher energy, if higher energy was more desirable. In this study, the total 

weight that could be consumed was limited, so in order to meet estimated 

energy requirements, the horses would have to consume the higher energy in 

preference to the lower energy. Both groups showed this preference for mint 

when paired with higher energy and Group B showed a preference for garlic 

when paired with higher energy. Although Group A did not show a preference 
for garlic when it was paired with higher energy, they did show a significant 
decrease in preference for mint. Both groups showed their highest preference 
for mint when it was paired with higher energy and their lowest preference for 

mint when it was paired with low energy. These results are consistent with the 
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horse's forming associations between the flavours and post-ingestive 

consequences and selecting the flavour associated with the higher energy. 

However, this may not be the only explanation. When formulating the diets, it 

is inevitable that other nutrients and the overall flavour and texture will be 

affected as energy density is altered. Therefore, it is possible that the orosensory 

characteristics (taste, smell, texture) of the higher energy pellets are more 

palatable than those of the lower energy pellets and that these immediate cues 

reinforce feeding. I. e. the horses may have shown a preference for the higher 

energy because its intrinsic flavour was more palatable irrespective of added 

flavours. If this was the case, a preference for the higher energy would be 

expected almost immediately. In contrast, it is unlikely that the nutrient content 

of a food can be determined prior to digestion (Illius and Gordon, 1993). 

Therefore, for the animal to select a diet based on nutritional composition, the 

animal would first have to sample and digest the food. Consequently, a change 

in preference based on post-ingestive consequences is not likely to be apparent 
for a number of meals. The delayed development of preference as seen in 

Group A during the higher-or-lower-energy-1, where preference was not 

evident until meal 10, would seem to be more consistent with a preference 

developing due to formation of associations between flavour post-ingestive 

consequences rather than a preference based solely on oro-sensory 

characteristics. 

It might be expected that if the preferences in the higher-or-lower-energy tests 

were due to the intrinsic flavour of the high energy feed, then a rapid return to 

the mint preference originally shown would be expected when both flavours 

were again presented, in an iso-energetic choice. The ten meals in Iso-energetic- 

2 may be sufficient exposure for the horses to change preference according to 

flavour but this is unlikely to be long enough for a change based on post- 

ingestive consequences, as it took ten meals before a shift was evident in 

Higher-or-lower-1. Group A did not show a return to mint preference in Iso- 
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energetic-2 but instead maintained a lower intake of mint and hence a lower 

pMint than was seen in the Initial-iso-energetic test. This is consistent with 

horses associating garlic with the higher and mint with the lower energy but 

would not be consistent with horses selecting, primarily, in response to 

immediate flavour cues in the higher or lower energy tests. 

In the second higher-or-lower energy test, the horses appeared to learn 

associations between the higher and lower energy diets more quickly, as the 

groups differed in pMint from the first meal. Since the higher and lower energy 

pellets may have had some intrinsic properties to allow discrimination between 

them, associations could be formed between the intrinsic characteristics of the 

diets as well as the flavour and consequences. This would allow the horses to 

identify more swiftly, the higher energy in Higher-or-lower-2. I. e. the intrinsic 

properties of the diets aided discrimination in the second higher-or-lower- 

energy test. 

3.5.4 : Persistence of preference 

The association between higher energy and garlic in higher-or-lower-1 

appeared to have a lasting effect with only a non-significant increase in mint 

preference over iso-energetic-2 and iso-energetic-3by Group A. However, there 

were no differences between groups in iso-energetic-2 and iso-energetic-3, 

which suggests that there may be another reason for the lack of significant 

change in preference by Group A. Group B showed a similar pMint in iso- 

energetic-2 to that shown in mint-or-garlic but that did not persist in Iso- 

energetic-3. Group A's preference for mint (paired with higher energy) in 

higher-or-lower-2 did not persist in iso-energetic-2. Group B did not show a 

change in pMint from higher-or-lower-2 but did show a decrease in intake of 

garlic and increase in intake of mint, suggesting that preference was changing. 

During the second iso-energetic exposure the horses may be applying a simple 

rule of selection, which encourages an individual to continue to prefer a food 

which is associated with increased energy intake until post-ingestive 
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consequences indicate that it is no-longer meeting requirements. This is 

consistent with the theory that when an animal is consuming sufficient 

nutrients, it is more likely to eat familiar than novel foods, whereas when 

nutrient intake is insufficient, it may increase selection of alternatives (Provenza 

et al., 1998). Thus, although a return to the initial preference was not seen in 

Iso-energetic-2, this may occur with a larger number of repetitions, since the 

change in post-ingestive consequences would be apparent. This is further 

supported by the finding that Group B showed a significant decrease in garlic 
intake in the longer (30 meal) basal period of Iso-energetic-4, following a period 

of exposure to garlic flavoured higher energy feed, during Higher-or-lower-2. 

Group A also showed a decrease in mint intake and preference in Iso-energetic- 

4, following exposure to mint flavoured higher energy food during Higher-or- 

lower-2. This indicates that both groups showed a decrease in intake of the food 

that had previously been associated with the higher energy, but was now 

paired with basal energy, and an increase in intake of the alternative. DiBattista 

and Mercier (1999) found similar results with hamsters, although the hamsters 

respond to the change in energy density of the foods after only four sessions. 

Despite these changes in preference, the horses did not show a preference for 

mint comparable to the initial preference, in other basal tests. One possible 

reason for this is a change in selection strategy. For example, to begin with in 

the initial test, due to the absence of nutritional differences, the horses may 
have selected on the basis of a different property such as previous experience or 
hedonics. In subsequent basal tests the horses may maintain preference for the 

food previously associated with higher energy, until the drop in energy 
becomes apparent. The deficit in energy resulting may cause a mild aversion, as 

suggested by Provenza (1996), causing a decrease in intake of this food and 

sampling of the alternative. In this case the alternative has no nutritional 

advantage, so a sampling strategy is adopted, where the horse samples the 

options in its environment until it encounters an option that allows greater 

energy intake. This agrees with foraging theory as reviewed by Pyke (1984), 
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who suggests that it would not be optimal to spend all the available time with 

one resource, but to distribute time to allow sampling of alternatives. The need 

to sample in a constantly changing environment has been highlighted by others 

(van Wieren, 1996; Roguet et al., 1998). This is relevant to the horse as its 

natural diet consists of a variety of plant species (Tyler, 1972) and the nutrient 

contents of these plants vary at different times of year. For example, the 

nutrient composition of grasses changes as they mature (Gill et al., 1989) and 
different species will mature at different times (Robson et al., 1989). Therefore, 

in order for a horse to maximise energy intake rate, it would have to change its 

selection throughout the year. In preference testing, repeated sampling of the 

alternatives may result in approximately equal preference for both options, as 

was found in Iso-energetic-3 and Iso-energetic 4. 

3.5.5: Effect of workload 

Whilst, during the first higher-or-lower test, Group A appeared to develop a 

preference for garlic flavoured with the higher energy around meal 10, a shift to 

lower energy, mint flavoured food was seen at meals 17,18 and 19. Group B's 

lowest intake of the higher energy food, in this case flavoured with mint, also 

occurred around this time. These meals occurred on days when the horses were 

not exercised and consequently energy requirements would have decreased. 

This was the only occasion where all the horses were rested for two consecutive 
days during the higher-or-lower energy tests. This rapid shift in preference was 

not expected but may have been an adaptive shift away from higher energy at 

times of lower energy needs and could be interpreted as providing further 

evidence for selection based on energy rather than flavour. Animals may limit 

intake to avoid toxicity or imbalances which may result from over-consumption 

of energy or nutrients (Forbes, 1999). Provenza (1995) has proposed that 

nutrient excesses cause aversions, due to the resultant malaise. In the horse, 

excess concentrate intake may increase the risk of metabolic disorders (Frape, 

1998) e. g. gut acidosis (Rowe et al 1994). Limiting energy intake might also 
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prevent inefficient expenditure of energy on the carriage of excess mass in body 

weight (Krebs and Davies, 1997). The horse, as a prey animal, relies on its 

ability to flee from predators. Excess body weight may reduce its ability to 

escape and so survive. Therefore, it seems likely that horses would have a 

mechanism to limit intake. 

3.6: Conclusions 

The results suggest that horses can select a higher energy diet over a lower 

energy diet and that horses can form associations between foods and their 

nutritional composition even if they do not resemble those found in their 

natural environment. Differences in flavour and texture of the higher and lower 

energy pellets may have led to selection of one over the over. However, the 

delay in appearance of preference for the higher energy, the shift away from 

higher energy in times of reduced need and the change in preference for the 

flavours in the basal diets, all suggest that choice is based at least in part on 

post-ingestive consequences. The results provide evidence that post-ingestive 

consequences influence diet selection and horses can change their preference for 

foods as their associated energy levels are altered. 
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Chanter 4: The effect of cue flavours on formation 
of flavour-consequence associations 

4.1 Introduction 

One aim of the previous experiment (Chapter 3) was to test the horses' ability to 

associate flavours and post-ingestive consequences. This was achieved by 

testing the horse's preference for two distinct flavours, then pairing them with 

either higher or lower energy diets and investigating the change in preference. 
Although the higher and lower energy diets were formulated to be similar in 

composition, it is inevitable that when the energy value of a diet is changed, 

other properties, which may include the orosensory characteristics (taste, smell, 

texture), will be affected. Therefore, it is possible that there were differences in 

the intrinsic flavours of the diets and the preference for the higher energy 
described in Chapter 3, may have been primarily based on the orosensory 

characteristics of the diet. In other words, the higher energy diet may have been 

intrinsically more palatable to the horses. It has been stated that palatability 

may confound selection, either in the natural environment or within 

experimental conditions, as the animal's choice may reflect palatability, rather 

than the property (i. e. energy density in this case) being studied (Ackroff and 
Sclafani, 1999). Therefore, it was thought necessary to investigate the horse's 

ability to differentiate between the higher and lower energy diets and to 

determine if the horses will show a preference for the higher energy in the 

absence of cue flavours. 

If the preference for higher energy, reported in Chapter 3, reflected the intrinsic 

palatability of the diets, a similar preference for the higher energy would be 

expected in a choice test where both the higher and the lower energy diets are 

presented unflavoured. However, if the horses' could not discriminate between 
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the diets, then a preference in the region of 0.5 for each diet, as described for the 

pre-exposure-identical test of Chapter 2, would be expected. 

In the experiment reported in Chapter 3, the diets were formulated to be as 

similar as possible, and it was assumed that the added cue flavours would 

predominate and that any differences that did exist between the diets would be 

masked by the added flavours (masking-assumption). If this was the case, then 

the horses would not be able to discriminate between the diets with the same 

flavour added to both and proportional preference would be in the region of 

0.5. 

Therefore, in order to investigate the horse's ability to differentiate between the 

diets, simple preference tests were carried out to investigate the horse's 

preference for the higher energy diet in comparison to the lower energy diet 

when neither was flavoured. In addition, to investigate the degree of masking 

of intrinsic properties by the cue flavours when the same flavour was added to 

both, simple preference tests were carried out to investigate the horse's 

preference for the higher energy diet in comparison to the lower energy diet. 

4.2: Materials and methods 

4.2.1 : Animals and Housing 

The subjects were seven adult geldings and six adult mares of mixed breeding, 

aged between 5 and 16 years, resident at De Montfort University Equestrian 

Centre and used in riding school activities (Appendix A). Prior to the study, no 

horse had been exposed to a choice test for at least 6 months. Only one horse 

had experienced the higher and lower energy diets previously. Testing was 

carried out in four blocks, as horses became available. Due to other 

commitments of the horses, such as use in other studies, the daily routine of the 

horses differed between blocks, but in every block, testing was only carried out 

on week-days). 
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Block 1 (27th June -12th July): Five mares were brought in from pasture, between 

08: 00 and 09: 00, and stabled in individual stalls for approximately half an hour 

before testing. Following testing they were returned to pasture. 

Block 2 (8th August - 24th August): Two mares and one gelding were brought in 

from pasture between 08: 00 and 09: 00 and stabled in individual stalls. They 

were exposed to the choice test between 10: 00 and 11: 00 and were provided 

with hay at approximately 12: 00. They were returned to pasture between 16: 00 

and 17: 00. 

Block 3 (25th August - 13th September) One mare and one gelding were brought 

in from pasture between 08: 00 and 09: 00 and stabled in individual stalls. They 

were exposed to the choice test between 10: 00 and 11: 00 and were provided 

with hay at approximately 12: 00. They were returned to pasture between 16: 00 

and 17: 00. 

Block 4 (8th September - 25th September): Six geldings were brought in from 

pasture between 08: 00 and 09: 00 and stabled in individual stalls. They were 

given approximately 1 hour of medium intensity exercise (usually roadwork), 

then tested between 11: 30 and 12: 30, before being returned to pasture. 

4.2.2: Diet 

Horses were fed according to individual energy requirements. As the exact 

nutrient requirements and nutrient intake through grazing, of each individual 

horse could not be determined, the Equine Centre's manager (Amy Richardson) 

estimated requirements using her knowledge of the individual's feeding 

history, condition, weight and exercise. Two diet formulations were used, a 

relatively low energy pellet (L - estimated D. E. - 9.3MJ/kg), and a higher 

energy pellet (H - estimated D. E. - 11.3 MJ/kg). The diets were produced using 

the same formula as in Chapter 3. The higher and lower energy diets were 

similar in composition but with additional oil in the higher energy pellets, 
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(Appendix B). Dried Mint, (Dodson and Horrell, Ketterring, UK) was used as a 

cue flavour, at a concentration of 15 mis per meal, as described in Chapter 3. 

4.2.3 : Choice Tests 

Horses were exposed to one of two treatments within a block: 

aý No-flavour test 

Horses were presented with identical buckets, one containing the higher 

energy diet with no flavour added. The second bucket contained the lower 

energy diet, also with no flavour added. The test was repeated for 12 meals 

with the position of the diets reversed for every successive meal. 

b) Same-flavour test: 

Horses were presented with identical buckets, one containing the higher energy 
diet with mint as a cue flavour. The second bucket contained the lower energy 

diet, also with mint added. The test was repeated for 12 meals with the position 

of the diets reversed for every successive meal. 

Based on previous trials, reported in Chapters 2 and 3, twelve meals was 

thought to be an adequate number of repetitions to show a preference based on 

orosensory characteristics. 

Approximately equal numbers (± 1) of horses were exposed to each treatment 

within a testing block. Over the course of the trial, treatments were balanced for 

the sex of the horse. Three horses were available for a longer testing period so 

were exposed to both treatments. These horses were one mare, tested in blocks 

1 and 2 and one mare and one gelding, tested in blocks 2 and 3 (See Appendix 

A). 

Due to time constraints, intake rate could not be estimated by preliminary 
feeding of a single meal, as in Chapter 2 and 3. However, in previous studies, 
intake rate in a single meal did not correspond to intake in a preference test, so 
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that the times allocated for preference testing had to be adjusted after a few 

meals (See Chapter 3). Therefore, in the first meal, the buckets were removed 

when approximately half the food had been consumed (determined through 

visual monitoring. As a result, horses received 87.11% ± 5.19 (mean ± s. e. ) of 

energy requirements in the first meal). The time from the buckets being placed 
in the stables until the removal was noted and an intake rate calculated. This 

was then used to calculate the time required by each individual to consume the 

weight of the higher energy necessary to meet its estimated energy 

requirement. On subsequent meals, the horses were allowed to feed for this 

time before the buckets were removed and the remaining contents weighed. 

4.3: Data Analysis 

Preference for the higher energy diet was calculated from the intake of the 

higher energy diet, as a proportion of total intake within a meal, (pHigh). The 

deviation of the actual preference from the expected value of 0.5 was calculated 
by subtracting pHigh from 0.5 (0.5-pHigh). 

The data were analysed using MINITAB 12.1 (Minitab Inc. 1998). In order to 

determine the ability of the horse's to discriminate, Wilcoxon's rank analyses, as 
described in Chapter 2, were used to test the null hypothesis that there were no 
differences between the actual preferences and the no-preference value of 0.5. 

This was carried out for each test and also for each individual. 

Kolmogorov-Smirnoff tests (Dytham, 1999) were used to test for normality for 

each test. It was expected that if the horses could not discriminate and sampled 

each option relatively equally within a meal, data would approximate to a 

normal distribution (Hegsted et al., 1956). 

The data for the same-flavour test differed significantly from the normal 
distribution, therefore arcsine square-root transformation of pHigh for both 

treatments was carried out. Transformed pHigh data did not differ significantly 
from a normal distribution (P>0.15 in the no-flavour test, P>0.05 in the same- 
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flavour test). A general linear model ANOVA was used to investigate treatment 

and block effects and a second ANOVA was used to investigate treatment and 

sex effects. 

Two way ANOVAs were also used to compare horses and meals for each test, 

followed by Tukey's pairwise comparisons. 

In addition, T-tests were used to investigate the effect of treatment on 

preference for the higher energy (transformed pHigh data), for each of the three 

horses who were exposed to both treatments. 

T-tests were carried out using transformed pHigh data to compare preference 

when the higher energy was placed on the right with preference when it was 

placed on the left. 

4.4: Results 

In the no-flavour test, where the horses were given a choice of unflavoured 
higher energy pellets (H) or unflavoured lower energy pellets (L) over twelve 

meals, overall pHigh was significantly higher than 0.5 (median 0.5-pHigh of - 
0.05, W96=1779, P<0.05) with 3 individuals showing a preference significantly 
different to the theoretical no-preference of O. S. Of these one showed a 

preference for the lower energy and two showed a preference for the higher 

energy (Table 15). In the same-flavour test, where the horses were given a 

choice of mint flavoured higher energy pellets (M H) or mint flavoured lower 

energy pellets (M L), overall pHigh did not differ from 0.5 (median 0.5-pHigh of 

-0.02, W95=2308, P<0.05) and no horse showed a preference significantly 
different to 0.5. 

