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Abstract

This review dealt with the concept of the feed intake of cattle, sheep and goats.
Because ruminants, especially small ruminants, are normally fed ad libitum,
voluntary feed intake is crucial in the feeding tactics and strategies aimed at
optimal production. The review highlighted the common factors that influence
feeding intake. The voluntary feed intake of ruminants varies as a function of
the characteristics of the feed, the animal and its environment. The control
mechanisms for the feed intake of farm animals generally can be envisaged as
operating at three levels, namely at metabolic level, the concentration of
nutrients and metabolites or hormone secretions. In ruminants, the control of
intake is at the level of the digestive system and the characteristics of the food.
The quantity of digesta in the digestive system may determine whether or not
the animal ingests more food. The activities involved in feeding are complex.
Such activities include: the search for food, the recognition of food and
movement towards it, the sensory appraisal of feed and the initiation of eating
and digestion. In the alimentary tract, the feed consumed is digested and the
nutrients are then absorbed and metabolized. All these processes can
influence feed intake. The characteristics of the feed, animal factor, size of the
animal, pregnancy, lactation, environmental factors, climate, day length,
water consumption and ill-health are the major factors affecting feed intake
and satisfaction in ruminants.
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Introduction

The consumption of feed is the first step in thecpss which converts feed into valuable
products like milk and meat for human consumptidime amount of feed ruminants

voluntarily consume profoundly influences the aéficy of this conversion process. The
productivity of ruminants depends on their abitityconsume and extract usable energy from

available feeds. Ruminants are known for theirigttib breakdown fibrous materials of plant
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origin to meet their nutritional requirements foaimenance, growth, foetal development and
other production functions. According Baumehél. (2000), intake is the maximum quantity
of feed that can be eaten by an animal when trgapgliedad libitum as the sole feed. lllius

et al. (1996) viewed intake as a “psychological” ph@eoon, involving the integration of
many signals and reflects the flexibility of a lmgical system evolved to cope with
variability in food supply, composition and aninsghtes. So, plant properties, associated, for
example, to the presence of toxins, the taste eflsare important parameters impacting diet
selection and the ingestive behavior of grazinginamis and so the intake’s level (Provenza
et al., 2003b). Several theories were developed to exple factors that influence feed
intake and satisfaction in farm animals. This papmrews some of these theories/ or

findings with particular reference to ruminant aalm

Feeding behaviour and the control of intake

Intake is influenced primarily by hunger, which dsstressing, and by satiety, which is
generally pleasurable. Forbes (1995) postulated'thainants eat that amount of feed which
leaves them with the most comfortable feelings'e Tagulation of feed intake and dietary
choices combines the short-term control of feedielgaviour related to the body homeostatic
regulation and long-term control that depends dmitranal requirements and body reserves
(Faverdinet al., 1995). Feed factors act mainly on the short-teontrol. Ruminants fed
foragesad libitum eat for 5 to 10 hours per day and spend a sittiifgg ruminating. During a
main meal, the rate of intake is highest at tharbeigg and then decreases continuously as
satiation proceeds until satiety. Moseley and AatManendez. (1989) reported that the rate
of intake, especially at the beginning of the meakms to be a key factor for understanding

variations in voluntary intake between forages.

Behavioural bases for the varied diets of ruminants

The origin of food preference

Learning about foods involves neurological, morplgatal and physiological changes (Distel
and Provenza, 1991). The mechanisms used by noimanta for selecting a diet are often
similar to those used by ruminants (Provenza, 1996¢onception, nature (natural selection)
provides each individual with a set of genetic nmstions for its morphological and

physiological development. To facilitate survivagture has constructed genotype in ways
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that enable nurture (experience) to structure iddesd. The brain determines the structure of
the experience, but experience also determinesttheture of the brain. It was reported by
Baumontet al. (2000) that at the beginning of the meal, motorato eat forage expresses
sensory and nutritive properties of the feed thexteWwearned from previous experience.

