Chapter 2
Hunger Associated with Restricted Feeding
Systems

Bert J. Tolkamp and Rick B. D’Eath

Abstract Hunger and satiety are normally alternating animal states that determine
feeding patterns in animals with free access to food. However, chronic hunger can
result if access to food is restricted deliberately over long periods. Such systems of
quantitative food restriction are widely applied during rearing and/or the dry period
in some animals, such as broiler breeders and sows, to avoid the negative health and
welfare consequences of ad libitum feeding in animals destined for breeding.
Quantitative restriction is associated with signs of hunger such as increased feeding
motivation, activity, and stereotypic behaviour. An alternative approach to restrict
energy intake is to provide food of a reduced quality. The benefits of these
alternative diets for animal welfares are controversial: some researchers conclude
that they result in more normal feeding behaviour, promote satiety, and thus
improve animal welfare; others argue that ‘metabolic hunger’ remains irrespective
of how the restriction of energy intake is achieved. These disagreements between
researchers are a result of differences in (1) assumptions about what determines
feeding behaviour and controls food intake, (2) the assessment of the value of the
different methodologies that have been used to measure animal hunger, and (3) the
weighting placed on ‘naturalness’ of behaviour as a determinant of welfare. Some
problems associated with commonly-used behavioural and physiological measures
of hunger are discussed. The development of welfare-friendly feeding systems for
broiler breeders and sows would benefit greatly from a better understanding of the
controls of food intake and from better methodologies to measure animal hunger.

2.1 Introduction

In many farming systems (fast-growing pigs or beef bulls, and lactating dairy
cows), high intakes of food (i.e. energy and nutrients) are beneficial because
these allow the achievement of high performance levels. However, in other farm
animals (such as dry cows, sows or ewes, and broiler breeders during rearing and
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lay), as well as in many pets, zoo animals, and even humans, high-energy intakes
associated with the ad libitum intake of high-quality diets can have very detrimental
effects on health and welfare (Schwitzer and Kaumanns 2001; Gough 2005; Stubbs
and Tolkamp 2006; D’Eath et al. 2009). High-energy intake in such animals is
associated with extensive lipid deposition and (associated) lowered fertility, ascites,
lameness, heart problems, diabetes, metabolic diseases, etc. (Hocking and White-
head 1990; Aviagen 2001; Mench 2002). The only way to avoid these health and
welfare problems is to apply feeding systems that deliberately prevent the sustained
daily consumption of large amounts of energy. Animals in several of these systems
are assumed to be chronically hungry, which is a considerable welfare concern
(D’Eath et al. 2009). In addition, restricted access to food (sometimes complete
withdrawal of food for up to 1 or 2 weeks) is still practised in some countries to
induce moulting in laying hens (Bell 2003). The practice is considered particularly
detrimental for animal welfare (Webster 2003) and is therefore not applied at all in
some countries, such as the UK (‘In no circumstances may birds be induced to
moult by withholding feed and water’; Defra 2002: 11). Alternative methods,
frequently relying on the supply of low-quality poultry food (such as alfalfa;
McReynolds et al. 2009) or with specific nutrient imbalances (such as excessive
zinc; Park et al. 2004), may achieve the same goals and help combat disease (such
as Salmonella infections), as well as addressing the welfare concern caused by
hunger associated with food withdrawal (Aygun and Yetisir 2009; Howard
et al. 2012). For that reason, the emphasis here will be on hunger associated with
feeding systems of sows and poultry breeders. Questions are discussed relating to
normal feeding behaviour, the nature of hunger, possible ways of measuring it, the
type of feeding systems that are thought to be associated with hunger, and possible
ways of alleviating the welfare problems associated with quantitative food
restriction.