Preference data (pHigh) differed significantly from a normal distribution in the 

same-flavour test (P<0.05, Fig 20) but not in the no-flavour test (P>0.15 Fig 21). 
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Table 15 - The median of o. 5-pHigh (the intake of the higher energy diet as 

a proportion of total intake, subtracted from the theoretical no-preference 

value of 0.5), in the no-flavour and same-flavour tests. 
The W-statistic from a Wilcoxon's test as generated by Minitab 12.1 (1998) is given. In 

the no-flavour test, the horses were given a choice of a higher or lower energy diet, both 

unflavoured. In the same-flavour test, both diets were flavoured with mint. A'#' after 
the name denotes a horse that had previously been exposed to the other test. Blocks 

differed in daily management (see text for details). A negative median denotes a 

preference above 0.5 for the higher energy while a positive median denotes a preference 

above 0.5 for the lower energy. M- mare; G- gelding; *- P<o. o5; ** - P<o. o1 

No-flavour Test Same-flavour Test 

I 

Horse Sex Block 

Bat M1 

Dal M1 

Dot M2 

Wet #M2 

Ba3 #G3 

Cr1 G4 

Ott G4 

Bit G4 

Median Wit 

-0.035 41 

-0.255 20 

0.18 64.5 * 

-0.165 18 

0.005 38 

-0.04 32 

-0.175 10.5 * 

-0.135 0 ** 

Horse Sex Block 

We1 

Bel 

Hol 

M1 

M1 

M1 

Ba3 G2 

Do1 #M 

I Sul 

Wi2 

Jot 

3 

G4 

G4 

G4 

Median W� 

-0.11 31 

0.025 48 

0.135 61 

-0.115 33.5 

0.205 50.5 

0 12 

-0.045 32 

-0.24 18.5 
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Figure 2o: The distribution of pHigh data (intake of the higher energy diet 

as a proportion of total intake within a meal) in the no-flavour test. 

A normal curve as generated by Minitab 12.1 (Minitab Inc. 1998) is shown. Eight horses 

were given a choice of unflavoured higher energy or unflavoured lower energy, repeated 

for a total of 12 meals each. 
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Figure 21: The distribution of pHigh data (intake of the higher energy diet 

as a proportion of total intake within a meal) in the same-flavour test. 

A normal curve as generated by Minitab 12.1 (Minitab Inc. 1998) is shown. Eight horses 

were given a choice of unflavoured higher energy or unflavoured lower energy, repeated 
for a total of 12 meals each. 
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Preference for 
the 

high 

energy 
did 

not 

differ between 
tests 

or 

between blocks 
and 

there 

was no 
interaction 

between 
test 

and 
block (Table 16). Mares 
showed a 

significantly 

lower 

preference for 

the 
higher 

energy 

diet (0.499 
± 

0.26, 

F1,183=5.64, P<0.05) 
than 

geldings 
(0.548 

± 
0.234), but 
there 

was no 
interaction 

between 
sex and 

treatment 

(F1,188=0.01) Table 

i6 

- Analysis 

of variance 

table 

for 

transformed 
pHigh, comparing 

the no-flavour and same-flavour 

tests 

and 

the 
interaction between 

test 

and block. 

In the 
no-flavour 

test 
horses were exposed 

to 
a choice between 

an unflavoured higher energy 
diet and an unflavoured lower energy diet. 

In the 
same-flavour 

test, 
both 

the higher and 
lower energy diets were flavoured with mint. 

Blocks differed in the 
daily 
management of 
the 

horses (see text for further details) 

Source 

DF 

Seq SS Adj SS Adj MS FP Test 

1 

0.17158 0.12717 0.12717 1.74 0.189 Block 3 0.43675 0.37492 0.12497 1.71 0.166 Test" Block 3 0.09845 0.09845 0.03282 0.45 0.718 Error 184 13.43143 13.43143 0.073 Total 191 14.13821 

In the 
no-flavour 

test, horses differed in 
pHigh, 
(F7,77=2.31, P<0.05, Fig 22) with 

Otl showing a higher 
pHigh 

than 
Dot (by 0.30 
± 

0.090, T=3.299, P<0.05). 

In the 
same-flavour test, there 
were 

no 
differences between horses (F7,77=0.83, Fig 23) or meals 
(F11,77=1.66). 
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Figure 22: Mean ± s. e. pHigh (intake of higher energy diet as a proportion 

of total intake) for each individual in the no-flavour test. 

Horses were given a choice between a higher energy and a lower energy diet. Both diets 

were flavoured with mint. A'#' after the name denotes a horse that had previously been 

exposed to the no-flavour test 

a, b- pHigh for horses with different superscripts, differ significantly P<o. o5) 
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pHigh 

1 

0.5+ I 
We 

Be 

I Ho 
I I Ba Dot Su Wi Jo Horse Figure 

23: 
Mean 

± s. c. pHigh 
(intake 

of 
higher energy 

diet 
as a proportion 
of 

total 
intake) for each individual in the 
same-flavour 

test. 
Horses 
were given a choice 

between 
a 
higher 

energy and a 
lower 

energy 
diet. 
Both 

diets were 
flavoured 
with mint. 

A `#' 
after 

the 
name 

denotes 
a 
horse 

that 

had 
previously 
been 

exposed 

to the 

no-flavour 

test 

The 
three 

horses 
that 
were exposed 

to 
both 

treatments 
did 

not show a 
difference 

in 
preference 

between 
treatments. 

Only 
one 

horse (Dol) 
showed a 

difference 
in 

preference when 

the 
bucket containing 

the 

higher 
energy was placed on 
the 

right side of 

the 

experimenter 

when entering 

the 
loose box (0.757 

± 
0.088), from 

preference when 
it 

was placed on 

the 

left (0.51 

± 

0.045 T=2.51 P<0.05). 

This 

was 

during her first 

exposure 
to the 

preference 
testing 

procedure, when 

she was exposed 

to the 

no-flavour 

test. 
When 

she was subsequently exposed 
to the 

same-flavour 
test, there 

was no such 
difference 

in 

preference. 
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4.5: Discussion 

4.5.1 : Ability to differentiate between higher and lower energy diets iets 

When formulating diets of differing energy density, it is inevitable that other 

nutrients and the overall flavour and texture will be affected. This means that it 

is often difficult to determine whether an animal's preference for foods relates 

to the hedonic properties of the food or the nutrient composition, (Weingarten 

and Watson, 1982). The diets used in this study were formulated to be 

sufficiently different in composition to produce distinguishing post-ingestive 

consequences, but still be similar in orosensory characteristics. If the horses 

could not discriminate between them through flavour and texture, it is likely 

that they would show a proportional preference in the region of 0.5 for each 
bucket, as discussed in Chapter 2. In this study when the two diets were 

presented as a choice, with no flavouring, overall preference differed from 0.5, 

with a significant preference for the higher energy, although only 2 individuals 

showed a preference for the higher energy and 1 individual showed a 

preference for the low energy diet. This suggests that there were some 
differences in orosensory characteristics allowing discrimination between the 

diets. However, not all horses appeared to discriminate and there were 

significant differences between horses in the no-flavour test. It may be that they 

did not have the ability to discriminate or that they did not prefer one option 

over the other. 

Overall preference for the higher energy in the no-flavour test did not differ 

from overall preference in the same-flavour test and the horses that were 

exposed to both tests did not show significant differences between tests. This in 

spite of a significant preference (pHigh differing from 0.5) being shown in the 

no-flavour test but not in the same-flavour test, both overall and for one 
individual (Dol). This is probably due to the strength of preference shown 
being relatively weak as preference did not exceed 0.7 for any option by any 
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horse. Goatcher and Church (1970a) have suggest that preference in the range 

0.8-1.0 for one option should be taken as a strong preference. Therefore, any 
differences between the diets do not appear to result in a strong preference for 

one over the other. 

4.5.2: Masking assumption 

In the same-flavour test, when mint was added to both diets, no horse showed a 

preference significantly different to the no-preference value of 0.5, suggesting 

that they could not distinguish between them. This is in contrast to the no- 
flavour test, in which 3 horses discriminated between diets. One horse (Dol) 

who discriminated in the no-flavour test, was then exposed to the same-flavour 

test and did not discriminate. These results suggest that, whilst there may be 

some orosensory characteristics that allow some horses to discriminate between 

diets, these may be masked by addition of the cue flavour of mint. 

Mint was chosen in this experiment, as it seemed to be the weaker of the two 

flavours used in Chapter 3, therefore, if mint masks the intrinsic characteristics 

of the higher and lower energy diets, it seems likely that garlic would also mask 

the intrinsic characteristics. This would suggest that the preferences shown in 

the higher-or-lower tests of Chapter 3 were based on the added cue flavours 

and learnt associations with post-ingestive consequences. 

4.5.3: Other factors which may affect choice 

Although there were no significant differences between blocks, the two horses 

that showed a preference for the unflavoured higher energy diet (Ot1 and Bil) 

were tested in block 4. The horses in this block were exercised before choice 

testing, which may have had an influence on their physiological state at testing 

time. Cabanac (1971) has suggested that the pleasantness of sensations changes 

according to an animal's needs. Giza and Scott (1983) have shown that 

gustatory responsiveness is affected by blood glucose levels, with rats 

responding less to taste stimuli while blood glucose was elevated, following a 
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glucose injection. Therefore, a difference in metabolic state as a result of exercise 

may have increased the sensitivity of the horses to the differences in the 

intrinsic orosensory properties of the diets of differing energy levels. Tremblay 

and Drapeau (1999) have found changes in macronutrient selection with 

exercise. The main difference between the higher and lower energy diets used 

in this trial was in lipid content, which may be indicated by a change in texture 

(Rolls, 2000). The two horses may have been more sensitive to the differences 

between diets as a result of exercise, and may have been able to identify the 

higher fat content of the higher energy diet, potentially through generalisation 

of textural cues associated with post-ingestive consequences, formed prior to 

the study. I. e. prior to the study they may have been exposed to textural 

qualities specific to fats and developed some associations between fats and 

energy. The possibility that exercise causes changes, which may affect 
discrimination and choice, opens further avenues for future research. 

For example: 

> The ability of the horse to identify and select macronutrients; 

The gustatory responsiveness of the horse following different intensities of 

exercise; 

4 The ability of the horse to associate post-ingestive consequences with 

orosensory characteristics in different metabolic states, i. e. do they learn 

faster if choice tests follow periods of deprivation, than when choice tests 

are presented following satiation. 

One of the horses that showed a preference for the unflavoured higher energy 
diet (Bil), had previous experience of the test diets as he took part in the trial 
described in Chapter 3. Although, this was over a year before the start of this 

trial, it is possible that he had built some associations between the intrinsic 

properties of the test diets and their post-ingestive consequences, which aided 
discrimination in this trial. 
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There appeared to be a difference between sexes in this trial. This may be 

worthy of further investigation, although it could be a result of individual 

differences or differences in daily management, as none of the mares were 

exercised, whereas most geldings were. 

4.5.4: Selection behaviour 

If the horses did not discriminate between diets and consequently showed no 

preference, it might be expected that preference data would follow a normal 

distribution (Hegsted et al., 1956), as shown in the pre-exposure-identical test 

of Chapter 2. However, in the same-flavour test of this trial, data differed 

significantly from the normal distribution, and a bimodal distribution was 

apparent. This reflects a tendency for horses to select one bucket within a meal, 

as opposed to alternating feeding bouts between the two. Only one horse 

showed a difference in pHigh according to the position of the higher energy 

diet, suggesting that the choice of bucket was random in most cases. This gives 

further support to the conclusion of Chapter 2, that the results of a single meal 

do not reliably predict preference. 

The horse that showed a positional bias in the same-flavour test, did not show a 
bias in the no-flavour test but showed a preference for the lower energy. This 

might suggest that for this horse, the properties of the options were more 
important than the factors that resulted in the positional bias only when mint 

masked the differences between the diets. The reason for the positional bias not 
known. The preferred side (the horse's left) was the side nearest to water and a 

neighbouring conspecific. It was also the more open side, as the stable wall was 

to the right. 

4.6: Conclusions 

This trial suggests that there may have been some orosensory differences but 

not all horses showed a preference for one over the other. This may be due to 
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lack of preference or lack of ability to discriminate. If the horses do not have the 

ability to discriminate, then additional discriminatory cue flavours would be 

needed to investigate any situations in which the horse may select the lower 

energy diet over the higher. 

Cue flavours appeared to mask any intrinsic orosensory characteristics and 

prevent discrimination. This would suggest that in Chapter 3, the preferences 

shown were based on the cue flavours and the associations formed concerning 

the postingestive consequences. The results also lend support to the oral- 

simultaneous method of flavour conditioning (as described by Sclafani (1995) 

which has been criticised due to the confounding influence of palatability 
(Weingarten and Watson, 1982). This means that conditioned flavour 

preferences can be studied without the use of invasive methods, such as those 

requiring nutrient infusion, bypassing the oral cavity e. g. Sclafani et al., (1996); 

Azzara and Sclafani (1998); Perez et al., (1999). The use of an oral-simultaneous 

method also allows comparison to the normal feeding situation, where flavours 

and nutrients are combined in the foods consumed. 
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Chapter 5: Effect of exercise on selection between 
iso-energetic options 

5.1: Introduction 

Diet selection is affected, not only by the nutrient composition of foods, but also 

their availability and the cost required to obtain them, (Sunday et al., 1983; 

Logue, 1991; Hanley, 1992; Krebs and Davies, 1997). When engaging in feeding 

behaviour, such as seeking, acquiring, sampling and consuming foods, animals 

must make decisions based on several factors (McNamara and Houston, 1986). 

Such decisions may relate to: the predicted energy expenditure of performing 

such behaviours, (Stephens and Krebs, 1986; Krebs and Davies, 1997; Roguet et 

al., 1998); the predation risk involved, (Mangel and Clark, 1986; Krebs and 

Davies, 1997; Roguet et al., 1998); and the time required to complete feeding 

behaviours, (Owen-Smith and Novellie, 1982; Stephens and Krebs, 1986; 

Hanley, 1992; Roguet et al., 1998; Bergman et al., 2001). The decisions they 

make are likely to reflect the nutrients required, (Owen-Smith and Novellie, 

1982; van Wieren, 1996; Roguet et al., 1998) and their physiological state, (Pyke, 

1984; Mangel and Clark, 1986; McNamara and Houston, 1986). This may lead to 

variability in the foods consumed, (Newman et al., 1994; Provenza et al., 1998; 

Villalba and Provenza, 1999) and the behaviours leading to their acquisition. 
For example, Richards (1983) has suggested that animals might change their 

selection as they reach satiety by increasing their range of acceptable foodstuffs. 

This may result in the exploitation of a relatively low value food, in order to 

conserve time and energy, which may otherwise be spent searching for a food 

of higher value, (Pyke, 1984). Alternatively a change in physiological state, such 

as a nutrient deficiency, may result in the use of patches with a higher risk of 

predation, (Mangel and Clark, 1986). Others have suggested that a hungry 

animal should expand its selection by consuming a wider range of foodstuffs, 

(Edwards et al., 1994; Newman et al., 1994; Provenza et al., 1998). On the other 
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hand, an animal who is not suffering from any deficiency should only consume 
foods, previously consumed with no averse affects, (Provenza et al., 1998). 

It seems likely that animals can adapt their behaviour to allow them to respond 

to metabolic challenges caused by changing situations in their environment, 

such as scarcity of foods resulting from seasonal variations. Owen-Smith (1994), 

found that kudus (Tragelaphus strepsiceros) expand their selection during winter 

as availability of plants changed, with more 'unpalatable' plant species being 

consumed in winter. Adaptations of feeding behaviour have also been seen in 

the experimental situation, as demonstrated by studies of feeding behaviour 

following periods of fasting or restricted feeding, (Chacon and Stobbs, 1977; 

Jung and Koong, 1985; Edwards et al., 1994). Edwards et al. (1994) found that 

fasted sheep were more likely to feed from 'bad' patches, which contained a 
higher percentage of a less preferred food. Intake has also been shown to 

increase following fasting (Chacon and Stobbs, 1977; Jung and Koong, 1985). 

Domesticated horses are often placed under metabolic challenges as a result of 

the exercise routines imposed through riding and driving activities. These 

exercise routines are likely to cause changes in plasma variables during exercise 
(Essen-Gustavsson et al., 1991; Rodiek et al., 1991; Danielsen et al., 1995; 

Lawrence et al., 1995; Stull and Rodeik, 1995; Pagan and Harris, 1999). For 

example, plasma protein has been shown to increase during exercise (Danielsen 

et al., 1995; Pagan, 1999) as have free fatty acids (Essen-Gustavsson et al., 
1991), and cortisol (Rodiek et al., 1991; Pagan, 1999). 

The extent of these changes is affected by factors such as time of feeding 

(Lawrence et al., 1995; Stull and Rodeik, 1995; Pagan and Harris, 1999) and the 

type of food consumed before exercise, (Danielsen et al., 1995), as well as the 

level of exercise (Essen-Gustavsson et al., 1991; Rodiek et al., 1991; Stull and 

Rodeik, 1995; Pagan and Harris, 1999). For example, Lucke and Hall (1978) 

found that, following a 50-mile endurance ride, blood glucose levels had 

dropped and plasma free fatty acids had risen. While Pagan and Harris (1999) 
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found that glucose remained steady during a competition exercise test 

(designed to simulate the speed and endurance phase of a 3-day event) if the 

horse was fasted prior to exercise. It is possible that these changes in metabolic 

state during exercise and recovery lead to modifications in feeding behaviour 

and in the food consumed during exercise, as many of the variables altered 

during exercise have been implicated in the control of feeding. A transient fall 

in blood glucose, for example, has been proposed as a stimulus for the initiation 

of feeding behaviour (LeMagnen, 1992). 

In the trial reported in Chapter 2, there appeared to be individual differences in 

the sampling behaviour and preference of the horses, as well as meal to meal 

variation by individual horses. Prior to feeding they were engaged in variable 

amounts of exercise, (in most cases 1-2 hours of exercise before lunch or dinner 

and but none before breakfast). If exercise leads to changes in metabolic state, 

and this in turn, influences feeding behaviour, then the exercise prior to feeding 

may have accounted for some of the variation. For example, post-exercise, the 

horse may show increased intake of a less palatable flavour, rather than 

spending time and energy searching for a more palatable option. This may lead 

to a longer latency to sampling the second option or a decrease in the number of 

changes between options. 

The aim of this experiment was to investigate feeding behaviour post-exercise 
in comparison to post rest. This was achieved by considering: the time spent 

with the first option before sampling the second, the number of switches 
between options, the intake rate and also the preference shown when given a 

choice between diets differing in flavour but not nutrient content. It was 
hypothesised that exercise would increase feeding motivation and a decrease in 

selectivity leading to one or more of the following changes in feeding 

behaviour: 

1. Increased intake rate 
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2. Greater time spent with first option before sampling the second, 

regardless of flavour 

3. Fewer switches between buckets 

4. Decrease in proportional intake of the flavour preferred following rest. 

5.2: Materials and Method 

5.2.1 : Subjects 

The subjects were ten adult crossbred geldings, aged between 9 and 24 years, 

resident at De Montfort University, (Appendix A). Prior to the trial, they had 

spent a month at pasture, with no additional feeding and no structured 

exercise. The horses' body weights were monitored throughout the trial. The 

horses were paired according to previous experience and preference for the 

flavours and diets in previous experiments (Chapters 2 and 3). One horse from 

each pair was randomly assigned to Group A and the other to Group B, to give 

groups approximately equal in previous experience and preference. Horses 

were fed according to individual energy requirements, estimated according to 

condition and weight, as discussed in Chapter 4, with grass providing the 

majority of energy for maintenance. 