Taste — Feedback interaction

The dynamic interplay between nature and nurturellustrated by the taste-feedback
interactions associated with food preference. \bives interaction between taste and post-
ingestion feedback, which are determined by an aFsnphysiological condition and a
plant’s chemical characteristics (Provenza, 1996)ourse, taste (as well as smell and sight)
allows animals to discriminate among feeds andsswace of hedonic sensations. But other
factors, especially post-ingestion feedback, catidia food taste with its homeostatic utility.
These biochemical mechanisms identify foods adegumnutrients, thereby increasing an
animal’s preference. Taste-feedback interactiorugcautomatically, in the absence of any
cognitive association or memory of the feedbacknewevery time food is eaten. Thus, after
food ingestion, preference changes even if an dnsmdeeply anesthetized (Proveratal .,
1994), tranquilized (Forthman, 1984) or when itgceb-cortical activity is depressed

(Buresova and Bures, 1973).
The Role of experience in taste-feedback interactis

Animals acquire preferences for familiar foods dinely are reluctant to eat novel foods or
familiar foods whose flavours have changed (Proaet295). Animals search for preferred
foods in unfamiliar environments and show the grsglatiecreases in intake when they are
offered novel feeds in novel environments (BurntdaProvenza, 1996). Accordingly,
familiarity controls preference. When animals beeadihafter eating a meal of familiar and
novel feeds, they avoid their novel feeds. Novely override temporal contiguity when
illness develops after feeds in sequence. Fornanstdambs typically avoid eating feeds in
succession unless one of the feeds is novel innndase they avoid the novel feed regardless

of sequence (Provenza, 1993).
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Sensory specific responses

Sensory-specific satiety is a term used to ref@h&decrease in preference for the taste of
feed as it is consumed (Roll, 1986). The controverger the relative importance of sensory
or feedback specific responses is misguided bechase are always involved (Provenza,
1995). Feedback begins before eating as the sighiisids and odours associated with foods
cause the release of saliva and other digestivgness, gastrointestinal and pancreatic
hormones and the neurotransmitters involved inngafiaste and feedback (presence and
absence) are inevitably in interplay any time fessthken into the mouth. The level of intake
can be conditioned by other characteristics offtrage, such as flavor (taste and smell),
appearance, texture and by the post-ingestive &dbccurring after its intake, i.e. “if
forage tastes good, animals tend to eat it moredu(Bont, 1996). The flavor feedback
interaction depends directly on the chemical charatics of feed, animal nutritional status

and animal past or recent experiences.
Nutrient-specific responses

The nutrient concentrations of forages are factbngiterest in the regulation of feed intake.
Animals prefer feeds or combinations of feeds thahtain a variety of nutrients in
appropriate proportions, presumably because theeyharmost satiating. The idea of nutrient-
specific satiety is based on the premise that prate depends on an animal’s physiological
condition relative to a feed’s chemical charactess(Provenza, 1996). Once an animal’s
requirement for a particular nutrient is met, prefee declines for feeds with high
concentrations of that nutrient. For instance, lanfdd diet high in energy subsequently
prefer feed lower in energy and higher in protémse fed diet high in protein subsequently
prefer feed high in energy (Wang and Provenza, 1998s hypothesis is consistent with the
notion that the ratio of protein to energy is intpot in the feed preferences of ruminants
(Eggan, 1977). The energy protein balance of tle¢ cin therefore influence the level of
intake and the diet selection. According to Kyridgaet al. (1993), lambs that can select
between pairs of diets, varying between 7.8 an8%3of crude protein, present a maximal
level of intake with the diets containing betwee#.11 and 17.2% of crude proteins.
According to these observations, a judicious foragpplementation could contribute to
improve diets nutritional balance and so, to inseethe total voluntary intake (Vazqueiz

al., 2000).0n a "requirement theory" basis, the ahiests in order to maximize its
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production potential under some constraints suchitaggut volume and diets quality
(Yearsleyet al., 2001). According to this theory, intake regulatiwould be based on the
meeting of energy needs (Kyriazakis, 2003). In tvay, Faverdinet al. (2007) has
demonstrated that intake is positively linked talypaveight and to the level of the production
of dairy cows and so linked to the animal requiretee According to Provenza (1995),
ruminants, like other mammals, develop prefererfoesfeeds that are richer in energy.
Animals increase intake to meet their nutritionaéds. Deficits or imbalances of amino acids
cause decreases in intake. Feed intake in cdtéepsand goats is reduced due to phosphorus
deficiency in diet and the reduction in feed intalepends on the severity of the deficiency
(Ternouth, 1991). Other nutrients whose deficiencee liable to restrict feed intake in

ruminants are sulphur, sodium and cobalt (Mc Doegdd., 1995).
Toxin-specific responses

Toxin causes a decrease in preference for food,tdwihs do not necessarily prevent
ruminants from eating a food, especially if thedfemntains needed nutrients (Wang and
Provenza, 1996b). Different toxins often differtiveir effects on herbivours and herbivours
have assorted physiological mechanisms to couhéeeffects of various toxins (Mc Arthur
et al., 1991). The degree to which a feed is avoideldviohg a meal depends on the dose of
the toxin (Ralphs and Cheney, 1993).