2.2 What Is Hunger?

Feeding is amongst the most natural of all animal behaviours as it has a profound
effect on the survival of the individual and its reproductive success, i.e. its evolu-
tionary fitness. Normal feeding behaviour of an animal with continuous access to
food shows a typical temporal structure of feeding bouts (frequently called meals)
separated by nonfeeding intervals (Tolkamp et al. 2011). It is generally assumed
that animals end a meal when they are satiated (Metz 1975; Le Magnen 1985;
Forbes 1995; Zorrilla et al. 2005). As a result, the probability is very low of animals
starting a meal shortly after finishing one. With the passing of time, however,
satiety wears off and the gradually increasing feeding motivation or hunger will
systematically increase the probability of animals starting a meal. Similarly, an
animal starting a meal is assumed to be hungry, whilst the increasing amount of
food consumed during the meal will gradually decrease hunger and increase
satiation, thereby increasing the probability of animals ending the meal (Tolkamp
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Fig. 2.1 (a) Probability of broilers ending a meal before consuming another gram of food (Pq) in
relation to the amount of food already consumed; (b) the probability of broilers starting a meal
(Pgary) in relation to the time since the last meal; (¢) the frequency distribution of meal size; (d) the
frequency distribution of the length of between-meal intervals. Re-drawn after data presented by
Howie et al. (2009a) and Tolkamp et al. (2011)

et al. 2011). Figure 2.1 illustrates these principles and their consequences for the
distribution of meal size and between-meal interval length for broiler chickens.
Similar relationships can be found for other species, including pigs, cows, ducks,
turkeys, rats, and dolphin calves (Tolkamp et al. 2011). This illustrates the fact that
‘hunger’ can be considered as a natural motivational state that leads to feeding
behaviour, and hunger has, therefore, been seen as one of the ‘most basic, primitive,
and unremitting of all motivating forces’ (Webster 1995). Patterns of normal
feeding behaviour as characterized in Fig. 2.1 occur in semi-wild (dolphin calves;
Tolkamp et al. 2011) as well as domesticated animals and seem to be virtually
unaffected by genetic selection for productive traits in intensively selected farm
animals, such as broiler chickens (Howie et al. 2009b; Tolkamp et al. 2011, 2012).
These findings contradict the view that animals from genetic lines that have been
intensively selected for productive traits are in a constant state of hunger, even
when fed ad libitum (Burkhart et al. 1983; Bokkers et al. 2004).

For this reason, it may appear odd that ‘freedom from hunger and thirst’ features
high in the ‘Five Freedoms’ that form part of most codes of recommendation for
animal welfare (FAWC 1992; AWAC 1994). It is obvious that the term ‘hunger’
can have very different connotations in different contexts (for a brief discussion of
thirst, see Kyriazakis and Tolkamp 2011). On the one hand, feeding might never
occur unless an animal experiences hunger as a (short-term) motivational state that
will result in a search for, and consumption of, food. On the other hand, hunger can
also be defined (as in this chapter) as a ‘negative subjective state of an animal that is
chronically undernourished’ (D’Eath et al. 2009). In this definition, the longer term
is emphasized because (1) it differentiates clearly from the (appetitive) hunger
associated with control of short-term feeding behaviour, and (2) chronic restriction
has a larger effect on feeding motivation than acute deprivation (Savory et al. 1993;
Ferguson and Paule 1995, 1997; Bokkers et al. 2004). The term ‘undernourished’
can refer to energy as well as nutrient supply; restricted feeding regimes are,
however, almost invariably aimed at restricting energy intake and the term will
be interpreted here in that sense. The definition emphasizes animals’ subjective
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states because these are a critical component of animal welfare (Dawkins 1990;
Duncan 1993; Fraser and Duncan 1998; Fraser et al. 1997), even though these may
not always be easily measured.

2.2.1 Measurement of Hunger in Relation to Quantitative
Food Restriction

There are three broad types of indicators of hunger (including the stress associated
with it) that have been used to evaluate hunger in relation to quantitative restriction
of access to food: (1) (changes in) observed behaviour, (2) physiological indicators,
and (3) specific behavioural tests. These have been reviewed extensively by D’Eath
et al. (2009) and are briefly summarized and updated here.

