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ABSTRAC T 

Experiments were conducted with the main objectives of studying: 

1. the extent to which the voluntary food intakes of sheep receiving 
diets, differL�g in physical form and digestible energy concen­

tration, change with an increase in energy der:1and of the sheep 

2. the effect of differences in body condition and an increase in 

energy demand on the voluntary food intake of sheep 
3. the effect of an increase in the energy demand of sheep on 

measurements such as tbe retention time of food residues, 
alimentary tract fill ��d weight of alimentary organs 

4. · the extent to which increases in the energy intake of sheep equate 
with increases in energy demand. 

The increase in energy demru1d was achieved by shearing Rornney sheep, 
held at an ambient temperature of 13°C. 

A section of the work also compared the retention times of food 
residues using various diets stained with safranine, treated ¥Iith 
radiocerium 144(Ce}, or potassium permanganate (Hn). There were 
considerable differences in mean retention times depending on the metLod 
used. Because the variation in mean retention time was lower within and 

betvieen sheep for 144ce than for the other methods, and because 
retention tL�es could be determined rapidly with 141�ce, the decision 
was made to use it in subsequent experiments. 

FollovJing shearing, there >-ras a consistent increase in the voluntary 
intakes of sheep receiving chopped hay or ground hay of low digestible 
energy concentrati on. The increase in voluntary intake, with the 
exception of that for a hay of low protein content in one experiment, 
to a considerable extent met the increased energy expenditure when the 
sheep were shorn. 

An increase in the amount of dry matter in the reticuloru:nen and a 
decrease in mean retention time was observed with sheep receiving chopped 
hay and ground hay. Evidence was also obtained of hypertrophy of the 
gut, measured a� fu� increase in weight of the empty alimentary organs, 
when sheep receiving chopped hay or ground hay were shorn. No evidence 
was obtained of cause and effect, but it appeared that increases in 
intake were accomplished through a range of physical changes. 
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Evidence was also obtained that reticulorumen fill, in terms of the 

amount of dry matter, was unimportant in lLniting the intake of chopped 

hay. 

Following shearing., the increase in the voluntary intake of sheep 

receiving groQDd hay was greater than that of sheep receiving chopped 

hay. The increase in the intake of sheep receiving ground hay more than 

met the increase in energy expenditure following shearing. The result 

is consistent with the postulation that the rate of removal of dry 

matter from the reticulorQmen Lmposed a limitation on the voluntary 

intake of sheep receiving chopped hay. This obser vation was further 

�upported by the greater amount of dry matter caudal to the reticule­

rumen, with the shorn sheep receiving ground hay, than that of the 

unshorn sheep. 

Voluntary intakes were invariably higher with sheep receiving 

foods of high digestible energy concentration, than with those receiving 

foods of low concentration, but the response in terms of changes in 

voluntary intake following shearing \>/ere variable. 

In some of the experiments, increases in the voluntary intakes of 

sheep receiving dried grass were small, after shearing. However in an 

experiment which compared the effects of body condition, and of shearing 

on voluntary intake, fat sheep increased their energy intake of dried 

grass following shearing to about the same extent as the increase in 

energy expenditure. In the same experiment, the greatest increase in 

intake following shearin� occurred with the thin sheep, and it 

appeared that the effects of shearing, in increasing voluntary intake, 

were reinforced by the condition of thinness. 

The vol<mtary intakes of unshorn sheep receiving dried grass 

decreased as the experime nts progressed. Physical restriction of the 

abdominal cavity by fat did net appear to be the cause of the decrease. 

Measurements of oxygen consumption in two experiments ( values 

converted to heat production ) were obtained before and after shearing, 

with Romney '"ethers receiving dried grass or ground hay. Heat 

production increased after shearing, the increase being greater for 

the sheep receiving dried grass than for those receiving ground hay. 

The evidence obtained showed that, particularly with sheep receiving 

hay in the intake experiments, the increase in intake following 

shearing would have met the increase in energy expenditure in many 

cases. Changes in feeding behaviour and activity of the sheep occurred 
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f ollowing shearing. The effects of t hese changes on energy expenditure 

were discussed. 

1 It was c oncluded that, even where voluntary intake is predominantly 
limited by physical fac tors, these c an be overriden by c hanges in energy 

demand. 
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xii.i 

ffiEFACE 

The amount of food consumed by animals largely determines their 

productive output, ��d an underst&�ding of how they regulate volunt­

ary food intake is of fundamental importance in the field of animal 

nutrition. 

The factors controlling food intake are complex and are not 

fully understood. The problem is not made simpler in the rt�inant, 

with its close integration with the microbial populati on of the 

reticuloruTten. The multifactorial nature of vollli�ta� food intake 

presents many difficulties, in attempts to synthesise a system. 

Experimental approaches aimed at eliminating one contro l, in an 

attempt to understand the system, have often shown that the 

eliminated control is dispensable and that other control mechanisms 

are invoked to maintain food int��e. 

In both monogastrics and r�inants much of the research into 

the control of food intake has been concerned \-lith the nature of the 

stimuli which signal the nervous system, in response to the ingestion 

of food. Many investigations have been directed to\-Iards establishing 

relationships bet\..reen the a:nount of food consum.ed and the amount of 

digesta in the alimentar-J tract, or between food c:::msurned and changes 

in the products of digestion in the alimentary tract and in the blood. 

The interpretation of these relationships is often difficult because 

of the inability to distinguish between cause and effect. In further 

efforts to understand the mechanisms involved, techniques such as the 

intravenous and intrarQninal administration of various energy 

metabolites have been used. Generally, the response measured has been 

a decrease in vo lunt�J intake, the interpretation of which could be 

complicated by the fact that, possibly the first symptom of metabolic 

stress is a decline in food intake. 

Whilst the nature of the mechanisms controlling food intake 

remain unclear, there is considerable evidence to show that with 

roughage diets, in the long form, and of low digestible energy 

concentration, volun�ary intake is controlled in rllininants by factors 

related to the capacity of the alimentary tract. In contrast, with 

foods of high digestible energy concentration, voluntary intake is 

related to the energy demand of the animal and the levels of the 

products of digestion. 



xiv 

It \.fas co nsidered that worthwhile advances towards understand:ing 

factors co ntro lling food iilt ake could be made under c onditi:ms where 

the energy demand of animals varied Hidely. This was achieved by 

shearing sheep, held at an environmental temperature o f  13°C, which, 

from available evidenc e, was co nsiderably below the c ritical t emperature 

o f  shorn sheep. 

The questio ns posed in this thesis were: 

1 • vihat effect \·JOuld c hanges i n  the energy demand o f  sheep have 

on their voluntary intakes, when they \-Jere o ffered foods 

di ffering in physic al form, and digestible energy conc entration? 

2 .  What effect would changes in the energy demand of sheep have on 

measurements ( such as the retention time o f  food residues and 
alimentary tract fill) assoc iated with the physical co ntro l  o f  

foo d  intake? 

3. To what extent would the change in the energy i ntake o f  sheep 

equate with the c hange in heat pro duction, when they were shorn? 

All experiments were carried out at the Animal Physiology 

Unit, Massey University. 