Physical constraints on voluntary feed intake by rminants

As a result of diverse supporting evidence, themh¢hat physical distention in the gastro-
intestinal tract limits voluntary dry matter intakas been widely accepted (Forbes, 1995).
Voluntary dry matter intake of low digestibility dds is thought to be limited by physical
distention in the gastro-intestinal tract, whichegurmably diminishes as digestibility
increases. The reticulorumen is generally regaegethe site in the gastro-intestinal tract at
which distention limits intake with high-fill die{@aile and Forbes, 1974).

The regulation of intake appears mediated by diffesignals under the form of metabolites
and hormones emitted by the central nervous systetnthe peripheral organs like liver,
pancreas intestinal tracts and that can be regaadethediators of appetite (Rhiret al.,

2002). The role of leptin (hormone secreted byyfatlls), of cholocystokinine (hormone

secreted by the intestinal mucous membrane) anshsofiin in the control of satiety in
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ruminants has been widely documented (Forbes, 2008)e same way, during the digestion
process, the rumen environment (pH and osmoladfy) also explain the variation of

voluntary intake (Faverdin, 1999).
The hepatic oxidation hypothesis

The hypothesis that feed intake is regulated byottidation of fuel in the liver has evolved
as advances have been made by several groupsdé&aehat the liver is involved in the
regulation of food intake was introduced by Rus§Ell63), who proposed that the feeding
behaviour of dogs was influenced by glucoreceptiorsthe liver following Meyer's
suggestion that feed intake is regulated by changédood glucose concentration (Meyer,
1953).

The propionate regulation of feed intake

Propionate is the primary glucose precursor forinams but can also be oxidized and
stimulate the oxidation of other fuels (Allehal., 2005). Besides increasing the amount of
Volatile Fatty Acid (VFA) produced, increasing rumal starch fermentation also increases
propionate infusions (Allen, 2000). Intake depresdby propionate is greater than the other
major fermentation acids (acetate and butyrate)nwhised into the vein of sheep and the
infusion of propionate into the mesenteric veirstgfers reduced feed intake, whereas acetate
infused at similar rates did not (Elliet al.,1985). The liver is involved in the regulation of
feed intake by propionate because the depressidaedfintake by propionate infusion in
sheep was eliminated by severing the nerves cangettie liver to the brain (Anil and
Forbes, 1988). Of fuels metabolized by ruminangripropionate is likely a primary signal
to terminate meals because its flux to the livereases greatly during meals (Bensbal.,
2002). Ruminant liver has high activity propionyD& systhetase (Ricks and Cook, 1987).
As a result, propionate is extensively metabolibgdruminant liver, but there is little net
metabolism of acetate (Reynolds, 1995), thus enpigidifferences in feed intake depression
by the infusion of propionate compared to acefBbese observations are consistent with the

hepatic oxidation hypothesis.
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The Effects of Insulin and Glucagon on feed intake

The most important hormonal regulators of bothdligind carbohydrate metabolism are
insulin and glucagons. Despite the fact that adipg@sue in early lactation cows is relatively
insensitive to insulin, a low dose of insulin threays postpartum decreased plasma non-
esterified fatty acids (NEFA) and triglyceride centrations and increased feed intake of
dairy cows (Hayirliet al., 2002). However, higher doses of insulin causedblyzemia fail

to decrease NEFA concentration and did not incrdasel intake. Administration of
exogenous glucagons stimulates insulin secretiah aifers the advantage of preventing
hypoglycemia because glucagons directly stimuldtecogeogenesis. The subcutaneous
administration of glucagons decreased plasma NEbi#centration and tended to increase
feed intake over control after 7 days of treatn{dlatfikov et al., 2006).