Behavioural Indicators of Stress Associated with Hunger The feeding motiva-
tion of animals subjected to quantitative food restriction is usually very high. Any
food made available is consumed immediately and various behaviours occur after
feeding ends that are thought to be a result of unsatisfied feeding motivation
(D’Eath et al. 2009). Quantitative restriction generally results in an increase in
behaviours relating to foraging (Epling and Pierce 1988; Dewasmes et al. 1989;
Koubi et al. 1991; Weed et al. 1997) and in overall activity (indicated by reduced
resting; Savory and Lariviere 2000; Hocking 2004). These are generally redirected
oral behaviours, such as spot-pecking by boiler breeders (Sandilands et al. 2005,
2006; Nielsen et al. 2011), and chain or bar chewing and rooting in substrate by
sows (Appleby and Lawrence 1987). The drinker can also be targeted and excessive
drinking or water spillage occurs frequently in feed-restricted animals (Rushen
1984; Sandilands et al. 2005). These redirected oral behaviours can become ste-
reotypic (i.e. repetitive and unvarying whilst not serving an immediately obvious
function; Mason and Latham 2004). Stereotypic behaviour generally increases with
the level of food restriction in chickens (Savory et al. 1996) and pigs (Brouns
et al. 1994; Bergeron et al. 2000). Such stereotypies represent the expression of
foraging behaviour, modified by the physical constraints of the environment (Law-
rence and Terlouw 1993). In summary, the behavioural effects of quantitative
restriction are largely agreed upon by different researchers and there is almost
universal agreement that these behavioural effects indicate that quantitative restric-
tion results in hunger (D’Eath et al. 2009).

2.2.2 Physiological Indicators of Stress Associated
with Hunger

Some indicators of feeding and stress physiology have been used extensively by
researchers that investigated hunger in broiler breeders and sows and the most
relevant are briefly reviewed here.
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Plasma Cortisol or Corticosterone Concentration Measures of stress physio-
logy such as glucocorticoids [Plasma Cortisol or Corticosterone Concentration
(PCC)] and other measures of hypothalamic—pituitary—adrenal axis (HPA) func-
tioning are widely used in animal welfare [reviewed in Mormede et al. (2007)].
PCC is probably the most widely used indicator of stress associated with chronic
hunger in broilers and sows (D’Eath et al. 2009). Although PCC may seem an ideal
indicator of stress at first sight, there are a number of interpretational problems
(D’Eath et al. 2009; see also discussion below). There is, in addition, an issue
related to the use of PCC as an indicator of hunger that was raised by D’Eath
et al. (2009) but has been analysed only superficially before (Kyriazakis and
Tolkamp 2011). In some studies (Hocking et al. 1996; Kubikova et al. 2001; de
Jong et al. 2003), PCC is recorded in birds of a given age subjected to different
nutritional treatments (frequently ranging from severe restriction to ad libitum).
Such studies generally show that PCC at a given age is higher in birds with more
restricted access to food than birds with more liberal (or ad libitum) access to food.
This has been interpreted as evidence for higher stress levels associated with
restricted feeding regimes, at least at severe restriction levels (de Jong
et al. 2003). The differential feeding regimes in these studies had, however, also
strong effects on the daily amount of energy and nutrients available to the birds for
body weight gain and, therefore, on the weight that was attained at the age when
PCC was measured (with higher weights always associated with more liberal feed
supply). The consequences are that there seems to be a strong relationship between
bird body weight and PCC in these studies (see Fig. 2.2). That raises the question
whether the variation in PCC in these studies was caused by variation in levels of
stress associated with feeding level or (partly at least) by variation in body weight
per se. Doubt about the validity of PCC as an indicator of hunger is reinforced by
data obtained in studies in which PCC has been recorded repeatedly (i.e. at different
ages) in birds subjected to the same feeding regime. Such studies suggest that body
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Fig. 2.2 Plasma corticosterone concentration (PCC) against group mean body weight during
rearing in broiler breeders aged 7 weeks (c¢), 12 weeks (a), or 13 weeks (b), and turkeys aged
5 weeks (d). Feeding treatments were high-quality food, fed either ad libitum (large filled circle)
or in restricted amounts, i.e. close to commercial recommendations (square), other levels of
restriction (triangles), or low-protein food fed ad libitum (small filled circle). Drawn lines are
the best fitting linear plus quadratic [as suggested by Hocking et al. (1996)] or linear regression
lines of group mean PCC on group mean body weight
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Fig. 2.3 Relationship between body weight and plasma corticosterone concentration (PCC) in
broiler breeders (fop panels) and turkeys (bottom panels) with continuous ad libitum access to
high-quality food. Drawn lines are the best fitting linear plus quadratic regression lines of group
mean PCC on group mean body weight [as suggested by Hocking et al. (1996)]

weight in itself has a considerable effect on PCC in ad libitum-fed as well as
restricted animals (Kyriazakis and Tolkamp 2011). Figure 2.3 shows examples of
the observed relationship between PCC and body weight in five studies in which all
birds were fed ad libitum. Most graphs show that, in ad libitum-fed birds, PCC
initially declined fast with increasing age and body weight, but in some studies
subsequently stabilized (or even slightly increased again) at higher body weights.
This decline in PCC is unlikely to be associated with a decrease in hunger with age
or body weight because in these studies all birds were fed ad libitum throughout.