5.2.2: Diets 

The basal diet as described in Chapter 3 was used (Appendix B), consisting of 

one part lower energy pellets (L - estimated D. E. - 9.3MJ/kg), to one part 

higher energy pellets (H - estimated D. E. - 11.3 MJ/kg). Mint and garlic 
(Dodson & Horrell, Kettering, UK) were used as flavour cues and 

approximately 15n-is of flavour were added as required, providing a difference 

which was clearly discernible to the human nose and was consistent with 

previous experiments. The feeds also contained moistened mollassed chaff, 
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(Dengi HiFi, Essex), added in proportion to the weight of pellets, (15 parts 

pellets: 4 parts water: 2 parts mollassed chaff). 

5.2.3 : Testing procedure 

Ä elirninary measurement of_ x take rate 

In order to estimate the time required by each horse to consume the allocated 

weight, they were fed an unflavoured basal meal of their individual meal 

weight and observed using 10 second sampling on an instantaneous 

intermittent recording schedule. The time from the bucket being placed in the 

stable until there was no food visible in the bucket, was noted and rounded to 

the nearest minute. This was used as their individual feeding time for the first 

six meals (run). For subsequent meals, the feeding time was adjusted according 

to their intake rate in the first six meals. I. e. their intake rate in the first six meals 

and the mean was calculated. This was used to determine the amount of time 

each horse required in order to consume its allocated weight of feed, within a 

choice test. 

Daily Schedule 

The horses were brought in from pasture between 08: 00 and 09: 00, each 

morning, and placed in individual loose boxes, they were returned to pasture 
between 11: 30 and 12: 30. Horses in Group A were exercised on a schedule of 3 

days exercise (lungeing) and 3 days rest (rest), while horses from Group B were 

exercised on a schedule of 3 days rest followed by three days exercise. This 

meant that one member of each matched pair (see above) was rested while the 

other was lunged. This schedule of three days lungeing to three days rest was 

repeated for a total of 4 runs. Lungeing consisted of 5 minutes walking and 15 

minutes trotting on the lunge. Approximately 30 minutes after lungeing, the 

exercised horse and its rested partner were moved to the testing area. The 

testing area consisted of 4 individual loose boxes (Fig 24), allowing two pairs to 
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be fed at one time. Video cameras (JVC 1280E) were mounted on the walls 

above the feed buckets and connected to a Sanyo VQM-800 B/W Quad 

Compressor, which was connected to a video recorder (Sanyo 168Hr TLS 

1600P) and monitor (JVC TM-14EK(B) ). Horses were then exposed to a choice 

of mint flavoured basal feed or garlic flavoured basal feed in identical buckets 

and allowed to feed for their individual feeding time, before the buckets were 

removed and the feed remaining was weighed. Once all the horses in the 

testing area had finished the choice-test, they were returned to their individual 

boxes. 

Horse 
from 

Group A 
Feeds 

Buckets 40 

Empty 
Stable 

Video 
Recording 
Equipment 

I\ 

Horse 
from 

Group B 
00 

Sliding doors 

Empty 
Stable 

Horse 
from 

Group A 
N 

Figure 24: Layout of experimental stables used in Chapter 5 

5.3: Data collection 

Empty 
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Behaviour on videos was analysed using continuous recording. A feeding bout 

was defined as starting when the horse's head entered the bucket and finishing 

when the head left the bucket before switching to the next bucket. The 

beginning of the test was defined as the start time of the first feeding bout. The 

length of the first bout was recorded (length-of-1St-bout). Observations were 
divided into bouts directed towards the left bucket and bouts directed towards 

the right bucket. The number of changes between buckets, where the horse 
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finished a bout in one bucket and the next eating bout was directed towards 

the other bucket, was counted (n-changes). 

Preference for the mint was calculated as intake of the mint flavoured diet as a 

proportion of total intake (pMint) and the time spent at each bucket was 

recorded from the videos. Then the time spent with mint as a proportion of 

total time directed towards the buckets was calculated, (pTime-with-mint). 

The intake rate at each meal was calculated by dividing the weight of food 

consumed by the time from the beginning of the test until the end of the last 

bout before the buckets were removed. 

5.4: Data analysis 

Statistical analysis was carried out using MINITAB 12.1 (Minitab Inc. 1998). One 

horse (Rol) was box-rested for 2 days due to a leg injury and a second horse 

(Sc1) was rested with a hoof poulticed for 8 days. The horses' activities during 

these days differed from both rest and lungeing days, therefore preference data 

for these days were not used in the analysis. One pair of horses (Sc1 and Cr2) 

tended to spill a large amount of feed by moving their buckets around as they 

ate, making it impossible to tell which choice they preferred and difficult to 

measure total consumption. Therefore, pMint and intake-rate data for this pair 

were not used in the analysis. However, using Spearmans tests correlations 

were found between pTime-with-mint and pMint, overall (r2=0.826 P<0.001) 

and for each individual excluding Sc1 and Cr2 (P<0.01 for each individual). 

Therefore pTime-with-mint data for Scl and Cr2 were analysed separately to 

the other horses' data, to compare preference following rest to that following 

lungeing. 

Data were coded by horse (1-10), group (A or B), exercise treatment (ex: 

lungeing or rest), repetitions (run: 1-4), for incorporation into general linear 

model ANOVAs. Kolmogorov-Smirnov tests were used to compare pMint, 
intake rate, length-of-1St-bout and n-changes data for each exercise treatment to 
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the normal distribution. Data for pMint did not differ significantly from a 

normal distribution (P>0.15 for lungeing data, P>0.05 for rest data). Data for n- 

changes differed from a normal distribution so was subjected to square root 

transformation. Transformed data did not differ significantly from a normal 

distribution (P>0.15 for both rest and lungeing data). Data for intake rate 

following lungeing did not differ from a normal distribution, (P>0.05) but data 

differed significantly from a normal distribution following rest (P<0.01) Square 

root, natural log and box-cox transformations were attempted but were 

unsuccessful in normalising the data. Data for length-of-1st-bout were positively 

skewed so were subjected to logarithmic transformation, but this proved 

unsuccessful. A suitable non-parametric test was not available but an ANOVA 

is said to be quite robust, when assumptions are not met, although caution is 

required when interpreting borderline results (Dytham, 1999). Therefore, 

ANOVAs were used to analyse the data for intake rate and length-of-lst-bout. 

Sc1's lameness lasted over a full run leading to a rank deficiency in results, 

therefore his data set was not used in any ANOVA. Non transformed data for 

pMint and intake-rate and length-of-1ST-bout and transformed data for n- 

changes, were subjected to repeated measures analysis of variance with horse as 

a random variable, group as a between horses factor and exercise treatment and 

run as within horse factors. 

5.5: Results 

No significant differences were found between exercise treatments in pMint 
(F1,6. o2=2.92, P=0.138 Table 17), intake-rate (F1,6. o6=1.97, P=0.209 Table 18), 

length-of-lit-bout (Fl, 7. oi=3.69, P=0.096 Table 19) or n-changes (F1,7=1.14, P=0.320 

Table 20). 

There were no interactions between group and exercise treatment for pMint 
(F1,6. o2=0, P=0.951), intake-rate (F1,6. o6=0.83, P=0.397), length-of-lst-bout 

(Fi, 7. oi=0.05, P=0.825 Fig 25) or n-changes (Fi, 7=0.15, P=0.707). 
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Table 

17 

- Analysis 

of 

Variance Table 
for 
pMint, 

in Chapter 

5, as generated by 
Minitab 

12 
(1998) 

using 
Adjusted SS. 

Horses 
were exposed 

to 
an exercise schedule of 3 

days lungeing 

to 
3 

days 
rest, repeated 

3 

times 
(runs). Groups 

differed in 
the 

order of exercise 

treatment. 
An iso-energetic 

choice was offered each 
day, following 

the 

period of rest or 
lunging (ex). 

x 

-the F-test is 
synthesized 

because it 
could not 

be 
calculated exactly 

in 
a mixed model 

Source DF Seq SS Adj SS Adj MS FP 
Group Horse (Group) Ex Group*Ex 

Ex*Horse 

(Group) 
Run Group*Run 
Run*Horse (Group) 
Ex*Run 

Group*Ex*Run 

1 

0.05377 0.04524 0.04524 0.12 0.736 

x 
6 2.17006 2.17939 0.36323 3.97 0.022 

x 
1 0.11975 0.11717 0.11717 2.92 0.138 

x 
1 0.00026 0.00017 0.00017 0 0.951 

x 

6 0.24525 0.24039 0.04006 1.16 0.368 

x 

3 0.14503 0.14284 0.04761 0.55 0.652 

x 3 0.05252 0.05505 0.01835 0.21 0.886 

x 
18 1.59396 1.54689 0.08594 2.5 0.03 

3 0.06088 0.05873 0.01958 0.57 0.643 
x 3 0.04361 0.03625 0.01208 0.35 0.789 
x 

Ex*Run*Horse (Group) 18 0.61974 0.61974 0.03443 0.52 0.944 
Error 

126 8.33363 8.33363 0.06614 

Total 189 13.43847 
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Table 

i8- 

Analysis 

of 

Variance Table for intake 
rate, 

in Chapter 

5, using Adjusted SS 
as generated 

by Minitab 

12 

(1998)" 

Horses 
were exposed 

to 
an exercise schedule of 3 
days lungeing 

to 3 
days rest, repeated 

3 times (runs). Groups differed in the 
order of exercise 
treatment. An iso-energetic choice was offered each day, following 

the 
period of rest or lungeing (ex). 

x 

-the F-test is 
synthesized because it 

could not 
be 

calculated exactly 
in 
a mixed model 

Source DF Seq SS Adj SS Adj MS FP Group Horse (Group) 6 
Ex 
Group*Ex Ex*Horse (Group) 6 

Run 
Group*Run Run*Horse 
(Group) 18 

Ex*Run 

Group*Ex*Run 

3 

Ex*Run*Horse 
(Group) 18 

Error 122 0.1318 Total 185 0.3491 0.0196 0.0165 0.0165 0.91 0.377 
x 
0.1113 0.1093 0.0182 17.64 0.047 

x 
0.0034 0.0023 0.0023 1.97 0.209 

x 
0.0011 0.0010 0.0010 0.83 0.397 

x 
0.0066 0.0069 

0.0012 

0.7 

0.653 
x 0.0057 0.0059 0.0020 1.28 0.31 
x 0.0073 0.0083 0.0028 1.8 0.182 
x 0.0268 0.0275 0.0015 0.93 0.563 0.0015 0.0016 0.0005 0.32 0.813 
x 0.0043 0.0045 0.0015 0.92 0.45 
x 0.0297 0.0297 0.0016 1.53 0.092 

1 

1 1 

3 

3 

3 
0.1318 0.0011 112 



Table 

19 
- Analysis 

of variance 

table 

for length-of-ist-bout, in 

Chapter 

5, 

using 

Adjusted SS 
as generated 

by 
Minitab 

12 

(1998)" Horses 
were exposed 

to 
an exercise schedule of 3 
days lungeing 

to 3 
days rest, repeated 3 times (runs). Groups differed in the 
order of exercise 

treatment. An iso-energetic choice was offered each day, following 
the 

period of rest or lungeing (ex). 
x 

-the F-test is 
synthesized 

because it 
could not 

be 
calculated exactly 

in 
a mixed model 

Source 

DF Seq 

SS 

Adj SS Adj MS FP 

Group 12 Horse (Group) 7 225632 Ex 1 17371 Group*Ex 1 280 Ex*Horse (Group) 7 28565 
Run 3 10903 
Group*Run 3 14330 
Run*Horse (Group) 21 228382 
Ex*Run 3 50407 
Group*Ex*Run 3 14099 
Ex*Run*Horse (Group) 21 220684 6600.99 

x 231700 33100 11.36 0.308 
x 15174 15174 3.69 0.096 
x 215 215 0.05 0.825 
x 

28756 4108 0.39 0.898 
x 10410 3470 

0.37 0.774 
x 11142 3714 0.4 0.755 
x 195408 9305 0.89 0.608 57917 19306 1.84 0.171 
x 14703 4901 0.47 0.709 
x 220684 10509 0.89 0.6 

Error 138 1623033 1623033 11761 Total 
209 2433690 
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Table 

20 

- Analysis 

of variance 

table 
for 

n-changes, 
in Chapter 

5, using Adjusted SS 

as generated 

by Minitab 

12 

(1998)" 

Horses 
were exposed 

to 
an exercise schedule of 3 
days lungeing 

to 
3 
days rest, repeated 

3 times (runs). Groups 

differed 

in the 
order of exercise 
treatment. An 

iso-energetic 
choice was offered each day, following the 

period of rest or 
lungeing (ex). 

x 
-the F-test is 

synthesized 
because it 

could not 

be 

calculated 

exactly 
in 
a mixed 

model 
Source DF Seq SS Adj SS Adj MS FP Group 

1 
7.6584 7.5505 7.5505 0.98 0.356 

x 

Horse (Group) 7 Ex 
Group" Ex 

1 

1 Ex*Horse (Group) 7 

Run Group*Run 
3 

3 Run*Horse (Group) 21 
Ex*Run 

3 Group*Ex*Run 3 
Ex*Run*Horse (Group) 21 

55.8046 54.0356 7.7194 24.71 0.042 
x 
0.7325 0.5281 0.5281 1.14 0.32 

x 
0.1731 0.0706 0.0706 0.15 0.707 

x 3.2788 3.2333 0.4619 0.88 0.539 
x 0.2652 0.4647 0.1549 0.41 0.746 
x 0.2227 0.1447 0.0482 0.13 0.942 
x 
7.7743 7.8801 0.3752 0.71 0.777 

0.2056 0.2152 0.0717 0.14 0.937 
x 4.5156 4.7126 1.5709 2.99 0.054 
x 11.0424 11.0424 0.5258 1.14 0.314 

Error 138 63.5866 63.5866 0.4608 Total 209 155.2597 
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Length-of-Ist- 
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B 
Figure 

25: 

Mean 
± 

s. e. 
for length-of-ist-bout (time 

spent with 
first bucket 

approached 
before 

sampling second) when given a choice 

between 

a mint- 
flavoured diet 

and a garlic 
flavoured diet, 

with no nutritional 
differences 

between diets, following 
a period of 

lungeing 

or rest. Groups differed in 
order of ex-treatment 

(See 
text 

for details 
of exercise regime). 
There 
were no 
interactions between 

exercise 
treatment 

and run 
for 

pMint 
(F3,18.12=0.57, P=0.643 Fig 26), intake-rate (F3,18.20=0.32, P=0.813 Fig 27), length-of- 
lst-bout (F3,21.19=1.84, 

P=0.171) 
or n-changes (F3,21_15=0.14, 

P=0.937). 

There 
was a weak 

interaction between 

group, exercise 
treatment 

and run 

for 
n- changes 

(F3,2115=2.99, P=0.54, Fig 28 ), 
with 
Group A 

showing slightly 
lower 

n- 
changes 

following lungeing 
compared 

to 

rest 

in 
the 

first 

two 
runs and a slightly 

higher 
n-changes 

following lungeing 
compared 

to 

rest 
in 

the 

second 

two 

runs while 
Group B 

showed a slightly 
higher 

n-changes 
during lungeing 

compared 
to 

rest 

in 
the 

first 
two 

runs and a slightly 

lower 

n-changes 

during lungeing 
compared 

to 

rest 
in 

the 

second 

two 

runs. 
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Figure 26: Mean ± s. e. pMint (mint intake as a proportion of total intake 

within a meal) when exposed to a choice between a mint-flavoured diet 

and a garlic flavoured diet, with no nutritional differences between diets, 

following a period of lungeing or rest. 
Each exercise treatment was repeated for three days within a run (See text for full 

details of exercise regime). 
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Figure 27: Individual mean intake rates ± s. e. when exposed to a choice 

between a mint-flavoured diet and a garlic flavoured diet, with no 

nutritional differences between diets, following a period of lungeing or 

rest. 
Each exercise treatment was repeated for three days within a run (See text for full 

details of exercise regime). 
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Figure 28: Mean and s. e. for n-changes when exposed to a choice between a 
mint-flavoured diet and a garlic flavoured diet, with no nutritional 
differences between diets, following a period of lungeing or rest. 
Each exercise treatment was repeated for three days within a run. Groups differed in 

order of exposure to exercise treatments within a run. (See text for full details of 

exercise regime). 

Run 

Group B 
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Neither Cr2 
nor 
Sc1 

showed a significant 
difference between 

treatments for pTime-with-mint, (Fig 29). There were no 
interactions between horse and 

exercise 
treatment 

for pMint (F6,18.05 1.16, P=0.368) intake-rate (F6,18.16=0.7, 
P=0.653), length-of-1St-bout (F7,21.33=0.39, P=0.898) 

or n-changes 
(F7,21.26=0.88, 

P=0.539). 
pTime-with-mint 
1 

M Lungeing 

TM Rest 0.5 

0 
Sc1 Cr2 Horse 

Figure 
29: 

Mean ± s. e. pTime-with-mint 
(time 

spent 
directed 

towards the mint flavoured diet as a proportion of 
time 

spent exposed 
to 
choices) 

for two horses following 
a period of 

lungeing 
or rest. 

For 
these 

horses intake 

could not 

be 

measured accurately 

due 

to 
a 

large 

amount of 

spillage 
from 

the 
buckets during feeding. The 

horses 
where exposed 

to 
a choice 

between a mint-flavoured 

diet 

and a garlic 

flavoured diet, 

with no nutritional 

differences 
between diets. (See 

text 
for details 

of exercise regime). 
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5.6: Discussion 

It was hypothesised in the introduction that exercise may cause changes in 

physiological variables within the horse which could lead to changes in feeding 

motivation. A change in feeding motivation could result in altered behaviour 

within a choice test. For example it may lead to a change in intake rate, a change 

time spent feeding from the first option before sampling the second, or a change 

in number of times the horse switches between options. If any such behavioural 

changes occur this may effect the proportion of options consumed and hence 

affect preference. 