Summary of the factors affecting feed intake and gsfaction in ruminant nutrition
The characteristics of the feed
The quality of feed

The quality of the feed depends mainly on its epeagd protein content and to a lesser
degree on the type of feed available and the dgyacdnsumed. Animals eat more feed if the
feed already eaten passes quickly through the tikgesystem. Highly fibrous feeds spend a
long time in the digestive components to be exéidciThe longer it takes the feed in the
digestive tract the less the intake. There is d@igegelationship between the digestibility of

feed and their intake. Intake is closely relatedtite rate of the digestion of diets and

digestibility, i.e. feeds that are digested rapidipnd are also of high digestibility, promote

high intakes. The faster the rate of digestionntfuege rapid is the digestive tract emptied and
the more space is made available for the next nkeshge dry matter content can influence
voluntary intake. If dry matter of forage is lowdtan 20%, as in young grazed grass, the
volume of water in the rumen increases with subsegdecrease on the intake level in spite
of a high forage digestibility (Meissnet al., 1995). Plant maturity also causes variation on
intake. When plant is over grown and protein contéecreases cell walls and tissues
lignification increase with, as a consequence, rammease of forage retention time in the

rumen, limiting voluntary intake (Arthingtos al., 2005).
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Nutrient deficiency in feeds influence intake. leaample, protein or nitrogen deficiency can
reduce the activities of microorganisms, which issin reduced feed intake. The physical
characteristics of the forage, such as dry matetent and particle size, and resistance to
fracture are known to affect the ease of prehenammhthus intake rate (Inog€al., 1994).
With dried forages, relative preferences for miggurvith varying proportions of long and
short particles were closely related to the diffieess in intake rates (Kenney and Black,
1984). Discrimination between the different mixturgdecreases as the intake rates of the
feeds being compared increaggccordingly, the preference for short particlesnere
pronounced in slowly ingested forage like strawntha rapidly ingested hay. Small
ruminants are also sensitive to the particle sizeomcentrates. Ground feeds with a large
percentage of fine particles (<0.5 mm) are cleks$g well accepted than coarse ground feeds
(Morand-Fehret al., 1994). The preference for coarse particles magugeto greater ease of
prehension. The water content in feed modifies matter intake very little except with
ground cereals that can be changed into compatggasth high water content (Baumen

al. 2000).

The Animal factor affecting intake in ruminants
The capacity of rumen

The capacity of the rumen is a critical factor etetmining the feed intake of ruminants.
Intake is restricted by the capacity of the rumaall wo signal the degree of “fill” to the
brain, but what constitutes the maximum and hemitiead “fill” of the rumen is uncertain.
Reticulorumen is the primary control point for thieysical limitation to intake. The quantity
of roughage eaten by the animal is directly relatedts rate of disappearance from the
reticula-rumen. Intraruminal additions of wateridgreating did not affect the feed intake of
cattle or sheep (Campling and Balch 1961) preswnbbtause water rapidly leaves the
rumen. These findings are important with regarfbtage moisture content and its effect on
dry matter intake. Considerable evidence is avklahowing, with predominantly roughage
diets, voluntary intake is limited by the capaaifythe reticulo-rumen and by the rate of the
disappearance of digesta from this organ (Ellig8}9

Voluntary feed intake is limited by physical comalits within the gut and particularly by the

amount of digesta in the reticulo-rumen. The filit gcapacity, in relation to forage
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characteristics, can be considered as the maiorfattthe regulation of voluntary intake.
Intake appears limited by the maximal volume the tigestive tract can reach (Allen,
1996), even if herbivores are able to progressivebdify the volume of their rumen and
increase the transit rate of digesta when the tyuafi forage decreased (Schettetial.,
1999).

The Size of the animal

As the animal grows, feed intake follows approxiehatand proportionately to metabolic
body weight. According to Holmes al. (1961), the voluntary intake of grazing animads h
been related to body size and to metabolic bodg. $itake seems to be related to fasting
heat production, which is itself related to metabeleight in sheep than in cattle. When
animals become excessively fat, their intake tewdstabilize, i.e. not to increase as body
weight continues to increase. This may be due tim@ilinal fat deposits reducing the volume
of the rumen, but may also be a metabolic effeohv@rsely, in very lean animals intake per
unit of metabolic body weight tends to be high. @dhet al. (1964) noted that as thin sheep
become fat, intake decreases and intake and ligéwveire negatively related. Langlands
(1968) reported that thin sheep grazing with fateghmake compensatory gain by increasing
intake by 20% or more on a per unit of liveweiglsis. Allden (1968) also found young
sheep compensated for previous periods of undetiontby eating more per unit liveweight
than sheep which were previously well fed.