Other Physiological Indicators of Hunger-Related Stress Ratios of white blood
cells [the frequently analysed heterophil-to-lymphocyte ratio (HLR)] are a common
method of animal welfare assessment, including stress related to hunger, especially
in broiler breeders. Some of the criticism applied to PCC also applies to this
indicator and it is therefore hardly surprising that the results are confusing
(D’Eath et al. 2009). Different studies find that HLR increases, stays the same, or
decreases in response to different levels of quantitative restriction (D’Eath
et al. 2009). A similar confused picture emerged for both poultry and pigs when
other immune markers were evaluated, and we concluded that these are not reliable
indicators of hunger (D’Eath et al. 2009).
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The concentrations of several plasma nutrients, metabolites, and hormones (such
as glucose, nonesterified fatty acids, beta-hydroxybutyrate, insulin, etc.) or their
ratios have been measured as alternative indicators of chronic hunger in feed-
restricted animals (de Jong et al. 2003, 2005; Nielsen et al. 2011). As discussed
by D’Eath et al. (2009), the concentrations of such substances usually vary through-
out the day (also in response to variation in meal patterns) and are intimately linked
with energy supply and/or energy status of the animal, which make them less
suitable as indicators of hunger as it is experienced by the animal. More recent
attempts to quantify hunger is the measurement of gene expression for peptides
such as neuropeptide Y or Agouti-related protein (AGRP), the latter sometimes
being referred to as the ‘hunger peptide’. Although there is strong evidence that
expression of such genes is related to levels of feed restriction (Boswell et al. 1999;
Dunn et al. 2012), the evidence that this is related to animals’ subjective state is at
present not entirely convincing. There are, therefore, in our view, at present no clear
physiological indicators of hunger as a result of quantitative feed restriction. This is
a serious limitation for those interested in quantifying the seriousness of hunger
states associated with various forms of energy intake restrictions as currently
practised in animal farming.

2.2.3 Specific Behavioural Tests of Feeding Motivation
to Evaluate Hunger

In the absence of unequivocal clear physiological indicators, tests of feeding
motivation seem a valuable tool in the assessment of hunger because feeding
motivation is expected to reflect directly the animal’s own subjective state of
hunger (Dawkins 1990). There are a number of types of test that have been used
to measure feeding motivation as an indicator of hunger, and below is an updated
summary of the detailed review by D’Eath et al. (2009).

2.2.3.1 Feeding Rate and Compensatory Feed Intake

Although increasing levels of food deprivation usually increase short-term feeding
rate, there are considerable problems associated with the interpretation of such tests
(D’Eath et al. 2009). There is the question of when to test (relative to normal
feeding time in the restricted treatments) and the problem that animals subjected to
feed restriction are accustomed to feeding very fast, especially when there is
competition with conspecifics (Nielsen 1999). Decisions that are made to overcome
these problems may make treatment comparisons rather arbitrary (Sandilands
et al. 2005), especially when different food qualities are tested (D Eath et al. 2009).
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2.2.3.2 Operant Responding

Operant conditioning for a food reward is an effective way of measuring feeding
motivation, as the ratio of cost (lever pressing) to reward (food) can be altered by
the experimenter. The method has been validated for quantitative restriction, and
increasing restriction generally results in increasing feeding motivation (D’Eath
et al. 2009). The method is, however, problematic when comparing treatments with
access to different food qualities (see below).