5.6.1 : Effect of exercise on intake rate 

Increased feeding motivation may lead to an increase in intake rate. For 

example, Kaplan et al., (1990) has suggested that rate of intake may be faster by 

hungry animals. In this study intake rate did not differ as a result of exercise. 
This may be interpreted as: the exercise regime did not affect feeding 

motivation; the exercise was not intense enough to cause physiological changes; 

or a hungry horse does not or cannot increase intake rate in response to 

increased needs. 

An animal may not be able to increase intake rate due to constraints such as the 

physical characteristics of the animal, e. g. mouth size and digestive capacity, 

which limit intake in a given amount of time, Owen-Smith and Novellie (1982). 

It may be that the horses were already feeding at maximum intake rate during 

rest, so there would be no room for change following exercise. Bergman et al. 
(2001) has questioned an animal's ability to increase energy intake with 
increasing requirements, subject to fixed constraints. Their argument was that if 

an animal was an energy maximiser, there would be no room for improvement. 
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5.6.2 : Effect of exercise on time spent with the first option before sampling the second 

In this trial, the options did not differ in nutrient content, therefore there would 
be no nutritional advantage to selecting one over the other. However, they may 
differ in hedonic value to the horse. It was suggested that hedonic value may be 

less important to a hungry animal, e. g. Edwards et al. (1994). Reduced 

selectivity of a hungry animal may be an attempt to conserve time and energy, 
by utilising an available food source rather than looking for a more preferred 

alternative, (Pyke, 1984). If this is the case, then it might be expected that a 

hungry animal may be more likely to stay with the first option for longer before 

investigating the alternatives. In this trial, time spent with the first bucket was 

not significantly greater following rest than lungeing. However with a larger 

sample size or more intense exercise an effect may have been seen. 

Alternatively, the lack of significant change in sampling may due to the horse's 

ability to learn the position of options available in a choice test. For example, if 

they did not know what alternatives may be available, searching could be 

unproductive. However, if they knew a preferred flavour was available, 

searching may not be seen as a risky strategy with respect to efficient use of 

time and energy. In Chapter 2, it was suggested that the horses could form 

associations between characteristics of the foods and their positions. In this 

experiment, the positions of the options were reversed at each meal. Reversal 

learning has been demonstrated in the horse (Fiske and Potter, 1979; Heird et 

al., 1981; Houpt et al., 1982). Therefore, the horse may still use positional cues 

to identify the available options. Or the horse may learn that there is always a 

choice between mint or garlic, so if the preferred flavour is sampled first, there 

is no need to sample the second. On the other hand, if the lesser preferred 
flavour is sampled first, the animal may know that with minimal effort, a 

preferred food can be found. Therefore, early sampling may not be perceived as 

a risk and there may be no need to change behaviour following exercise. 
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5.6.3 : Effect of exercise on number of switches between options 

There are several reasons why the horse may switch between options within a 

choice test, for example, sampling before selecting a preferred option; 

maximising intake rate; or they may have become sated with one option. As 

suggested previously a hungry animal may be less selective but as with length- 

of-1st-bout, there was no effect of exercise treatment on n-changes and therefore 

no evidence of the horse being less selective following exercise. 

Reducing the number of switches between buckets may have an effect on 

overall intake rate by reducing the time spent moving and hence not-eating. 

However, as the time required to switch was minimal, in this experiment, 

switching between buckets may actually provide a mechanism to increase 

intake rate. Intake rate of a food is constrained by its spatial distribution, which 

will change as the food is consumed within a patch (bucket in this case). In 

order to maximise intake rate, an animal should move to a different patch 

(bucket) as the intake rate meets or falls below the average rate within the 

environment (Marginal value theorem: Charnov, 1976b; Pyke, 1984; Prache et 

al., 1998). Therefore, if the horses move between buckets as a mechanism to 

increase rate of intake, during rest days, there may be no room for 

improvement following exercise. 

Another possible reason for a horse to switch to a different option may be 

disturbances in the environment. For example a noise on the yard may result in 

the horses looking around and temporarily ceasing to eat. When they return to 

feeding, they may start with a different option. In this trial there was a 

significant interaction between group, exercise treatment and run. Within each 

run, Group A were lunged in the first half while Group B were rested, then the 

treatments were switched. If the data is inspected in order of occurrence for 

each group (Fig 28), the groups now follow similar trends in n-changes, with 
both groups showing slightly lower n-changes in the first half of the first two 

runs, in comparison to the second half and a slightly higher n-changes in the 
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first half of the first two runs, in comparison to the second half. This might 

suggest that something in the environment is influencing number of changes, 

causing slightly more switching on some days. 

5.6.4 : Effect of exercise on flavour preference 

It was suggested that exercise may lead to a change in feeding motivation, 

which could, in turn, result in altered behaviour within a choice test. If any such 

behavioural changes occur this may effect the proportion of options consumed 

and hence affect preference. The results of this test showed no significant effect 

on some behavioural measures within a choice test. There was also no 

significant effect on preference for the mint flavoured food. Further 

experimentation is necessary to determine if a greater intensity of exercise may 

have an influence on feeding behaviour and preference. 

5.6.5: Possible areas of future research 

It was suggested in the introduction to this chapter, that exercise could cause 

changes in physiological state, which could lead to changes in feeding 

behaviour. As discussed previously, it has been shown in studies on horses, 

that exercise causes changes in plasma variables, (Essen-Gustavsson et al., 

1991; Rodiek et al., 1991; Danielsen et al., 1995; Lawrence et al., 1995; Stull and 

Rodeik, 1995; Pagan and Harris, 1999). However, the intensity of the exercise in 

these studies was higher than the study reported here. In the study by 

Danielsen et al. (1995), for example, the exercise period lasted 2 hours and 45 

minutes. The study by Stull and Rodeik (1995) included three 10 minute bouts 

of cantering and in the study by Essen-Gustavsson et al. (1991), horses were 

exercised to fatigue. The amount and type of exercise influences the metabolic 

state during recovery. Therefore, it may be that the horses recovered quickly 
from the exercise in this study and so the metabolic state following exercise, did 

not differ greatly from that following rest. A higher intensity or longer duration 
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of exercise may cause greater changes in metabolic state and lead to changes in 

feeding behaviour. 

The food consumed by the horses prior to exercise has also been shown to affect 

metabolic state (Essen-Gustavsson et al., 1991; Rodiek et al., 1991; Danielsen et 

al., 1995; Stull and Rodeik, 1995; Pagan and Harris, 1999) with consumption of 

concentrate prior to feeding causing greater changes in metabolites than 

consumption of forage. For example, the rise in plasma protein during exercise 

has been shown to be greater in horses with restricted access to hay (Danielsen 

et al., 1995). Stull and Rodeik (1995) found that horses exercised 4 hours after 
feeding showed a drop in plasma glucose during exercise, leading to lower 

plasma glucose than fasted or alfalfa fed horses. A similar result was found by 

Rodiek et al. (1991), as blood glucose dropped lower in corn fed than alfalfa fed 

horses that were exercised 2 hours after feeding. In this, experiment, horses 

were at pasture prior to testing and may, therefore, have consumed grass before 

exercising. If they had been fed a concentrate meal, prior to exercise as in 

Chapter 2, relevant metabolic changes may have been more apparent. For 

example, grain feeding prior to exercise may cause a drop in glucose during 

exercise, and so lead to higher levels of insulin and glucose during recovery, in 

comparison to forage fed or fasted horses (Pagan, 1999). If feed is offered during 

recovery, feeding behaviour may be affected, for example increases in glucose 
have been associated with reduced feeding in horses (Ralston and Baile, 1982b). 

Therefore, in this trial, the consumption of grass prior to exercise may not have 

led to significant changes in plasma variables, but in other trials in this study, 

where grain was fed prior to exercise, the effects of exercise can not be ruled 

out. Further experimentation using different feed management systems may 

show an effect of exercise on choice. 

If this experiment were to be repeated, blood analysis prior to feeding, would 

give a fuller picture of the differences in metabolic state as a result of exercise. 
This would then allow investigation of the effects of metabolic state on feeding 

124 



behaviour. For example, changes in blood glucose are likely to be affected by 

the time from feeding to exercise, the level of fitness and the level of exercise 

undertaken, therefore, it is difficult to predict the metabolic state at the time of 

feeding post-exercise. However, by measuring blood levels such as blood 

glucose, at rest and at time of feeding, it may be possible to determine the 

relationship between feeding behaviour and metabolic state. It would also be 

useful to investigate levels of amino acids in the blood. The ratio of tryptophan 

to large neutral amino acids (LNAA) has been linked to brain serotonin levels 

(Fernstrom and Wurtman, 1971a). Brain serotonin has been linked to diet 

selection (Halford et al., 2000; Orosco et al., 2000). Essen-Gustavsson et al. 

(1991) found that levels of amino acids increased during exercise, except for 

tryptophan which did not rise when exercise followed a feed containing oats, 

barley and mollasses. This would have led to a change in the ratio of 

tryptophan to LNAA, which may affect feeding behaviour. 

Investigation of the effect of exercise on feeding behaviour under different 

situations, such as a greater distance between options, may be useful. Many 

foraging theories suggest that feeding strategies should aim to minimise time 

spent engaged in feeding behaviours (Owen-Smith and Novellie, 1982; Krebs 

and Davies, 1997; Bergman et al., 2001) or minimise energy expended through 

feeding behaviours and hence maximise net energy intake (Charnov, 1976a; 

Owen-Smith and Novellie, 1982; Krebs and Davies, 1997). One reason for 

altering behaviour as needs change, may be to optimise available time and 

energy searching for alternatives, (Pyke, 1984). However, the procedure used 

throughout this study has been designed to minimise the effort required to 

switch between buckets. This was to reduce the influence of environmental 
factors on selection behaviour, in order that selection could be more closely 
linked to the properties of the food. As a result, the time and energy spent 

sampling alternatives in this trial may not have been a significant factor in the 

horses feeding strategies. A greater cost could be imposed on sampling simply 
by moving buckets further apart, or introducing a barrier between options. 
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5.7: Conclusions 

The results of this experiment provide no significant evidence for changes in 

feeding behaviour by horses, following exercise, when neither option is 

nutritionally preferable. However, an effect of exercise on feeding behaviour 

can not be ruled out in other situations. Further experimentation is required. 
For example, altering variables such as food given prior to exercise, level of 

exercise and cost to sampling will allow determination of whether or not 

exercise has an effect on feeding in other situations. Blood analysis will allow 

determination of the state of the animal, and so allow identification of why the 

exercise may or may not affect behaviour. 
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Chanter 6: Effect of exercise on selection between 
diets differing in energy density 

6.1: Introduction 

One purpose of diet selection is to provide the animal with adequate nutrients. 

However, the nutrient requirements of an animal are not constant and will 

change with age, activity, health, time of day, year etc. Therefore, an animal 

should be able to adapt its selection as requirements change. It is likely 

therefore that in times of greater energy expenditure, energy intake should 

increase e. g. Mayer et at., (1956). It might also be expected that energy intake 

would increase following periods of exercise. 

The ability to adapt intake with changing needs would seem to be 

advantageous in a prey animal such as the horse. Inadequate intake may 

compromise fitness, while excessive intake may lead to illness or hinder ability 

to escape from predators (Lima, 1986). However, in free-ranging conditions, 

changes in energy requirements are likely to be gradual, such as the increases 

during pregnancy and lactation, but the domesticated horse is often kept for use 

in riding or driving activities and so their energy expenditure is often dissimilar 

to that in the natural environment. It may be that horses can adapt to gradual 

changes in energy requirements, such an increase in plane of nutrition. The 

energy requirements of a 500kg pregnant mare will increase from 16.4 to 19.7 

Mcal D. E. /day, during the course of pregnancy and up to 28.3 Mcal D. E. /day 

during lactation (National Research Council, 1989). Lactating mares also seem 

to graze for long periods. For example, lactating mares will spend about 70% of 

their time feeding when maintained on pasture (Crowell-Davis et al., 1985). 

Duncan (1992) found that mares increased their time spent foraging at the peak 

of lactation. During such periods it is likely that changes in the levels of 

circulating hormones, influence feeding behaviour. For example increasing 

levels of circulating prolactin during lactation may increase food intake (Bray, 
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2000). However, even if they can adapt to changes in energy requirements 

consistent with lifestyle changes in a natural environment, they may not be able 

to adapt to the considerable and rapid changes in energy expenditure between 

work days and rest days, under human management. For example a 500kg 

horse in moderate work would require around 24.6 Mcal D. E. /day compared to 

the 16.4 Mcal D. E. /day, maintenance level (National Research Council, 1989). 

Continued high levels of feeding on days when horses are resting have been 

associated with many problems and reduced feeding is recommended to reduce 

the likelihood of a horse suffering an episode of exertional rhabdomylosis 

(Frape, 1998). 

In Chapter 5, it was suggested that exercise routines may influence diet 

selection as exercise may cause changes in plasma variables during exercise 

(Essen-Gustavsson et al., 1991; Rodiek et al., 1991; Danielsen et al., 1995; 

Lawrence et al., 1995; Stull and Rodeik, 1995; Pagan and Harris, 1999). In 

Chapter 5, no effect of exercise was found on a choice between two diets not 

differing in energy intake. This may have been because there was no advantage 

to selecting one over the other. However, if horses were provided with a choice 

of options differing in energy, it might be expected that horses in a more 

deficient energy state would select more of the higher energy option and if 

exercise causes changes in metabolic state, horses may select differently 

following exercise. 

There was a suggestion in Chapter 3, that level of exercise had an effect on diet 

selection when given a choice between two diets differing in energy density. 

However, due to the limited number of days without exercise in that trial, there 

were not enough data to draw conclusions. This experiment aimed to 

investigate the effect of exercise on diet selection between two diets differing in 

nutritional composition. In this trial, the time between exercise and feeding and 

the level of exercise was controlled. 
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6.2: Materials and methods 

6.2.1 : Subjects 

The subjects were the same ten adult crossbred geldings used in Chapter 5 

(Appendix A) with the same pairings and groupings. The horses were 

maintained on the same energy level and given the same amount of time to feed 

as in Chapter 5. 

6.2.2 : Diets 

Two diet formulations were used: the relatively low energy pellet (L - estimated 

D. E. - 9.3MJ/kg), and the higher energy pellet (H - estimated D. E. - 11.3 

MJ/kg) as used previously (Appendix B). Garlic (Dodson & Horrell, Kettering, 

UK) was used as a discriminative cue flavour cue and approximately 15n-is 

were added to the higher energy diet of Group A and the lower energy diet of 
Group B. Mint was not used in this trial, as it was felt that only one flavour was 

necessary to allow the horses to discriminate between the diets and mint may 
have had previously learned positive associations as it is often used in horse 

treats. The feeds also contained moistened mollassed chaff (Dengi HiFi, Essex), 

added in proportion to the weight of pellets, (15 parts pellets: 4 parts water: 2 

parts mollassed chaff). 

6.2.3: Daily Schedule 

The horses were brought in from pasture between 08: 00 and 09: 00, each 

morning, and placed in individual loose boxes, all but 3 were returned to 

pasture between 11: 30 and 12: 30. The remaining 3 were participating in another 

trial on weekdays and were given haylage at around 12: 00 and remained in 

their boxes until about 16: 00, at which point they were returned to pasture. On 

weekends, they were returned to pasture with the others between 11: 30 and 
12: 30. Horses in Group A were exercised on a schedule of 3 days exercise and 3 

days rest, while horses from Group B were exercised on a schedule of 3 days 
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rest followed by 3 days exercise. This was repeated for a total of 3 runs. A 

fourth run was then conducted with 5 days exercise and 5 days rest. Exercise 

consisted of 5 minutes walking, 10 minutes trotting and 5 minutes cantering on 

the lunge. Approximately 1 hour after lungeing, horses were exposed to a 

choice of the higher energy diet or the lower energy diet and allowed to feed for 

their individual feeding time. Horses in Group A had garlic added to the higher 

energy and the lower energy was left unflavoured. Group B had garlic added to 

the lower energy and the higher energy was left unflavoured. 

6.3: Data analysis 

All statistical analysis was carried out using MINITAB 12.1(Minitab Ltd. 1998). 

One horse (Bul) was rested and poulticed for 6 days due to lameness. The 

horse's activities during these days were likely to differ from both rest and 

lungeing days as the horse's movements in the field may have been affected by 

the lameness, therefore data for these days were not used in the analysis. One 

horse (Cr2) was removed during the course of the experiment due to illness and 

his partner (Scl) tended to spill a large amount of feed as in Chapter 5, making 

it impossible to tell which choice he preferred and difficult to measure total 

consumption. Therefore, data for this pair were not used in the analysis. 

Preference for the higher energy diet was calculated from the intake of the 

higher energy diet, as a proportion of total intake within a meal, (pHigh). 

Data were coded by horse (1-10), group (A or B), exercise treatment (lungeing 

or rest), run (repetitions 1-4). Kolmogorov-Smirnov tests were used to compare 

pHigh, to the normal distribution for rest and lungeing. Data for pHigh differed 

significantly from the normal distribution so were subjected to arcsine 

transformation of the square root (transformed-pHigh). Transformed data did 

not differ from a normal distribution for rest data (P>0.15) or lungeing data 

(P>0.05) A repeated measures ANOVA was used to compare the first and last 

runs by group. A repeated measures ANOVA with horse as a random variable, 
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group as a between horses factor and exercise treatment and run as within 

horse factors was also carried out. 

6.4: Results 

There were no differences between groups (F1,6.02=0.40, P=0.54) or runs 1 and 4 

(F1,6.06=0.03, P=0.87) and no interaction (Fi, 6.06=0.66, P=0.44). 

Transformed-pHigh was greater on rest days (0.9432 ± 0.0341, mean ± s. e. ) than 

lungeing days (0.7813 ± 0.0422, Fl, 7.25=13.70, P<0.01 Fig 30). 

pHigh 

1; 

0.5 

Lungeing 
Treatment 

Rest 

Figure 30 : Mean ± s. e. for pHigh (intake of high energy as a proportion of 

total food intake) when given the choice of a higher energy diet or a low 

energy diet, following a period of lungeing or rest. 

(See text for details of exercise regime). Treatments differed at P<o. oi. 
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There were no significant differences between groups, 
(F1,6.14 =0.03, 
P=0.874 

Table 21), 
and no 

interactions between 
exercise 

treatment 
and group 

(F7,7.25=0.01, P=0.926) 
or horse (F6,172=0.74, P=0.619, Fig 31). Table 
21 

- Analysis 
of 

Variance Table for pHigh, 
in Chapter 6, 
as generated 
by 
Minitab 

12 
(1998) 

using 
Adjusted SS. 
A 
choice between a higher 

energy diet and a lower energy diet was offered each day, 
following 
the 
period of rest or lungeing (ex). 