Feed intake and pregnancy

The pregnancy state is also a factor controllinigmary intake. In the predictive equation of
Faverdinet al. (2006), the intake capacity of dairy cows is pmpoal to the lactation state,
age and maturity of cow and to a “pregnancy indicathat explains the decrease of intake
during the last weeks of pregnancy. Two factortuerice feed intake in pregnant animals.
Intake increases during foetal development. Thiseisause the foetus needs high nutrients
but in the later stages of pregnancy the effeatolame of the abdominal cavity is reduced as
the foetus increases in size and so is the spaaitalble for expansion of the rumen during

feeding. As a result, intake is depressed, espedidghe diet is predominantly roughage.
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Feed intake and lactation

Intake increases at the onset of lactation. Itakelbed that the increase, which is mainly
physiological in origin, but may also be a physietiect resulting from the reduction in fat
deposits in the abdominal cavity. In early lactatithe dairy cow loses weight which is
replaced at a late phase of lactation when milkdgiere falling while the intakes of dry
matter remain high. Feed intake is related to tinel lkof production, e.g. different kinds of
goats eat different amounts of feed as percenthtieew body weight. Dairy goats take in 5-

8% per day while meat goats do not get above 3% é&Dd Kees, 1991).
The Environmental factors affecting the feed intakeof ruminants

Among environmental constraints, temperature, pgteriod and distance from the drinking
water source are the main factors that limit theiv@ry feed intake, especially in grazing

animals.

Grazing animal

The Intake of pasture herbage meets the animalsne@tiout undue energy expenditure.
This is determined by three factors, namely: bite gquantity of dry matter harvested) at
each bite, bite rate (number of bite per minutej grazing time. For these factors to be
achieved, the grasses/pasture must be suitablybdigtd. Sward characteristics, in terms of
blade morphology, such as hair occurrence, thickméguticle, leaves size, stems physical
properties and dead materials ratio can stimulatet or inhibit animal foraging behavior
(Provenza, 2003a) These parameters have a hugernno#é on bite size and intake rate. In
relation to grass characteristics, bite size vaifriech 10 to 400 mg MO for sheep and from 70
to 610 mg MO for cattle. Under grazing, there dase relationship between leaf proportion,
green leaf mass (Smit, 2005), sward density (Pratha., 1997) and dry matter intake.
According to Benvenuttet al. (2006), stems can have a barrier effect on hbze and
instantaneous intake rate. The higher is stemsitgetise smaller is the bite area and the
slower is the biting rate. This leads to a decredigbe instantaneous intake rate. Bostcdl.
(2007) confirmed that stem length and stem proporin the sward have a negative impact
on biting rate with a correlation of, respectivel,67 and -0.40. Sward composition, in

terms of plant species, can also influence thel le/éntake. Indeed, compared to grasses,
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legumes are often associated to higher level aka{Ribeircet al., 2003). Assoumayet al.
(2007) explained that forage legumes are fastewcesdiin small particles than grasses and

that less time is needed to take and masticatmitasibite than for grass.
Feed intake and climate

The climate, too, is of importance in determiniing tfeed intake of animals. During the
digestion of feed, heat is produced, which mustlibpersed through evaporation or moisture
and by direct heat transfer to the surroundingghdf humidity of the air or the ambient
temperature is high, the animal finds it diffictdt lose its heat through evaporation. As a

result, it can digest less feed and thereforefkssd intake.
Day length and intake

Day length also has effects on feed intake thougthim all animals. This effect is most
evident in deer. It also affects sheep. Intakehieep is reduced as days get shorter, but to a
much lesser than do deer. Cattle seem not to betaff by day length.

Feed intake and water consumption

If there is sufficient water to meet the requiremsesf an animal, it will take in less feed. It

needs the water for the digestion of its feed andHe dispersion of heat via evaporation.
lll-health and intake

lll-health can reduce the intake of ruminants. Botiernal and external parasites infestation

tend to reduce intake.
Conclusion

Voluntary feed intake is a complex system whicheleps along three dimensions: animal,
forage (or the ration) and the environment (inahgdmanagement). The control of feed
intake depends, at the same time, on plant chaistats in relation to gut capacity, to the
animal’s requirements and nutrient concentratidnforages, to the post-ingestive feedback
of the intake and the learning process, to the haiqggical characteristics of grazed plants

and on the environment, such as climate, abundamt¢he frequency of feed resources, etc.
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