2.2.3.3 Choice Testing and Conditioned Place Preference or Aversion
Testing

Recently, attempts have been made to quantify hunger associated with restricted
feeding practices with the aid of choice and Conditioned Place Preference (CPP) or
Conditioned Place Aversion (CPA) testing. Buckley et al. (2011) used a Y-maze
paradigm in which food-restricted broilers could choose between differently
coloured arms of a Y-maze to obtain a small or large food reward. The original
hypothesis (i.e. the more severe the food restriction and resulting hunger, the sooner
the birds would learn the task) was proven false, however, as the most severely
restricted birds were least likely to complete the test successfully. The authors
concluded that severe food restriction may limit the birds’ ability to learn and that,
as a result, the test could not quantify the seriousness of the hunger associated with
different restriction levels. Other methods such as CPP and CPA can be useful tools
in animal welfare assessment because they allow measurement of the reinforcing
properties of a stimulus in extinction. Dixon et al. (2011) used CPP/CPA techniques
in a series of experiments with broiler breeders to determine the best methodology
for establishing CPP/CPA. The experiments showed, however, a number of meth-
odological issues (especially strong preferences for environments birds were not
housed in immediately before the test) that restricted the suitability of these tests for
the quantitative welfare assessment of chronically food-restricted birds (Dixon
et al. 2013).

2.2.4 Possible Ways of Alleviating Hunger Associated
with Quantitative Food Restriction

In ruminant production systems, avoidance of excessive gain in condition
(or moderate weight loss in over-fat animals) is generally achieved by giving
animals ad libitum access to lower quality foods (usually a forage) by which the
voluntary energy intake is reduced. A typical example is the provision of dry cows
with no or limited amounts of concentrate and ad libitum access to forage such as
grazing, silage, or straw. Such systems allow animals to express their normal
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patterns of feeding behaviour and are not associated with (stress caused by) hunger
(Tolkamp et al. 2002).

In response to the concerns over the negative animal welfare consequences of
hunger associated with quantitative food restriction, dietary manipulation has also
been proposed as an alternative to quantitative restriction for monogastrics like
broiler breeders and dry sows (Meunier-Salaiin et al. 2001; Mench 2002; Hocking
2004; Ru and Bao 2004; D’Eath et al. 2009). If food is reduced in quality, but
offered ad libitum, this is called qualitative restriction (Sandilands et al. 2006).
Such diets can restrict intake because ad libitum-fed animals consume less energy
from low-quality foods (Brouns et al. 1995; Savory et al. 1996; West and York
1998; Whittemore et al. 2002; Tolkamp et al. 2005; Johnston et al. 2006). Diets
where food quality is reduced but food is not offered ad libitum (Zuidhof
et al. 1995; Danielsen and Vestergaard 2001; de Jong et al. 2005) can be called
‘rationed alternative diets’. Here, we refer to qualitative restriction and rationed
alternative diets as ‘alternative diets’. Such alternative diets usually involve using
foods of lowered quality through the addition of bulky ingredients containing
dietary fibre, such as sugar beet pulp (Whittaker et al. 2000; Danielsen and
Vestergaard 2001), wheat bran and cobs (Robert et al. 1997), or oat hulls
(Sandilands et al. 2005), although other preparations known to suppress appetite
have also been used in poultry (phenylpropanolamine, Oyawoye and Krueger 1990;
monensin sodium, Savory et al. 1996; calcium proprionate, Savory and Lariviere
2000), sometimes in combination with fibrous ingredients (Sandilands et al. 2005,
2006).

Whether such alternative diets reduce hunger and so enhance animal welfare in
comparison with quantitative restriction is controversial, and the reasons behind
this controversy are briefly discussed below. Most research involves broiler
breeders (the parent stock of meat chickens) that are severely restricted during
rearing (25-50 % of ad libitum intake, Savory et al. 1993; Renema et al. 2007) or
non-lactating sows, which are restricted during pregnancy (50-60 % of ad libitum
intake, Lawrence et al. 1989). Although the problem also clearly applies to com-
panion animals (Butterwick and Hawthorne 1998; Umeda et al. 2006), we focus on
these groups for the evidence that is briefly reviewed below.