Groups 

differed 

in the 
order of exercise treatment. 

x 

-the F-test is 
synthesised 

because it 
could not 

be 
calculated exactly 

Source DF Seq SS Adj SS Adj MS FP 

Group Horse(Group) Ex Group* Ex 
Ex * Horse(Group) 

Run 
Group*Run Run*Horse 

Ex *Run 
Group* Ex *Run 

Error 

Total 1 0.0035 0.005 0.005 0.03 0.874 

x 6 1.3282 1.1048 0.1841 1.36 0.373 
x 1 1.4288 1.545 1.545 13.7 0.007 
x 1 0.0265 0.001 0.001 0.01 0.926 
x 6 1.128 0.6605 0.1101 0.74 0.619 

3 1.451 1.6204 0.5401 3.13 0.05 
x 3 0.8716 0.9641 0.3214 1.86 0.171 
x 18 3.2069 3.1208 0.1734 1.16 0.297 3 0.3135 0.2085 0.0695 0.47 0.706 

3 0.6353 0.6353 0.2118 1.42 0.238 172 25.628 25.628 0.149 
217 36.0214 
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pHigh 
1 
Group A 0.5 

N Lungeing I 
Rest 

Group B 

Cri Jel Sal St1 But Ba2 Fol Rol Horse 
Figure 

31: 

Mean 

and s. e. of pHigh 
(intake 

of 
higher 
energy as a proportion 

of 
total 

food intake) for 

each 

horse 

after a period of 

lungeing 

or a period or 

rest (See 
text 

for details 

of exercise regime). 

Horses in Group A 

were given a choice 

between 
garlic 

flavoured higher 
energy and unflavoured 

lower 
energy. 

Horses in Group B 

were 
given a choice 

between 

unflavoured 

higher 

energy and garlic 

flavoured lower 
energy 

diet. 

There 

was a significant 

difference between 

runs 

(F3,1s. 9=3.13, P=0.05, Fig 32), with run 
3 

showing 

the 
lowest 

pHigh. 
On 

the third 
day 
of 

this 

run all 
horses 

showed a preference 
for 

the 

lower 
energy with pHigh ranging 

from 0 

to 

0.37, 

and a mean of 
0.07. It 

was 

thought that this 

strong aversion 

to the 
higher 

energy 
was a result of one 

bag becoming damp 
and 

the 

food 
rotting. 
All bags 

used 
subsequently were 

thoroughly 
checked, and no 

further 

problems were 

found. 
The 

analysis was repeated with 

the 
data for 

this 
day 
removed and no effect of 

run was 
found (F3,18.86=1.11, P=0.36). The 

removal of 
this 

data did 
not 

have 
a 

marked effect on any other analysis, with 

pHigh remaining 
lower 

on 
lungeing days in 

comparison 

to 

rest 
(F1,8. y=13.41, P<0.01). 
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6.5: Discussion 6.5.1: Flavour-post-ingestive 

consequence associations 

In 
the 

introduction 
to this thesis, 
it 

was suggested 
that 

one way 

in 

which 

preferences 
develop 

was 

through the 
learning 

of associations 
between orosensory characteristics, such as 

flavour, 
and 

the 

consequences of 

ingesting 
the 

food, 

such as 

energy 

gain. 

The 
trial 

reported 
in Chapter 3 

sought 

to investigate 
this 
learning 

ability 
in 

the 
horse. A 

change 

in feeding behaviour 
occurred with 

the 
horses 

showing an 

increase in 

selection of 

the 
higher 

energy 

diet. This 
change 

in behaviour 
may 

have been 
a result of 

learning. 
In 

the trial 

reported 
in 

this 
chapter, no change 

in behaviour 
was evident, with no change 
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preference from the first run to the last. Without a change in behaviour, it is not 

possible to know if learning has taken place. 

It is possible that learning did occur, but a large shift in preference was not 

necessary. Alternatively learning may have occurred within the first run. Six of 

the eight horses had previously been exposed to the higher and lower energy 
diets in the study described in Chapter 3. Although over a year had separated 

the experiments, some associations may have remained and so previous 

experience may have aided learning in this experiment. Therefore, although no 

shift in preference was apparent, the formation of associations between flavour, 

or other characteristics of the diets, and post-ingestive consequences can not be 

ruled out. 

6.5.2 : Effect of exercise on selection between a higher or lower energy diet 

In this experiment, preference for higher energy was significantly lower on 
lungeing days than rest. This is in contrast to the results presented in Chapter 3, 

where preference for higher energy decreased during two rest days. However, 

it corresponds with a study in humans where food intake was lower following a 

period of strenuous exercise in comparison to a period of moderate exercise, 

(Kissileff et al., 1990). 

The higher energy used in this study was formulated to be similar to the lower 

energy but with a higher oil content. Therefore, the higher energy diet was 

relatively high in fat compared to the low energy diet. Studies of macronutrient 

selection following exercise have shown a decrease in fat selection following 

exercise by rats (Larue-Achagiotis et al., 1994; Miller et al., 1994) and humans 

(Westerterp-Plantenga et al., 1997). The preference for lower energy following 

exercise in this experiment may be linked to macronutrient selection away from 

fat. The exact mechanism, which leads to a decrease in fat selection following 

exercise, is not known but many metabolic and hormonal effects of exercise 
have been implicated in feeding behaviour. For example, exercise may 
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stimulate the release of adrenaline (McArdle, 1991; Rose and Hodgson, 1994). 

Whereas feed intake has been reported to be inhibited by adrenaline (Forbes, 

1995). Insulin and glucagon are involved in the mobilisation of energy stores 

during exercise, (McArdle, 1991; Rose and Hodgson, 1994) and also in the 

control of food intake, (Ralston, 1982; LeMagnen, 1992; Forbes, 1995). In 

addition, insulin also affects the uptake of amino acids into the brain by altering 

the ratio of tryptophan to large neutral amino acids (Wurtman et al., 1983). An 

increase in insulin causes the uptake of amino acids into the blood stream 

(Hadley, 1988). However, as tryptophan is in the unique position among amino 

acids of being bound to albumin in the blood (Bender, 1978), relatively less 

tryptophan is taken up by the muscles. This leads to an increase in the ratio of 

tryptophan to large neutral amino acids (LNAAs) within the blood (Wurtman 

et al., 1983). As these amino acids compete for uptake into the brain, this allows 

more tryptophan to cross the blood-brain barrier (Fernstrom and Wurtman, 

1972; Bender, 1978). The increased levels of tryptophan in the brain cause the 

synthesis and release of serotonin (Fernstrom and Wurtman, 1972). Fernstrom 

and Wurtman (1971a) have shown a correlation between brain serotonin and 

the ratio of plasma tryptophan to LNAAs in rats. Fernstrom and Wurtman 

(1971b) have reported an increase in brain serotonin in rats, resulting from an 

injection of insulin. Smith et al., (1999) have shown that serotonin infusion into 

the paraventricular nucleus of rats results in a decrease in fat intake. The 

occurrence of such a process, of serotonin leading to reduced fat intake, remains 

to be tested empirically in the horse although some studies have shown a rise in 

insulin, in the horse, following exercise, (Rodiek et al., 1991; Stull and Rodeik, 

1995; Crandell et al., 1999). If this occurred in the experiment reported here, this 

may have led to an increase in brain serotonin and could cause a decrease in fat 

selection, and may therefore be one explanation for the decrease in preference 
for the higher energy diet following exercise. 
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Many factors influence the levels of insulin during and after exercise, e. g. 

feeding practices, (Danielsen et al., 1995; Stull and Rodeik, 1995; Pagan and 

Harris, 1999), type of exercise (Rose and Hodgson, 1994). Differences in the 

exercise protocol used here and in Chapter 3, may have resulted in differing 

metabolic states and hence, differing results, causing a decrease in higher 

energy following exercise in this experiment but an increase in the experiment 

reported in Chapter 3. Therefore, blood profiles taken prior to feeding may 

provide more information concerning the metabolic state of the horses and how 

this may influence selection 

The feeding schedule also differed between this experiment and that in Chapter 

3. In Chapter 3, intake of forage was controlled, therefore horses could only 

respond to any metabolic challenges by altering selection or behaviour within 

the preference test. However, in this experiment horses had free access to grass 

after the experimental diet had been offered, allowing the horses to compensate 
later in the day. Therefore, overall energy intake may have been greater on 
lungeing days. 

The removal of the horses from pasture in this trial, may also have led to 

differing results between experiments, e. g. the removal from pasture may have 

provided a cue to the rested horses that food would be presented. The period of 

standing in the stalls may have led to increasing feeding motivation. Whereas 

exercised horses spent less time in the stall waiting for food. It may be worth 
investigating the effect of different management schedules on feeding 

behaviour and selection. 
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6.6: Conclusions 

Horses showed a lower preference for the higher energy food following 

exercise. The reasons for the change in preference are unclear at this stage, 

although changes in metabolic state, may have resulted from the exercise 

treatment leading to changes in selection. Alternatively, the rest period may 
have provided horses with early cues that feeding time was approaching and 

caused an increase in feeding motivation. The results differed from those 

suggested previously for the effects of exercise on selection (Chapter 3). This 

may have been a result of differences in the exercise schedules or daily 

management regimes, but further experimentation is required. 
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Chanter 7: The effects of workload on selection between diets 
differing in post-ingestive consequences 

7.1: Introduction 

Several studies have compared feeding behaviour following rest or exercise but 

different studies have found contradictory results. For example, Leon et al., 

(1979) found that obese men increased their intake during a walking program. 

Dickson-Parnell and Zeichner (1985) found that human females decreased their 

intake on exercise days in comparison to non-exercise days. Kissileff et al., 

(1990) found that non-obese women increased their intake following moderate 

exercise in comparison to rest, although not significantly. Kissileff et al. (1990) 

also found that non-obese women decreased their intake following strenuous 

exercise in comparison to moderate exercise, while obese women showed no 

differences in intake. It is likely that differences in protocol, form and level of 

exercise, sex, age and fitness level of the subjects have led to the contradictory 

results. 

In the experiment described in Chapter 3, there was a suggestion that the horses 

might have changed their selection as a result of reduced exercise. I. e. when the 

horses' exercise dropped from 2-3 hours per day to rest, they decreased their 

preference for the higher energy feed. However, in that trial, there were only a 

few rest days during the high versus low tests. Conversely, in a subsequent trial 

(Chapter 6), an increase in preference for the higher energy diet was seen on 

rest days. The reasons for the discrepancy are unclear, but may relate to 

differences in level of workload or in feeding management. Therefore, a second 

investigation of the effects of exercise on selection was carried out. Daily 

management and the level of workload used was similar to that used in the trial 

in Chapter 3, in order to determine if the suggestion of a reduction in higher 

energy intake following a period of rest was repeatable. This trial differed from 

139 



that reported in Chapter 6, in the daily management schedule and in the 

amount of exercise required of the horses. 

This aim of this trial was to investigate the effect of level of workload on 

selection between two diets differing in energy density, with the hypothesis 

that preference for the higher energy would be greater on work days than on 

rest days. 

7.2: Materials and methods 

7.2.1 : Animals and daily schedule 

The subjects were 9 adult geldings and 3 adult mares of mixed breeding, aged 

between 5 and 23 years, resident at De Montfort University Equestrian Centre 

and used in riding school activities (See Appendix A). They were divided into 2 

groups, approximately balanced for previous experience in preference tests. The 

horses were given weighed nets of haylage at 06: 30,12: 00 and 18: 00 hours. 

Concentrate feed was provided between 07: 30 and 08: 30 (breakfast), between 

12: 00 and 13: 00 (lunch) and between 16: 30 and 17: 30 hours (dinner). Prior to the 

test, concentrate feed comprised either pellets or a concentrate mix, with 

mollassed chaff added at every meal, sugar beet added in two meals and water 

added in the third. The energy density and weight given varied according to 

the weight and condition of the horse. The approximate energy intake from 

concentrate feeds was calculated from manufacturer's details and used as the 

individual's energy requirement, to ensure potential for continuity of energy 

intake for each horse. 

Z2.2: Feeding Schedule 

Two diet formulations were used: a relatively low energy pellet (L - estimated 

D. E. - 9.3MJ/kg), and a higher energy pellet (H - estimated D. E. -11.3 MJ/kg, 

Appendix B). The diets were produced to the same formula as in Chapters 3,4 

and 5. Mint and garlic (Dodson & Horrell, Kettering, UK) were used as flavour 
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cues and approximately 15ml of flavour were added as required. Weighed 

quantities of water and mollassed chaff (Dengi HiFi, Essex) were added, in 

proportion to the weight of pellets, (4 parts pellets: 3 parts water: 1 part 

mollassed chaff). 

The weight of the higher energy diet required to meet energy requirements was 

calculated for each horse and this was used as the weight of higher or lower 

energy pellets presented in each bucket. In the trial reported in Chapter 3, 

breakfast and dinner were larger than lunch. In this trial, all meals were equal 

in weight to reduce variation between meals. Horses were rested for at least 1.5 

hours after feeding. In Chapter 3, horses were fed only two meals during rest 

periods, as opposed to three on work days. This was to reduce the possibility of 

a problem due to horses becoming difficult to handle following excess energy 

intake, during periods of low energy expenditure and also to avoid metabolic 

disorders, as discussed in Chapter 3. In this trial, to minimise differences 

between rest and work days, three meals were fed everyday, but the quantity 

was reduced to 75% on rest days. This corresponds to the estimated difference 

between intense work and moderate work (National Research Council, 1989) 

and is similar to the reduction caused by missing a meal in the trial reported in 

Chapter 3. 

At each meal the horses were offered a choice of a higher energy feed (H) or a 

lower energy feed (L). The diets were placed in identical buckets, except for a 

small tag to identify which contained the higher energy diet. Group A received 

mint with the higher energy feed and garlic with the lower. Horses in Group B 

were exposed to garlic with the higher and mint with the lower energy. 

Immediately prior to feeding the temperature in the yard was recorded. 

During preference testing in previous trials (Chapters 2-5), horses were found 

to have an average intake rate of approximately 0.25 kg/min. This value was 

used to calculate the time required for each horse to consume its allocated 

allowance. In the first meal, the horses were allowed to feed for their 
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individually calculated time before the buckets were removed. The intake rate 

in that meal was then calculated for each horse and this was used to assign a 

feeding time for future meals. This value was re-calculated after six meals, 

using the average intake rate over those meals. This procedure was necessary to 

ensure that horses were allowed enough time to feed in order to maintain 

weight, but not enough to suffer health problems from over-consumption. 

Z2.3: Exercise schedule 

Two experimental sessions were conducted per day, morning and afternoon, 

each lasting 4.5 hours. On weekdays, horses were exercised for 0-3 hours in 

each session, with a maximum of 3 hours in any one day. Exercise was mainly 

walking, trotting and cantering, but there was some variation in activities 

carried out and competence and weight of rider. Horses were fed towards the 

end of the session, at approximately 15 minutes, 1 hour or 2 hours post exercise. 

On weekends, horses were allowed light activity, in the morning session, 

consisting of either 1 hour field access or 15 minutes light lunging, in walk and 

trot. They were rested in their individual stalls during the afternoon weekend 

sessions. 

The trial lasted for six weeks, with the first week running from Tuesday to 

Sunday. All other weeks ran from Monday to Sunday. The first week was 

shorter due to problems with feed delivery, but provided 12 meals, before the 

first rest period. Based, on the results of the previous trials reported, this period 

of twelve meals would have allowed some formation of associations between 

flavours and consequences. 

7.3: Data analysis 

Statistical analysis was carried out using MINITAB 12.1 (Minitab Inc. 1998). 

Preference for the higher energy diet was calculated as the intake of higher 

energy as a proportion of total intake (pHigh). Preference for the mint was also 
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calculated as intake of the mint flavoured diet as a proportion of total intake 

(pMint). 

Data were coded as horse, group, sex (mare or gelding), treatment (work or 

rest), week (1,2... 6), hours-exercised (hours of exercise in the 4 hours prior to 

feeding) and time-since-exercised (approximate time between exercise and 

feeding). 

Kolmogorov-Smirnov tests were used to compare pHigh data for each group, 

each treatment and each week, to the normal distribution. No data set differed 

significantly from the normal distribution. 

In order to investigate the association of the cue flavours with energy densities, 

pMint in the first and last weeks were compared for each group using t-tests. It 

was expected that if the horses showed an initial preference for mint as in the 

experiment reported in Chapter 3 and if the horses formed associations between 

the flavour and post-ingestive consequences, then the horses in Group B (who 

were exposed to mint with lower energy) would show a decrease in preference 

over the course of the trial, as they switch their selection to the higher energy. In 

order to reduce the risk of type I errors only P-values of less than 0.01 were 

considered significant. 

One horse was removed due to lameness in the first week and was replaced by 

Bul in the second week, therefore Bul was only tested for 5 weeks. Cal was 

removed due to lameness after 2 weeks and 3 days. Sat was removed due to 

lameness at the end of the fourth week. As a result a repeated measures 

ANOVA with treatment and week as within-horse factors could not be carried 

out with all the horses data. Therefore a repeated measures ANOVA with 
horse as a random factor, group as a between-horse factor and treatment as a 

within-horse factor was carried out using the pHigh data from all horses and a 

repeated measures ANOVA with horse as a random factor, group as a between- 

horse factor and treatment and week as within-horse factors was carried out 

using the pHigh data from the remaining 9 horses who were tested for 6 weeks. 
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Data for pHigh at lunch and dinner in the work treatment were analysed to 

investigate the effect of time-since-exercised using a repeated measures 

ANOVA with horse as a random factor, group as a between-horse factor and 

time-since-exercised as a within-horse factor. 

Data for pHigh at lunch and dinner in the work treatment were also analysed to 

investigate the effect of hours-exercised using a repeated measures ANOVA 

with horse as a random factor, group as a between-horse factor and hours- 

exercised as a within-horse factor. 

Spearman's correlations were used to test for a correlation between ambient 

temperature at time of feeding and pHigh for work and rest. Spearman 

correlations were also carried out to test for correlations between ambient 

temperature and pHigh for each horse. 

7.4: Results 

Group A showed no change in pMint from the first to sixth week. While Group 

B, exposed to mint with the lower energy, showed a decrease in pMint from the 

first to the sixth week (by T=3.17, P<0.01 Fig 33). 