2.3 Alternative Diets

2.3.1 Effects on Behaviour

The provision of alternative diets, in comparison with quantitative restriction of
food intake, generally leads to a number of behavioural changes and there is broad
agreement between studies about the type of changes that can be observed (D’Eath
et al. 2009). Feeding and foraging behaviour appear more ‘natural’, i.e. the animal
is in control of its feeding behaviour, meals are ended whilst food is still available,
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and more normal meal patterns can be observed over the day (Savory et al. 1996;
Meunier-Salaiin et al. 2001; Hocking 2004). However, ‘naturalness of behaviour’ is
considered more important for the assessment of animal welfare by some (Kiley-
Worthington 1989; FAWC 1998: ‘Freedom to express normal behaviour’) than by
others (Dawkins 1990; Broom and Johnson 1993; Duncan 1993). In addition,
redirected oral behaviour and stereotypies generally decrease considerably
(D’Eath et al. 2009). It is generally assumed that (1) quantitative food restriction
plays a central role in the development of post-feeding oral stereotypies (Dantzer
1986; Appleby and Lawrence 1987; Lawrence and Terlouw 1993; Mason and
Latham 2004), (2) these appear to reflect frustrated motivation (Mason
et al. 2007), and (3) are a sign of reduced welfare as they develop under suboptimal
environmental conditions (Dantzer 1986; Mason and Latham 2004). A reduction in
redirected oral behaviours and stereotypies can then be interpreted as signalling
improved animal welfare (Bergeron et al. 2000; Danielsen and Vestergaard 2001;
Zonderland et al. 2004; Sandilands et al. 2005). At the same time, however, the
duration of feeding activity is usually much longer under qualitative compared with
quantitative restriction, and the total duration of oral behaviours is frequently
similar under quantitative and qualitative restriction regimes (D’Eath et al. 2009).
If oral behaviours are substitutable and functionally equivalent outlets for
unsatisfied feeding motivation, a decrease of redirected oral behaviours and stereo-
typies under qualitative restriction is then not necessarily a sign of improved
welfare (Savory and Maros 1993; Dailey and McGlone 1997; McGlone and
Fullwood 2001). A reduction in stereotypic oral behaviour in animals subjected
to qualitative compared with quantitative restriction is, therefore, considered a clear
indication of reduced hunger by some—but certainly not by all—investigators
(D’Eath et al. 2009; Kyriazakis and Tolkamp 2011).

2.3.2 Effects on Physiological Indicators

At present, there are no physiological indicators that can be used with confidence to
assess the effects of various degrees of quantitative restriction of food intake as
discussed above. It is even more problematic to use indicators such as PCC to assess
the effects on (the stress caused by) hunger associated with alternative diets in
comparison with quantitative food restriction. As discussed by D’Eath et al. (2009),
these problems include (1) the considerable diurnal variation in PCC in relation to
variation in feeding patterns associated with different feeding regimes; (2) PCC
also rises in response to pleasurable or exciting stimuli, reflecting emotional
arousal; (3) PCC is not usually a good measure of a chronic stress (such as might
result from chronic food restriction), since the HPA axis adapts and PCC levels tend
to return to baseline; and (4) the important metabolic role of corticosterone makes it
particularly difficult to interpret PCC as a welfare measure to determine levels of
hunger in different feeding treatments. Birds subjected to qualitative food restric-
tion that results in similar reductions in growth rate (compared with ad libitum
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feeding) as quantitative food restriction generally have comparable PCC
(Sandilands et al. 2005). But in view of the arguments mentioned earlier, it is not
clear at all whether this means that there is no difference in stress between
qualitative and quantitative food restriction or that (in our view more likely) PCC
is not suitable to measure stress caused by chronic hunger associated with different
feeding systems. Similar critical comments can be made for the other proposed
physiological indicators (D’Eath et al. 2009; Kyriazakis and Tolkamp 2011).

2.3.3 Effects as Measured via Specific Tests

Although operant testing has been successfully applied to quantify hunger associ-
ated with different levels of quantitative restriction and to compare effects of
different fibre types (Souza da Silva et al. 2012), the application and interpretation
is much more problematic when alternative diets are considered in comparison with
quantitative restriction. Because animals in these regimes are accustomed to dif-
ferent foods, it is not immediately clear which food should be offered during the test
(the same problem applies for the tests of feeding rate and compensatory feeding).
For instance, when the reward consists of the usual (treatment) food (Robert
et al. 1997; Savory and Lariviere 2000), it is difficult to decide what constitutes
‘equivalent responding’ (equal weights of food, equal energy per reward, equal
access time?) when comparing across treatments (D’Eath et al. 2009). When all
treatments are tested with the same food (Lawrence et al. 1989; Ramonet
et al. 2000), the reward food is often of high quality. The food reward then
represents a greater contrast with their usual food for animals fed alternative diets
than for animals subjected to quantitative restriction, which in itself may result in
larger responses in such animals (Ramonet et al. 2000; Savory and Lariviere 2000).
As discussed by D’Eath et al. (2009), these differences in reward type can explain
much of the variation in the findings of different studies using sows and their
interpretation. Similar problems apply to the question of the timing of the tests.
With alternative diets, operant responding for food after a meal is typically low and
stays low for longer before beginning to rise and is high again before the next meal
(Robert et al. 1997; Day et al. 1996). In contrast, under quantitative restriction,
operant responding for food is similarly high at different tested time points
(Lawrence et al. 1989; Ramonet et al. 2000; Savory and Lariviere 2000). This is
usually interpreted as indicating that alternative diets result in satiety for at least
part of the day (Robert et al. 1997; Savory and Lariviere 2000), although others
have interpreted this result more in terms of a constraint, where, for example, gut
distension inhibits further feeding, despite a continuing demand for energy (meta-
bolic hunger; Day et al. 1996).
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2.3.4 Perspectives

At present, the use of qualitative food restriction as an alternative to quantitative
restriction to alleviate hunger in (mainly) broiler breeders and sows is controversial.
The contrast in policy and practice between these commercially important mono-
gastric species is also confused. EU recommendations ensure that sows are given
qualitative restriction or more usually rationed alternative diets in which they have
access to fibre in addition to concentrate. This is done on the basis that it will
alleviate hunger. In contrast, simple quantitative restriction of broiler breeders is
still routine practice throughout the world.

To decide whether or not qualitative restriction can alleviate the welfare problem
of hunger in such animals, two important questions need to be addressed. The first
relates to the characterization or quantification of levels of animal hunger. Good
decisions about the suitability of different feeding systems in relation to animal
welfare can be taken only if the consequences of these different systems for the
animals’ experience in terms of hunger can be measured. For this purpose, modified
behavioural tests (such as choice, operant responding, and CPP/CPA) and Qualita-
tive Behavioural Assessment (Wemelsfelder et al. 2001, 2009) and perhaps also
(changes in) the expression of specific genes may prove effective. The second
question relates to the structure of the animals’ foraging programmes, notably
their apparent goals. If animals are pure intake rate maximizers subject to con-
straints, there is perhaps little hope that alternative feeding strategies can be
developed that achieve both welfare goals (i.e. avoiding the negative welfare
consequences associated with ad libitum feeding of high-quality food and the
hunger associated with restrictive feeding practices). However, if animals are
optimizers (i.e. trying to achieve the best possible combination of costs and benefits
with their behaviour; Illius et al. 2002; Tolkamp et al. 2002; Forbes 2007), efforts
can be made to identify what it is exactly that animals respond to and perhaps more
appropriate diets can subsequently be developed. Until these issues have been
resolved, the search for feeding systems that alleviate hunger and avoid the negative
consequences of excessive energy intake at the same time may prove to be elusive.

2.4 Conclusions

Some researchers have concluded that welfare of animals such as dry sows and
broiler breeders is improved by alternative diets because foraging behaviour is
more normal and characteristics of the food enhance satiety (Zuidhof et al. 1995;
Robert et al. 1997; Zonderland et al. 2004; Souza da Silva et al. 2012). This view is
reflected in policy: in the EU, there has been a requirement that sows receive ‘a
sufficient quantity of bulky or high-fibre food as well as high-energy food’ since
2001 (EC Council 2001), and this is implemented in the member states through
legislation (Netherlands: de Leeuw et al. 2004) or codes of practice (UK: Defra
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2003). Other researchers, however, emphasize the conflicting evidence and inter-
pretations of the welfare benefits of alternative diets (Day et al. 1996; Meunier-
Salaiin et al. 2001; Mench 2002; Hocking 2004; Ru and Bao 2004; de Jong
et al. 2005; D’Eath et al. 2009). A third group has argued that there is no convincing
evidence of any welfare benefits of such alternative diets because (1) the hunger
indicators of total oral behaviours and activity remain similar between quantitative
restriction and alternative diets, and (2) that if nutrient requirements and energy
needs remain unsatisfied, ‘metabolic hunger’ will occur (Lawrence et al. 1989;
Owen 1992; Savory et al. 1996; Dailey and McGlone 1997; Savory and Lariviere
2000; McGlone and Fullwood 2001). Hence the development of welfare-friendly
feeding systems for broiler breeders and sows would benefit greatly from a better
understanding of the controls of food intake and from better methodologies to
measure animal hunger.
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