Mean preference for higher energy was greater on work days (0.553 ± 0.007) 

than rest days (0.531 ± 0.010, F1,12.7s =4.59, P=0.052)and there was no interaction 

between groups and treatment (Table 22). 
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33: 
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change 

in 

mean pMint 
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of 
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flavoured diet 
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week one until week 

6. 

Group A 
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between 
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energy. 
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mint with 
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and garlic with 
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Table 
22 
- Analysis 
of variance output 
for 
pHigh, 

by Minitab 
12.1 
(1998). 

Horse 
was a random factor. Horses 

were given a choice 
between a 

higher energy and a lower 
energy 

diet, 
3 times 

a 
day. Horses 

were exercised on a schedule of 5 
days 
exercise to 

two 
days rest 

(treatment: 
rest or exercise). 

Groups differed in 
the 

flavour of 
the 

diets. x 
-the F-test is 

synthesised because it 
could not be calculated exactly 

by Minitab in 
a 

mixed model 
Source DF Seq SS Adj SS Adj MS FP 

Group 1 17.8 9.4 9.4 0.00 0.959 
x Horse(Group) 10 44527.1 36305.0 3630.5 13.40 0.000 Treatment 1 1188.0 1298.4 

1298.4 4.59 0.052 
x 

Group* Treatment 1 16.3 126.4 126.4 0.45 0.516 
x 

Treatment *Horse(Group) 10 2710.3 2710.3 271.0 0.65 0.775 Error 1294 543151.4 543151.4 419.7 Total 1317 591610.9 145 



When 
the 

data for 
the 

9 horses 

who were 
tested 
for 

six weeks was analysed, there 

was no effect of 

treatment 
(F1,7.07=3.18, 

P=0.117, Table 23) 
and no 

interaction between 
treatment 

and week 

(F5,35.35=1.49, P=0.217 Fig 34) 

Table 
23 

- Analysis 
of variance output 

for pHigh 
for 
9 

horses over 
6 

weeks 
in Chapter 

7, 
by Minitab 

12.1(1998) using adjusted 
SS. Horse 

was a random 
factor. 

Horses 

were given a choice 

between 

a 

higher 

energy 

diet 
and a 

lower 
energy 

diet 
3 

times 

per 
day. Horses 

were exercised on a schedule of 5 
days 

exercise 
to two 

days 

rest 

(treatment: 

rest or exercise), repeated over six weeks. 

Groups 
differed in 

the 

flavour 
of 

the 

diets. 
x 

-the F-test is 
synthesised 

because it 
could not 

be 
calculated exactly 
by 
Minitab in 

a 

mixed model 
Source DF Seq SS Adj SS Adj 

MS FP 
Group 1 606.5 773.9 773.9 0.31 0.597 

x 

Horse(Group) 7 23859.2 17734.4 2533.5 8.71 0.005 

x 
Treatment 1 771.3 633.1 633.1 3.18 0.117 

x 
Group*Treatment 

1 129.4 91.2 91.2 0.46 0.520 

x 

Treatment*Horse(Group) 7 1439.1 1389.6 198.5 0.72 0.653 

x 
Week 5 1887.8 2631.6 526.3 1.44 0.236 

x 
Group*Week 
5 4032.1 2955.2 591.0 1.61 0.182 

x 

Week*Horse(Group) 

35 14621.6 12829.5 366.6 1.34 0.197 Treatment*Week 5 2153.6 2049.6 409.9 1.49 0.217 

x 
Group*Treatment*Week 
5 819.1 821.5 164.3 0.60 0.701 

x 
Treatment*Week*Horse(Group) 

35 9591.0 9591.0 274.0 0.70 0.902 Error 981 382111.8 382111.8 389.5 Total 
1088 442022.6 
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Week Figure 
34: 
Mean 

pHigh 
(intake 

of 
the higher energy 

diet, 
as a proportion of total 

meal 
intake), 

± s. e. on rest days 
and work 

days for 
each week. 

9 
horses were engaged 
in 

1-3 
hours exercise per day (work) 
or no exercise 
(rest) 

on a 
schedule of 5 
days 

work 
to 2 
days 

rest 
in 

each week. 
They 
were given a choice of a 
higher energy 
diet or a lower energy diet, 

3 times 
per day. There 

were no significant correlations 
between 

preference and ambient temperature. 

There 
were no significant 

differences 

in 

pHigh predictable 

from 
time-since- 

exercised 

(F3,597=1.04 P=0.385, Fig 35) 
or 
hours-exercised (F3,38 37=1.04 P=0.385, Fig 36). 
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hours Figure 
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pHigh 
(intake 

of 
the higher 

energy 
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meal 
intake) 

± s. e. on work days 
with differing 

time-since-exercised. 
Horses 
were 
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in 
1-3 

hours 
exercise per 
day. They 
were given a choice of a 

higher 
energy diet or a lower energy diet. Choices 

were given either 15 mins, ihour or 2 
hours 
after feeding. If horses were not exercised 
in 
a session 

the 
choice was given over 2 

hours after exercise, 
typically 

over 4 
hours. 148 
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Mean 

pHigh 
(intake 

of 

the 
higher 
energy 

diet, 
as a proportion of total 

meal 
intake) 

± 
s. e. on works 

days 
with 

differing hours 
of exercise 
in the 

period 
before 

testing. They 
were given a choice of a higher 

energy diet or a lower energy diet. 
Horses 
were 
exercised 

for 
o, 1,2 or 3 
hours within 
the 4 

hours prior 
to the 

choice 
test. 
149 



7.5: Discussion 

7.5.1 : Association of cue flavours and post-ingestive consequences 

In Chapter 3, horses initially showed a preference for mint but when exposed to 

a choice of mint with lower energy, a shift away from mint preference was 

evident. It was suggested that this was as a result of associations being formed 

between the flavours leading to a change in selection towards the flavour 

associated with the higher energy. It was thought that in this trial, those horses 

who were exposed to mint with the lower energy (Group B) would show a shift 

away from higher energy. The shift in preference shown by Group B, from 

weeks 1 to 6, suggests that association of the higher energy and flavour had 

occurred and so the selection had changed from one based on flavour to one 
based on the post-ingestive consequences of the diets. 

7.5.2 : The e ect of workload on choice 

The significance of an effect of workload on choice was borderline at P=0.052, 

with higher proportion of the higher energy diet being consumed on work days 

than on rest days. This is in accordance with the hypothesis that preference for 

the higher energy should increase on work days, when energy expenditure is 

likely to be greater. This is also consistent with the drop in preference for garlic 
flavoured higher energy by Group A during two days without work in the trial 

reported in Chapter 3. It would also seem to be in agreement with some studies 

on humans that found increased intake energy intake with increased activity, 
(Mayer et al., 1956; King et al., 1997) although close comparisons cannot be 

made due to differences in protocol. However, the results are in contrast to 

those found in Chapter 6, therefore further investigations are required. 

When only the 9 horses, who were tested for 6 weeks, were tested with week as 

an additional factor, the effect of workload was no longer significant. This 

might suggest that with a larger group of horses, a greater effect may be seen. 
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Although, there were individual differences in preference, there were no 

significant interactions between exercise-treatment and horse or exercise- 

treatment and group, showing that there were no observable differences in the 

pattern of responding, by different individuals, to the changing workloads. 

7.5.3 : Other factors which mall influence selection 

An effect of temperature on feed intake has been shown in pigs (Whittemore et 

al., 2001), but in this study no effect of temperature was seen. However, in the 

study by Whittemore et al. (2001) temperature was controlled. In this trial, 

temperature varied naturally throughout the day and between days, and other 
factors such as exercise were also changing. Therefore any effect of temperature 

may have been obscured by other factors. 

The preference for the higher energy in this trial, did not appear to be as strong 

as in Chapter 3. The overall mean preference for higher energy in this trial was 
0.55 ± 0.006, compared to 0.67 ± 0.011 in the trial reported in Chapter 3. The 

reason for this is not clear, but one possible reason is that energy requirements 

were over-estimated in this trial, to ensure horses maintained weight during 

colder weather as this trial took place from the end of winter into spring (mid 

February to early April). In contrast to the trial in Chapter 3, which took place 
from Spring into Summer, (mid March to late May). 

Although there were no significant differences between weeks and no 
interaction between weeks and treatment, visual inspection of the data (Fig 34) 

suggested an increase in pHigh on the rest days of week 5. This coincided with 

some disturbances to the horses' daily management: some horses had to be 

moved to new stables to allow essential maintenance to be carried out, the 

Sunday also saw the start of British Summertime and due to the clock change, 
horses were effectively fed an hour early; a behaviour trial was also being 

conducted on the yard, which required some other horses to be fed 6 times 

during the day. It is possible that these changes disrupted the horses' feeding 
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motivation and behaviour and indicate areas that may be worth further 

investigation, for example: 

1. The effect of unfamiliar surroundings on selection by the horse: 

It has been shown, that animals' feeding patterns differ in unfamiliar 
locations. For example, Wiepkema (1971) found changes in feeding 

behaviour of rats when they were placed in unfamiliar locations. The rats 

showed longer intervals between feeding within the first meal, 

consumed in the strange cage. During these intervals, the rats engaged in 

more exploratory behaviours. In Chapter 2, it was suggested that the 

number of changes and latency to sample have an effect on the 

preference shown within a meal. Therefore, if a horse's behaviour was 

being directed away from the feed during the course of a meal this could 

lead to differences in sampling behaviour and hence in the overall 

preference shown. This could result in the preference being 

unrepresentative of the animal's needs or likes. Being in an unfamiliar 

location may also have increased arousal and hence, levels of 

glucocorticoid. Glucocorticoids have been implicated in diet selection, 

with the effects varying depending on the levels circulating, (Harris et 

al., 2000). 

2. The effect of social contact on selection by the horse: 

Another factor of the change in stables was a change in social contact, 

which was increased for some of the horses and decreased for one. It has 

been shown that social factors can influence preference (Marinier and 

Alexander, 1995) and time horses spend feeding (Sweeting et al., 1985). 

Therefore, social contact may also have influenced feeding behaviour 

and consequently selection in this trial and further investigation may be 

useful to determine the importance of social contact. 

3. The effect of exposure to external cues relating to feeding on selection by 

the horse: 
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During the rest days of week 5, a behavioural trial was being conducted 

on the yard and consequently, other horses were being fed at unusual 

times. It has been shown that external cues such as the sight of food can 

influence feeding motivation in humans (Fedoroff et al., 1997). 

Therefore, the sight of food, as it was delivered to other horses may have 

had an effect on feeding motivation and consequently selection and 

therefore may be worth further investigation. 

There were no significant effects of time-since-exercised or hours-exercised 

although there was a slight tendency for preference for the higher energy to 

decrease, with increasing hours of exercise (Fig 36), and also with decreasing 

time between exercise and feeding (Fig 35). However, these variables could not 

be controlled closely in this trial, therefore a significant effect may be seen in a 

more controlled study and the slight tendencies, which were evident here, 

suggest that the variables are worth further investigation. The effects of the 

number of hours exercised and the length of time between exercise and feeding, 

although not significant, may have been influenced by changes in plasma 

variables, following exercise. Pagan and Harris (1999) found changes in plasma 

variables such as insulin, glucose and cortisol during and after exercise, 

including an increase in plasma insulin following exercise. Administering 

insulin into the arcuate nucleus has also been shown to decrease fat intake by 

rats (van Dijk et al., 1997). The higher energy diet used in this trial was also a 
higher fat diet than the lower energy diet. Therefore if the insulin levels were 

comparatively high when the horses were exposed to the choice, selection away 
from the high fat, higher energy diet may be expected, as was similarly found 

following exercise in Chapter 5. Miller et al., (1994) also found reduced fat 

selection in exercised rats. This may explain the slightly lower preference for 

higher energy, when horses were fed 15 minutes after exercise. However, there 

was too much variation in exercise schedule (i. e. combinations of hours of 

exercise and time between exercise and feeding) from meal to meal in this trial, 
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for these factors to be properly assessed. This meant that there were not enough 

repetitions of different schedules to allow full analysis. Further experimentation 

with more control over schedules of exercise, would provide more information 

regarding the effect of exercise on selection. In addition, measuring blood 

variables, immediately before exposing to the choice test, would also provide 

useful information regarding the mechanisms of selection. 

7.6: Conclusions 

The results are consistent with the observations from Chapter 3, that exercise 

affects selection, with a shift away from the higher energy during periods of 

lower energy expenditure. However, they are inconsistent with the reduction 

in pHigh following lungeing in Chapter 6. The slight changes in preference 

according to the time between exercise and feeding and the hours of exercise, 

also seem to be consistent with the speculation that differences in the protocol 

and level of exercise in the trials reported in Chapters 3 and 6 led to the 

inconsistent results. 
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Chapter 8: Discussion of conclusions regarding the feeding 
behaviour and diet selection of the domestic horse 

8.1: Summary of information gathered and questions raised 

This study sought to investigate feeding behaviour and selection of horses 

exposed to concentrate feed of differing flavours and nutrient contents and in 

different situations. Firstly behaviour was studied in a simple choice test and 

then factors which may lead to changes in selection, such as previous 

experience, the nutrient content of the diets and the level of exercise undertaken 

prior to testing were investigated (Fig. 37). These investigations provided 

information on: 

V the suitability of the simple choice test 

V sampling behaviour in a simple choice test 

V the ability to associate orosensory characteristics with post-ingestive 

consequences 

V the persistence of preferences and the effects of previous experience 

V the effect of exercise on selection 

V other factors which may influence selection 

This chapter will provide a summary of the information found through this 

study and draw together the conclusions and implications of the different trials 

carried out. 
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Figure 37: Summary of the questions addressed in this study (steps) and 
the questions raised from their results. 
Some of these questions were investigated in following tests. The links between the 
tests carried out are illustrated. Other questions that were raised but have not yet been 

answered are also shown. The key is as follows: 

Step i: When given a choice between two identical options, do horses select 

equally between the options, as would be expected using the 0.5: 0.5- 

assumption? (Identical-choice-tests, Chapter 2) 

Results :a When the horses have no immediate previous experience of the 

testing procedure, they sample equally, so the 0.5: 0.5 assuption 

can be accepted. 

b When the horses have previously been exposed to a choice with 

a different flavour on one side, the choice of some horses 

appears to be affected by previously formed associations 
between flavour and position. 

Qi. i : How does previous experience affect behaviour in a choice 
test? - See steps 5,6 and 8 (Chapter 3) 

Qi. z : How long do associations between flavour and position 

persist? 

Step 2: When presented with two buckets in a choice test, do horses sample 
both buckets? (Mint-or-garlic-choice-tests, Chapter 2) 

Results :a When first exposed to the choice testing procedure horses 

sampled both buckets, with the second bucket being sampled 

early on in the test. 

b Subsequent to experience of the testing procedure with flavours 

remaining in position for at least six meals, less sampling 

appeared to occur. 

Qz. i : What other situations might affect sampling behaviour? - 
See Step ii (Chapter 5) 
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Step 3: When presented with diets not differing in energy density but with 
distinctive cue flavours of mint and garlic, will the horses show a 

preference? (Initial-iso-energetic test, Chapter 3) 

Results :a9 out of 12 horses showed a preference significantly different 

from 0.5 for the mint flavoured diet. 

Q3. i : In what situations might preference for a flavour change? 

- See Steps 4-8 (Chapter 3); Steps il (Chapter 5). 

Step 4: When the energy density associated with the cue flavours is changed 

so that the more preferred flavour is lower in energy, will preference 

change to increase intake of the higher energy diet with the lesser 

preferred flavour? (Higher-or-lower-1 test, Chapter 3) 

Results :a Horses who were exposed to mint paired with the lower energy 
diet (Group A) showed a decrease in preference for mint. 

Q4. i : Have the horses built an association between the flavours 

and the associated energy densities? - See step 5 (Iso- 

energetic-2 test, Chapter 3) 

Q_4-2: Is the higher energy intrinsically more palatable, leading 

to a preference for the higher energy irrespective of the 

associated cue flavour? - See steps 9 and io (Chapter 4) 

Incidental result : Horses showed a decrease in preference for the higher 

energy during two days during which they were not 

required to do structured exercise. 

Q4.3 : Does exercise affect selection between diets differing in 

energy density? - See step 12 (Chapter 6); step 13 
(Chapter 7) 

Step 5: When presented with a choice between the cue flavours in diets not 
differing in nutrient composition, will the horses select the flavour 

associated with the higher energy diet or will the horses show a 

preference for the flavours comparable to that shown on first 
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exposure to the flavours in diets not differing in nutrient 

composition? (Iso-energetic-2 test, Chapter 3) 

Results :a Those horses (Group A) who had previously been exposed to 

mint paired with lower energy, now showed a lower preference 
for mint than they showed on first exposure to the flavours, 

when there was no difference in nutrient composition. 

b Those horses (Group B) who had previously been exposed to 

mint paired with higher energy, now showed a preference for 

mint comparable to that shown in the first exposure but less 

that that shown when mint was associated with higher energy. 

QS. I : With continued exposure to a choice between the cue 
flavours in diets not differing in energy density, will the 

associations formed become extinguished? - See step 6 

(Iso-energetic-3, Chapter 3) 

Step 6: When the cue flavours are presented in diets not differing in energy 
density over several repetitions, will both groups show a return to a 

preference comparable to that shown in the initial-iso-energetic test? 

(Iso-energetic-3 test, Chapter 3) 

Results :a Those horses, who had mint paired with lower energy during 

higher-or-lower-i (Group A), continued to show a lower 

preference for mint than shown in initial-iso-energetic 

b Those horses, who had mint paired with higher energy during 

higher-or-lower-i (Group B), continued to show a preference for 

mint comparable to that shown in the first exposure but less 

that that shown in higher-or-lower-i . 

c Neither group showed a significant preference for either 
flavour. 

Q6. i : Can the horses learn a reversal of flavour-energy pairings? 

- See step 7 (Higher-or-lower-2 test, Chapter 3) 
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Q6. z : Do the horses use a strategy of equal selection of diets 

which do not differ in energy content, in a changeable 

environment? -See step 8 (Iso-energetic-4 test, Chapter 3) 

Step 7: When the flavour-energy pairings are reversed (so that Group A has 

higher energy paired with mint and Group B has lower energy paired 

with initially preferred flavour mint) will horses show a preference 
for the flavour associated with the higher energy? (Higher-or-lower-2 

test, Chapter 3) 

Results :a Group A showed a preference for mint (paired with higher 

energy). 

b Group B showed a preference for garlic (paired with higher 

energy). 

Step 8: When the cue flavours are again presented, in diets not differing in 

energy density, will the horses: continue to show a preference for the 

flavour associated with higher energy in the previous test; revert to a 

preference comparable to their initial preference; or show no 

preference for either flavour? (Iso-energetic-4 test, Chapter 3) 

Results :a Neither group showed a preference for either flavour. 

Step 9: When presented with a choice between the higher and lower energy 
diets, both containing the same cue flavour, will the horse show no 

preference, as would be expected if the addition of a cue flavour 

masked any intrinsic characteristics of the test diets and so prevented 
discrimination between the diets? (Same-flavour test, Chapter 4) 

Results :a No horse showed a preference significantly different to 0.5 (the 

no-preference value) for either diet. 

Step io : When presented with a choice between the higher or lower energy 
diets, with neither option flavoured, will the horses show no 

preference, as would be expected if the horses could not discriminate 

between the diets or if one was not intrinsically more palatable than 

the other? (No-flavour test, Chapter 4) 
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Results :a The majority of the horses did not show a preference 

significantly different to 0.5 (the no-preference value) for either 
diet. 

Incidental result : The two horses who showed a preference for the higher 

energy diet had been exercised prior to testing. 

Qio. i : Does exercise affect the gustatory responsiveness of 
horses? 

Qio. z : Does metabolic state affect speed of learning, with regard 
to forming associations between flavour and nutrients? 

Step ii : Does exercise prior to testing affect the behaviour within a choice test 

and thereby influence preference? (Chapter 5) 

Results :a There were no apparent effects of exercise on behaviour within 
the choice test or on preference for cue flavours. 

Qii. i : Did the level of exercise used in this trial affect metabolic 
state at time of feeding? 

Qii. z : Would a higher level of exercise than used in this trial, 

affect behaviour within a choice test? 

Q-11-3: If a cost was imposed on sampling, would this affect 
behaviour and would exercise then further affect 
behaviour 

Step 12 : Does exercise prior to testing affect selection between a higher and 
lower energy diet? (Chapter 6) 

Results :a Horses showed a lower preference for the higher energy food 
following exercise. 

Qiz. i : How did the daily management and exercise schedules 
influence these results and the results from higher-or- 
lower-1 in Chapter 3? - See step 13 (Chapter 7) 
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Step z3 : Does exercise on day of testing affect selection between a higher and 

a lower energy diet? Is this influenced by the amount of exercise and 
the time between exercise and feeding? (Chapter 7) 

Results :a Preference for the higher energy diet was less on days when 
horses were rested (P=o. o52). 

Q-13-1: How do levels of blood parameters, (e. g. glucose, insulin, 

amino acids) at time of feeding, affect selection? 

Q-13-2: How do weather conditions affect selection? 

Q-13-3: How do unfamiliar surroundings affect selection? 

Q-13-4: How do changes in social contact affect selection? 

Q-13-5: How do external cues relating to feeding affect 

motivation to feed and selection? 

Q-13.6: How do disruptions of schedule affect feeding motivation 

and selection? 

8.1.1: Suitability of the simple choice test 

Simple choice tests are based on the assumption that when an animal has no 

preference, approximately equal quantities of each will be eaten, and so 

preference (as a proportion of total intake) will be around 0.5 for each (Hegsted 

et al., 1956; Waterhouse and Fritsch, 1967). Horses showed a preference not 

differing from 0.5 when they were presented with two identical options, with 

no recent experience of a choice test (Pre-exposure-identical, Chapter 2). 

However, they showed a preference for one significantly different to 0.5 when 

again provided with two identical options, but after experience of a different 

flavour on each side for 6 meals (Post-exposure-identical, Chapter 2). This 

suggested that previous experience in choice tests might have a significant 
influence on selection. Therefore, a period without experimentation should be 
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given prior to a new choice. However, more experimentation is required into 

the effect of previous experience on choice and into the persistence of any 

associations formed relating to the choices. 

Provided that consideration was given to the previous experience of horses and 

the length of test required, it was thought that a simple choice test was suitable 

for use in this study, and that the information gathered could be used in the 

development of preference testing procedures. 

8.1.2 : Sampling of options in a choice test 

Horses sampled both options in every meal in the first test (Pre-exposure- 

identical) of Chapter 2, when they were presented with a choice of two identical 

options. However, during the subsequent 3 tests, experience seemed to affect 

their sampling behaviour. One horse showed a significant decrease in the 

number of changes between options (no-of-changes), during the four choice 

tests of Chapter 2, while some others showed smaller, non-significant decreases 

in no-of-changes. Half of the horses showed significant changes in the time 

spent with the first option before sampling the second (latency) during the four 

tests. With 3 of these showing an increase in latency and 1 showing a decrease 

in latency. This again, indicates that previous experience can influence 

behaviour within a choice test. This implies the need for a period without 

testing between different choices tests, or alternatively, the test should be 

repeated on several occasions. More than six repetitions are required (Chapter 

2), but further testing is necessary to determine the optimum number of 

repetitions. 

In Chapter 4, horses were given a choice between diets, formulated to be 

similar in taste but with differences in energy density (No-flavour test), and did 

not seem to discriminate between the options. Within a meal they tended to 

select a bucket at random, leading to no preference over several meals and a bi- 

modal distribution of preference. Therefore, it should not be assumed that a 
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horse will sample both options within a single meal. This provides further 

support for the use of several repetitions. 

In the no-flavour test of Chapter 4, the bimodal distribution might suggest that 

a different strategy was used to select a bucket within a meal, than was used in 

the pre-exposure-identical test of Chapter 2, where the distribution did not 
differ significantly from a normal distribution. In the no-flavour test they often 

selected one bucket within the test, whereas in the pre-exposure-identical test, 

they more often ate a similar amount from both buckets within a meal. The 

reason for the difference in strategy is not clear. Possible explanations include: 

" Neither strategy is more advantageous than the other and there are 

individual differences in the strategy adopted by horses. 

" Environmental and social factors differed between tests and influenced 

selection of a bucket. For example, in the pre-exposure test, horses could 

see another horse eating, but this was not possible in the no-flavour test. 

" Internal factors differed between tests and influenced selection. The daily 

management and exercise of the horses differed between tests, this may 
have led to differences in feeding motivation which affected sampling 
behaviour. The hypothesis that exercise prior to testing, influenced 

sampling behaviour was tested in Chapter 5. No evidence was found to 

suggest that exercise affects sampling behaviour, however, the influence of 

metabolic state or harder exercise can not be ruled out following this study 

alone. 

There are still many questions unanswered which would provide more 
information on the behaviour of horses when exposed to a choice test. Possible 

investigations include: 

Repetition of the trial reported in Chapter 2, with a larger group of horses 

and more flavours, to investigate individual differences in selection 

strategy 
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" Repetition of the pre-exposure-identical test, with differing levels of social 
facilitation (e. g. no other horses visible, a horse on one side, a horse on both 

sides, a horse in front), to investigate social factors and answer questions 

such as : do sampling strategies differ in isolated horses; are horses more 
likely to consume a diet located close to a companion? 

" Repetition of the pre-exposure-identical, with changes to the environment 

such as positioning of resources, to investigate environmental influences on 

strategy. 

" Repetition of the pre-exposure-identical over a longer time period to 

investigate possible relationships between strategy and uncontrollable 

environmental influences such as weather. 

" Repetition of the trial reported in Chapter 5, with differing levels of 

exercise to further investigate effects of exercise on strategy 

" Repetition of the trial reported in Chapter 5, with blood profiles taken prior 

to testing, to investigate possible relationships between strategy and 

internal factors such as blood glucose level. 

Such investigations would allow more accurate interpretation of preferences. 

8.1.3 : Abilitii to associate orosensory characteristics with post-ingestive consequences 

When presented with a choice between options differing in nutrient 

composition and flavour, horses initially seemed to select a diet based on the 

orosensory characteristics (Higher-or-lower-1, Chapter 3; week 1, Chapter 7). 

However, after several meals selection changed, with an increase in 

proportional intake of the higher energy diet. This is consistent with the 

hypothesis that horses could form associations between orosensory 

characteristics and the post-ingestive consequences and so change their 

selection towards the more appropriate diet. 
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It may be argued that the higher energy diets were more palatable than the 

lower energy diets. If this was the case and the increased preference for the 

garlic flavoured higher energy diet (Higher-or-lower-1, Chapter 3) was based 

on the intrinsic properties of the higher energy diets rather than association of 

garlic with positive post-ingestive consequences, then it would be expected that 

preference for garlic flavoured basal feed would be unchanged from that shown 

in the Initial-iso-energetic test (Chapter 3). However, in Iso-energetic-2 (Chapter 

3) preference for the garlic flavoured basal diet was greater than in the Initial- 

iso-energetic test. It could be argued that this was due to flavour-flavour 

learning, where a neutral flavour is paired with a preferred flavour and the 

neutral flavour then becomes preferred in the absence of the preferred flavour 

(Sclafani, 1997). However, other evidence also appears to be more consistent 

with a change based on the post-ingestive consequences: 

1. The gradual change in preference towards the higher energy is more 

consistent with a change based on prolonged experience of the 

consequences, than selection based on the immediate cues of taste and 

texture. A selection for the higher energy would be expected to be 

evident within a few meals, if horses chose higher energy because it was 

more palatable. 

2. When the horses were given a choice between the diets with no 
flavouring added, most of the horses did not show a preference for one 
diet over the other, (no-flavour test, Chapter 4). This would suggest that 

the higher energy was not more palatable, and so provides support for 

selection based on post-ingestive consequences. 

3. In the trials reported in Chapters 3 and 6, discriminatory cue flavours 

were added to the different diets. It is likely that these flavours masked 

the intrinsic flavours of the diets as, when the same flavour was added to 

both the higher and the lower energy diets, no horse showed a 

preference for one over the other, (Same-flavour test, Chapter 4). 
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Therefore, any differences in palatability between the higher and lower 

energy diets, were likely to be masked by the mint and garlic added. 

4. Horses showed a change in their relative preferences for the diets 

following exercise (Chapters 6 and 7), but a change in preference 

following exercise was not seen when the diets did not differ in nutrient 

content (Chapter 5). This might suggest that the change in preference 

following exercise was related to differences in the nutrient contents of 

the diets, as opposed to their flavours. This would seem to be consistent 

with horses building associations between orosensory characteristics and 

post-ingestive consequences, and basing their selection on the energy 

contents of their diets and their physiological state. 

The evidence from this study suggests that horses can form associations 

between the orosensory characteristics of a food (e. g. taste, smell, texture) and 

the post-ingestive consequences (e. g. amount of energy or protein gained). The 

consequences used to build associations are not clear and may involve a 

combination. However, it would be interesting to investigate the relative 

effectiveness of different nutrients in conditioning preferences. 

8.1.4: Persistence of preferences and effects of previous experience 

In Chapter 2, the need for investigation into the effects of previous experience 

and into the persistence of preferences and learned associations relating to the 

options (e. g. associations of position and flavour) were highlighted. In 

subsequent trials in this study, investigations of changes in preference ( which 

may have related to experience and persistence) were carried out. 

Horses appeared to be able to identify nutrient differences between options and 

change their selection in a relatively short period of time (within 10 meals in 

Higher-or-lower-1, Chapter 3), provided the two diets have discriminatory 

orosensory characteristics. It seems likely that their choice was based on the 

formation of associations between flavour and post-ingestive consequences. The 
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persistence of these associations was difficult to measure as the horses did not 

seem to return to their original preference in the absence of reinforcement of 
flavour with higher energy. They did, however, show a smaller, decrease in 

preference for the flavour that had previously been paired with higher energy 
(Isoenergetic-3 and Iso-energetic-4, Chapter 3). Instead of returning to their 

original preference, they seemed to select a strategy of equal sampling and so 

showed a preference for neither flavour (preference in the range 0.4-0.6). This 

may have been a strategy aimed at sampling the alternatives in a changeable 

environment (as suggested by Pyke, 1984), in order to quickly identify food 

sources with greater nutrient content. 

The results suggest that horses will readily change their preferences in response 

to nutritional changes and energy needs, but the exact cues that cause a change 

are not known. Further investigation of the rules governing changes in selection 

of diets would be useful. For example, increasing or decreasing the energy 

content of only one option may give information on whether they are moving 

away from a diet that has decreased in energy density or moving towards a diet 

that is increasing in energy. In addition, persistence of preferences in the 

absence of nutritional differences could be investigated further. 

8.1.5 : Effect of exercise on selection 

In Chapter 3 (Higher-or-lower-1), there was a suggestion that horses shifted 

their preference towards the lower energy diet during periods of rest, when 

energy expenditure and hence requirements decreased. This suggestion was 

supported by the results of Chapter 7, where preference for the higher energy 

was greater on work days than on rest days, with horses on a schedule of 5 days 

exercise to 2 days rest. However, the opposite results were found in Chapter 6, 

where a higher preference for the lower energy diet was found on work days in 

comparison to rest days. There were many differences between the protocols of 
Chapter 6 and those of Chapters 3 and 7, which may have contributed to the 

contradictory results. Some or all of the following may be relevant: 
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1. In Chapter 7, the horses were feeding in a closed economy, so they were 

tested both during recovery from exercise and following recovery, and 

the net result was to increase intake of the higher energy on the days 

when they were exercised. However, in Chapter 6, only selection 1 hour 

after exercise was assessed, so selection may have been influenced by 

recovery phase factors, i. e. the fluctuations of chemicals necessary to 

mobilise nutrient stores. The horses then had the opportunity to graze 

but the energy intake from grazing was not assessed. 

The onset of exercise causes the body to respond by changing secretion 

rates of different chemicals. For example, plasma protein has been shown 

to increase during exercise in horses (Danielsen et al., 1995; Pagan, 1999) 

as have free fatty acids (Ess(! n-Gustavsson et al., 1991), and cortisol 

(Rodiek et al., 1991; Pagan, 1999). In human studies, 

adrenocorticotrophic hormone (ACTH), ß-endorphin growth hormone 

and prolactin were also raised during intensive exercise (De Vries et al., 

2000). Many of these chemicals are also implicated in feeding, but during 

exercise and recovery, their primary function is likely to be to enable the 

body to cope with exercise. Subsequent to recovery, when their levels 

have stabilised, they may provide the body with information concerning 

the energy stores remaining or depleted. Dual functions for some 

hormones have been shown. For example, insulin is involved in the 

uptake of glucose and amino acids by muscles, during exercise. When 

insulin is administered in doses causing a lowering of blood glucose, 

increased feeding (hyperphagia) occurs (LeMagnen, 1992). However, 

insulin also acts as an adiposity signal: circulating levels of insulin are 

proportionate to body fat, and in the long term increased levels of insulin 

will result in suppression of food intake, (Bray, 2000; Schwartz et al., 

2000). Therefore, it may be that in the period of recovery from exercise, 

feeding behaviour is influenced by the physiological response to 

exercise, such as changes in blood glucose. Then, following recovery, the 
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levels of chemical messengers will stabilise to provide information on 

energy expenditure, allowing the animal to make up any deficit, by 

triggering an increase in energy intake. This would mean that exercise 

would have a differing effect on feeding at different times post-exercise 

and as the time of feeding in comparison to exercise differed between 

trials, this may in part explain the differences in results. 

2. During the trial of Chapter 6 (carried out in summer), the horses were 

exposed to the choice test approximately 1 hour after exercise, then had 

free access to grass for the rest of the day and throughout the night. This 

meant that they had the opportunity to adapt to the differing energy 

expenditures whilst in the field. Whereas, in the trial reported in Chapter 

7 (carried out in late winter-early spring), the horses were fed 

concentrate feed 3 times a day and had negligible access to grass 
(approximately 1 hour on 1 rest day per week). Therefore, the horses 

may have compensated for the energy expenditure during grazing as 

opposed to during the choice test in Chapter 6. 

3. The differences in season, as well as affecting the nutritional quality of 

supplemental grass, may have influenced the horses' behaviour and so 

affected feeding motivation and selection. (Duncan, 1992) found 

variations in time budgets as the seasons changed, with more time spent 
feeding at the end of winter than summer. This is likely to relate to the 

changing nutrient content of food, but may also be influenced by the 

weather, or hours of sunlight and consequent fluctuations in hormone 

levels. For example, prolactin, which has been associated with increasing 

food intake (Bray, 2000) has been found to increase in summer (Johnson 

1986; Thompson et al., 1986). This means that the feeding motivation of 
the horses, and so their selection, may have differed between the two 

trials. 
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The most important differences between protocols that led to the differing 

results are not clear, therefore further experimentation is required into the 

effects of exercise and other factors which may influence selection. 

8.1.6: Other factors which maaffect choice 

In this study, several other factors were highlighted which may have influenced 

the horse's selection and may be worth further investigation: 

1. Sex and reproductive state : In 1 trials (Chapter 4), there appeared to be a 
difference in selection between sexes. This may be worth further 

investigation, along with investigation of choice at different stages of the 

reproductive cycle, and throughout pregnancy and lactation. Duncan 

(1992) found that stallions tended to spend less time feeding and 

consumed a lower quality diet than mares, during the breeding season. 

However, little is known about the differences between mares and 

geldings. In a study by Hussein et al., (2002) metabolism was shown to 

be altered by castration, with castrated male rabbits having lower serum 

protein and mineral levels and higher serum lipid levels. They 

hypothesised that castration caused decreased protein synthesis. It is 

likely that such changes lead to altered feeding patterns. This may be 

worth investigation in the horse and may partly explain a difference in 

selection by geldings and mares. Diet selection of stallions is also worthy 

of investigation. 

There is also little known about the differences in diet selection of a mare 

at different stages of her reproductive cycle. Changes in reproductive 
hormones such as oestrogen, progesterone, follicle stimulating hormone 

and prolactin occur throughout the reproductive cycle. These may also 
have an affect on feeding behaviour. For example, levels of prolactin rise 
towards the end of pregnancy (Worthy et al., 1987). An increase in the 
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level of circulating prolactin is thought to lead to an increase in food 

intake (Bray, 2000). 

2. "Stress" : It was suggested that horses may have been placed under stress 

as a result of being placed in unfamiliar stalls during the course of the 

trial reported in Chapter 7. Results of experimental studies to assess the 

effects of stress on feeding have been inconsistent, with incidences of 
both increased food intake (hyperphagia) and decreased food intake 

(hypophagia) (Oliver et al., 2000). The reasons put forward to explain 

such inconsistencies include individual differences in response to 

stressors and differences in the levels of stressors, with mild stressors 

causing hypophagia and more severe stressors causing hyperphagia, 

(Oliver et al., 2000). The effects of different stressors on food intake and 

selection would be worthy of investigation in the horse. 

3. Temperature and weather : Temperature alone was not correlated with 

choice in Chapter 7, but together with weather conditions may have 

contributed to the variability of preference. Duncan (1992) found no 

correlation between the time spent feeding and environmental 

conditions (humidity, wind speed, rainfall, temperature) during autumn 

and winter, in Camargue horses. However, these were free ranging 
horses, who may have had the opportunity to move to a more sheltered 

area to graze. In this study the horses were confined to boxes so, 

although they were provided with some shelter, this may not have been 

sufficient and they had limited ability to avoid any unfavourable 

conditions to which they were exposed. This lack of control in such 

conditions may also have caused sufficient stress to affect feeding 

behaviour. In the study by Duncan, values for temperature were not 

given, therefore it is also possible that conditions were milder than 

occurred in the present study and so less likely to affect behaviour. 
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4. Social Influence : The horse as a social animal is affected by the presence 

and behaviour of conspecifics. For example, feeding behaviour may be 

initiated by the sight of another horse feeding, (Sweeting et al., 1985) 

and presence and movements of conspecifics may also influence the area 

that an animal chooses to feed in, (Roguet et al., 1998). In addition, social 

interaction may aid the direction of feeding behaviour towards a novel 
foodstuff, (Nicol, 1995). Social influence on selection has also been 

demonstrated in rats (Galef and Whiskin, 1997; Galef and Whiskin, 1998). 

It was not investigated in this study but may have been a contributory 

factor to selection, worthy of further investigation. 

8.2: Implications 

The results of this study suggest that horses have the ability to learn about the 

post-ingestive consequences of food and alter their selection as requirements 

change, when presented with a diet quite different to that which they have 

evolved to utilise. 

Domestic horses are often given reduced feeding if they are rested for a day or 

more, in order to reduce the risk of metabolic disturbances. In Chapter 7, even 

with reduced feeding on rest days, they selected less of the higher energy. This 

might suggest that excess intake of the higher energy diet has negative effects 

and may indicate that a change in feeding practice for horses during rest days is 

required. For example, a reduction in the energy density of the food may be 

preferable on rest days, as opposed to simply feeding them less. 

In this study, total food intake was limited therefore, to increase energy intake it 

was necessary to switch selection. However, given the opportunity horses may 

choose to simply increase their selection of the lower energy diet. It would be 

useful to assess the horse's preference if food was ad libitum, to determine if 

horses would increase their intake of the lower energy diet to meet energy 
demands, rather than switching to a more concentrated food. In this study, it 
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was not possible to do this, due to concerns for the horse's health if it should 

overeat. However, as the results of this study suggest that the horse's natural 

controls of feeding can adapt to a concentrate diet, we may be able to allow the 

horse some control over its own feeding, with less worry of ill health resulting, 
i. e. the horses could be introduced to gradually increasing amounts of food 

until they began to regulate their own intake. In this study, they seemed to be 

able to alter their selection in line with workload, which may suggest that 

excessive concentrate is aversive and that the horses can learn to limit their 

intake. Assessment of the horse's preferred means of ensuring sufficient energy 

intake, may also allow testing of the hypothesis that providing more of a lower 

concentrated diet is better for horse's welfare than feeding of highly 

concentrated feeds. 

However, a decrease in preference of the higher energy was seen following 

lungeing in Chapter 6. The reasons for this are unclear and further investigation 

is required and consideration must be given to the availability of food post- 

exercise and whether or not horses could compensate by increasing energy 

intake later. 

Although horses may be able to adapt their feeding behaviour in response to 

concentrate foods, there may be implications for other behaviours that require 

assessment. For example, some neurotransmitters and hormones, such as 

serotonin and cortisol, have been implicated in both feeding control and in 

behaviour. If feeding of concentrate leads to differing levels or larger 

fluctuations in these chemicals, this may result in changes in behaviour, such as 

a change in the frequency of stereotypic behaviours or aggressive displays. For 

example, the feeding of hay does not result in the same glycaemic response as 

does the feeding of grain (Pagan and Harris, 1999; Pagan et al., 2001). This is 

likely to have an effect on amino acid uptake into the brain and may hence 

affect levels of brain neurotransmitters such as serotonin (Fernstrom and 

Wurtman, 1971a; Fernstrom and Wurtman, 1971b; Fernstrom and Wurtman, 
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1972; Wurtman et al., 1983). Low levels of tryptophan and hence serotonin 
have been associated with increased aggression (Braverman et al., 1997). This 

might suggest that horses would show less aggression following a grain feed 

than a hay feed, but such effects of feeding need further researching. In 

addition, levels of other nutrients have also been associated with behaviour, e. g. 

fatty acid supplementation is thought to reduce the stress response (Schmidt, 

1997). The effects of different foods on behaviour would be an interesting and 

useful area of research, which may have many implications for management, 

training and welfare. 

In this study, absolute preferences for one diet were rarely seen, suggesting that 

the horses may have preferred some variety. This may be worth further 

investigation. For example, to determine if the horse would work to gain access 

to a variety of foods. This may be carried out by providing the horse with a 

choice of two chambers, each containing food of a different flavour (after some 

preliminary training with ad libitum feeding and the experimental set-up). A 

cost could be imposed on gaining access to a chamber (e. g. pressing a lever a 

certain number of times) but the horse could then eat as much as he wanted. 

The horse would then have the choice of eating only one food or working 
further to gain access to a second. The costs imposed could also be altered. If 

horses valued variety, it might be expected that they would work to gain access 

to both options, when the cost of gaining access is low, but as the cost increases, 

they may select only one. This would allow assessment of how much the horses 

value variety and may also be further developed to allow comparison between 

the preferences for individual diets. 

8.3: Conclusions 

This study has highlighted some interesting features of feeding behaviour and 
diet selection in the horse including: 
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" the ability of the horse to build associations between the characteristics of 
food and their nutritional consequences when presented with two 

concentrate diets 

" the ability of the horse to select the most nutritious option when presented 

with two concentrate diets 

" the potential ability of the horse to limit its energy intake by selecting a less 

nutritious option in times of lower energy expenditure 

Although these features may seem to be necessary for the survival of any 

animal, they are remarkable in that the concentrate diets given are very 

different from the diets that horses have evolved to utilise and provide the 

horses with different products of digestion. The higher and lower energy diets 

differed mainly in fat content, but as a grazer it might be expected that the 

horse would be unaccustomed to processing information on, and regulating fat 

intake. However, the results of this study suggest otherwise. In addition, it is 

unlikely that free-ranging horses are subjected to similar metabolic challenges 

as the working domestic horse, who may be subjected to substantial changes in 

workload, and hence in energy expenditure, from one day to the next. 

Therefore, it may be expected that the horse would be unaccustomed to altering 

its intake in line with these substantial changes. However, the results of this 

study suggest that the horse could adapt its selection rapidly, although this 

does need further investigation. 

This study has also raised many more questions relating to feeding of the 

domestic horse, providing a number of potential areas for further study. The 

horse may be able to adapt its behaviour appropriately when provided with a 

choice of concentrate feeds, but information is still required on the physiological 

mechanisms and their behavioural control mechanisms 
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Appendix A: Information 
on 

horses used in 
the 

stud- Table 
24 

- Details for the horses 
used 

in the trials 
reported in 

each chapter M- Mare G- Gelding 
A- Assigned to Group A in that trial 

B- Assigned to 
Group B in 

that trial 
(See 

chapter 

for details) 

BI - Block 
during 

which 
horse 

was 
tested 
C- Test horse 

was exposed 
to: NF - No-flavour test 

: 
Horses 
were exposed 

to 
diets differing in nutrient 

composition, neither of which 
had 

a cue 
flavour 
added 

S- Same-flavour 
test 

: 

Horse 

was exposed 
to 

diets differing in 

nutrient 

composition. 
The 

cue 
flavour 

of mint was added 

to 
both diets 
Chapter Horse's Name 

Sex Date 
of 

Birth 
2 3 4 5 6 7 B1 C Bal m 1992 1 NF Ba2 G 1982 B B A 

Ba3 G 1988 2 S 3 NF 

Bel 

m 1990 1 S 

Be2 

M 1986 
A Be3 G 1987 A 
Bi l 

G 1990 A B 4 NF 

Bo l G 1987 
A 

Brl m 1995 q 
I 



Chapter 

Horse's 
Name Sex 

Date of 
Birth 2 3 4 5 6 7 

BI C 

Bul G 1984 B B B A 

Cal G 1988 A A 

C11 M 1986 B 

Crl G 1995 4 NF 

Cr2 G B 

Cr3 G 1980 A A A 

Dal M 1987 1 NF 

Dol M 1994 2 NF 

3 S 

Fol G 1982 B A B B 

Gil G 1984 B 

Hol M 1990 1 S 

Jal G 1986 A 

Jel G 1989 B A A B 

Jol G 1985 A 4 S 

Otl G 1985 4 NF 

Rel G 1987 A 

II 



Chapter 

Horse's 
Name 

Sex 
Date of 
Birth 

2 3 4 5 6 7 

BI C 

Rol G 1985 B B B B B 

Sal G 1987 B A A 

Sa2 G 1994 B 

Sa3 G 1988 B 

SO G 1982 A A A 

Stl G 1985 A A B 

Sul G 1993 4 S 

Tol G 1990 A B 

Wel m 1990 1 S 

2 NF 

Wil G 1987 B 

Wi2 G 1993 4 S 

III 



Appendix B: Nutritional information for 
the 

diets used Table 
25 
- Nutritional information for 

the 
diet 
used 

in the 
identical-choice and mint-or-garlic-choice 

tests (Chapter 
2). Winergy Balanced EnergyTM (Pedigree Masterfoods, Leicestershire) Protein 

% 

12 Fat 

%8 
Crude fibre 

O/ O 
11 

Ash % 7.5 

Table 
26 

- Nutritional 
information for 

the 
diets used in 

the 
experiments 
reported in Chapters 

3,4,5 and 
6. Formulated 

and supplied 
by Pedigree Masterfoods, Leicestershire. Higher Energy Lower Energy 

Protein % 10.7 12.4 
Fat 

% 
3.3 7.4 Crude 

fibre 

% 12.1 

10.8 

NDF % 36.1 22.3 

Moisture 
% 10.9 2.3 

Ash 

% 8.2 7.5 
IV 



Table 

27 
- Nutritional 
information for 

additional 

food. 

Mollassed 
chaff 
(Dengie® HiFi, Dengi Crops 

Ltd, Essex) 

was added 

to the test 

diets. 
Haylage (High Fibre Horsehage, Marksway Horsehage®, Devon) 

was 
fed 

separately 

to meet maintenance requirements of stabled 
horses. 

n. g. 

- information 
not supplied 

by 
manufacturers 

Chaff Haylage 
Protein 

% 
10 7-10 

Oil 

% 

1.5 

n. g. 

Fibre 

% 

3.4 30-42 

Ash 

°/O 
9 

n. g. 

V 



Appendix C: Pilot investigation 

Introduction 

When designing choice tests, it is necessary to give the horses more food than 

required to ensure that they do not consume all the food presented and to set a 

time limit on how long they are exposed to the choice. Due to concerns for the 

health of the horse, it was felt necessary to limit the intake and restrict exposure 

to a short period. For the horses used in this study, daily feed was normally 

split into 2 or 3 meals. It was decided that during choice tests horses should be 

allowed to eat approximately the same amount as they would normally be 

offered in a meal. Therefore, to determine the length of exposure for each meal, 

it was necessary to determine a mean intake rate and hence calculate the 

amount of time required. 

Materials and Methods 

The subjects were six adult Thoroughbred geldings and four adult 
Thoroughbred females, resident at De Montfort University Equestrian Centre. 

The horses were given weighed quantities of either Winergy Balanced Energy TM 

(Pedigree Masterfoods, Leicestershire) or Quiet PencilsTM (Allen and Page, 

Norfolk), with sugar beet and mollassed chaff (Dengie® HiFi, Dengi Crops Ltd, 

Essex) added. Feeding time started at approximately 09: 00. Horses were fed one 

at a time to allow continuous observations. The time taken from the horse's 

head first entering the bucket until no food was visible was recorded and used 
to calculated intake rate. 

Part A 

Horses were fed unflavoured food on 3 occasions. 
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Part B 

Horses were observed on a fourth occasion following addition of approximately 
10mis of garlic powder (Dodson and Horrell, Kettering) to the feed. 

Results 

Part A 

The intake rates ranged from 0.08-0.5 kg/min (Table 28) with an overall mean 

of 0.23 kg/min ± 0.015. 

The individuals' mean rates ranged from 0.14-0.30 (Fig 38) 

Table 28 - Intake rates for horses in part A of the pilot investigation 

Horse Weight of Rate (kg/min) Mean s. e. 
food 

1 2 3 rate 

1 1.5 0.15 0.13 0.13 0.23 0.012 

2 1.4 0.28 0.19 0.24 0.21 0.066 

3 1.2 0.24 0.08 0.3 0.30 0.099 

4 1.3 0.29 0.18 0.32 0.24 0.026 

5 1.2 0.2 0.19 0.2 0.29 0.069 

6 1.5 0.21 0.25 0.22 0.22 0.058 

7 1.3 0.22 0.19 0.5 0.20 0.003 

8 1.3 0.33 0.21 0.13 0.26 0.043 

9 1.3 0.43 0.24 0.21 0.21 0.019 

10 1.1 0.22 0.23 0.17 0.14 0.007 
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Horse Figure 
38: 
Mean 

intake 
rates and s. e. for horses in part 

A 
of 
the 
pilot investigation. Horses 

were 
fed 

an unflavoured 
feed 

on 3 occasions. Part B 
The 

horses failed 

to 

consume 

all of 

the 

garlic 

flavoured 

food. 

Discussion 

The horses 

were variable 

in 
their 

feeding 
rates, 

therefore 
it 

was 
decided 

that 

an 

overall mean was not appropriate 

to 

use 
during 

choice 

tests 

as 

this 

may result 

in 
some 

horses 
over-eating and some under-eating. 
The horses failed 

to 
consume all of 

the 

garlic 
flavoured food. Their 

reluctance 
to 

eat 

suggests 

that the 
level 

of garlic given 

was sufficient 
for 

the 
horses 

to 
detect. 

However, 

the 

horses 
used 

in 
this 

study were all out of work and so were on a 
low 

level 

of 

feeding. If 

horses 
were 

in 

work and 

had larger feeds, 
this 

level 

of 

garlic 
addition may not 

be 
sufficient. 

Therefore it 
was proposed 

that 

15mis 
should 
be 

used. 
This is 
consistent with 

the 

dosage 

instructions 

supplied with 
the 

garlic. 
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Conclusion 

The length of exposure of horses to a preference test must be determined on an 

individual basis in order to regulate intake. It was thought that 15mis of 

flavouring would be suitable to allow identification of flavouring by the horses. 
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Appendix D: Examples of statistics used 

Normality Kolmogorov-Smirnoff Tests 
were used 

to 

compare 
data 

to 

a normal 
distribution 

(Fig 39). Where 
the 
P 

value exceeded 

0.05, 
the 

null 

hypothesis 
that 
distribution 

did 
not 
differ from 
the 

normal 
distribution 

was accepted. 
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Figure 
39: 

Example 
of a 
Kolmogorov-Smirnoff test 

output as generated 
by Minitab (Minitab Inc. 
1998). Combined data for Groups A 

and 
B 

for 
the Pre-exposure-identical 

test 
were used. X 



Divergence from expected preference of 0.5: 

The deviation of the actual preference from the expected value of 0.5 was 

calculated by subtracting proportional preference from 0.5 (e. g. 0.5-pLeft). 

Wilcoxon s rank analyses were used to test the null hypothesis that there were 

no differences between the actual preferences shown and the expected 0.5, (Fig 

40). Where P<0.05, the null hypothesis that the median divergence of preference 

from 0.5 is equal to 0, and hence preference does not differ from 0.5, is rejected. 

Wilcoxon Signed Rank Test 

Test of median = 0.000000 versus median not = 0.000000 

N for Wilcoxon Estimated 
N Test Statistic P Median 

Jol 66 19.0 0.093 13.50 
Tol 66 17.0 0.208 21.00 
Bil 667.0 0.529 -3.000 
Cal 66 21.0 0.036 44.50 
Sa3 660.0 0.036 -22.00 
Gil 660.0 0.036 -36.00 
Rol 660.0 0.036 -40.00 
Fol 666.0 0.402 -16.50 

Figure 4o: Example of the output from a Wilcoxon's test as generated by 

Minitab (Minitab Inc. 1998) used to compare the median of o. 5-pLeft (the 

difference between preference in a meal and the no-preference value of 

0.5) to 0. 
Data from mint-or-garlic-2 (Chapter 2) was used. 

Non-parametric test for comparing groups of data 

Kruskall-Wallis tests were carried out in Chapter 2 to compare the no-of- 

changes shown by individuals at each test (Fig 41). Where P<0.05, the null 

hypothesis that there were no differences between tests for no-of-changes was 

rejected. 
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Kruskal-Wallis Test 

Kruskal-Wallis Test on Cal 

Choice N Median Ave Rank z 
164.500 18.3 2.33 
261.500 11.2 -0.53 
361.000 10.8 -0.67 
461.000 9.7 -1.13 
Overall 24 12.5 

H=5.59 DF =3P_0.133 
H=5.87 DF =3P=0.118 (adjusted for ties) 

Figure 41: Example of the output from a Kruskal-Wallis test, as generated 
by Minitab (Minitab Inc. 1998), used to compare the median no-of-changes 
in each test of Chapter 2 for one horse (Cal). 

Parametric test for comparing groups of data 

General-linear model ANOVAs were carried out to compare data sets, where 

data could be divided in more than 2 ways. Where P<0.05 the null hypothesis 

that there were no differences between data sets was rejected. 
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Appendix E: Examples of energy requirements for 
some exercise activities 

Table 29 - Digestible energy requirements for maintenance and some 

exercise activities. 
Based on National Research Counil 1989, adapted from Frape, D. (1998) Equine 

Nutrition and Feeding, 2 edn. Blackwell Science, Oxford, p 177. 
Figures given are in megajoules of digestible energy 

Body Weight 

200 kg 400 kg 600 kg 

Maintenance per day 31 56 81 

Walking (1 hour) 0.4 0.8 1.3 

Slow trotting, some cantering (1 hour) 4.2 8.4 12.5 

Fast trotting, cantering, some jumping (1 hour) 10.5 20.9 31.4 

Cantering, galloping, jumping (1 hour) 25.0 50.0 75 

Strenuous effort, racing, polo, (1 hour) 36.0 72.0 108 
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