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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. 



CHAPI'ER 1 

THE CONTROL OF VOLUNTJIRY FOOD IN1'AKE - A REVIEW 

1 .1 I NTRODUCTION 

The review begins with a brief outline of the neural basis of the 

control of food intake in ma�mals, and then considers how voluntary 

intake is controlled in the ruminant. Following this,a hypothetical 

model \vhich attempts to integrate factors controlling voluntary intake 

is introduced. The review closes by considering a technique for 

investigating factors affecting voluntary food intake, based on the 

increase in energy expenditure of sheep, when they are shorn. 

That mechanisms controllbg voluntar-J intake exist is indicated 

by the balance bet\veen food intake and energy expenditure, which can 

be maintained in most an imals over long periods, despite considerable 

variations in the nature of the diet,and the level of energy demand 

(Hervey, 1969). A distinction needs to be made between shor t term 

control in the initiation and cessation of feeding,��d the long term 

control of food intake. Errors of adjustment in the control of food 

intake over a short period of time can be large, but the correlation 

between input and output improves if a lo��er period is considered 

(Widdowson, Edholm & McCance, 1954; Edhol:n, Fletcher, vliddowson & 
McCance, 1955 and review by l1cCance, 1972). It is apparent that a 

precise level of control must be maintained in the long term, if energy 

balance, or a set rate of change in energy balance is to be maintained. 

1.2 THE NEURAL BASIS OF THE CONTROL OF FOOD INTAKE 

There is cons�derable experimental evidence to support the 

contention that the central nervous system plays a major role in the 

ultimate control of food intake in mammals. Reviews on the subject have 

been provided by Brobeck (1960); Anand (1961 and 1967); Kennedy (1966); 

Baile & Mayer (1970) and Bell (1971). 

It seems likely that neural control of food intake operates through 

a hierarchal organisation ( Ana.nd, 1961 and 1967) involving various 

integrated levels of nervous control through a complex of reflexes. 
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At the lowest level, the spinal cord and brain stem are most directly 

concerned with the control of feeding behaviour (Brobeck, 1960), and 

reflexes are put L�to effect by sensory stimuli that make the animal 

aware of the presence of food. 

At the next highest level, the reflexes are facilitated by 
influences from the feeding centre in the lateral hypothalamus, and 

inhibited from the satiety centre in the region of the ventromedial 

nuclei of the hypothalamus. Muc� of the evidence on the role of the 

hypothalamus and the control of food intake has been gained with 

monogastric animals, mainly rats ru1d mice. StL�ulation in the region 

of the ventromedial nuclei ( the satiety centre ) produces hypophagia, 

and lesions produce hyperphagia and obesity. Stimulation of the 

lateral hypothalamus ( the feedine centre) results in hyperphagia, and 

lesions cause aphagia ( Mayer, French, Zighera & Barnett, 1955; Morgane, 

1 961, and reviews by Baile & Mayer, 1970 and Bell, 1971). The 

presence of hypothalamic feeding and satiety centres have also been 

demonstrated in ruminants ( Larsson, 1954; Baile, Mahoney & Mayer, 1968), 

but Baile & Mayer (1970) stated that it was not a foregone conclusion 

that the ventromedial nuclei of the hypothalamus of rumi�ants has the 

same depressing effect on feedL�g as it does in rats. 

At the highest levels, cerebral structures of the limbic system 

and the neocortex are probably involved in the. control of food intake. 

Anand (1961) reviewed the evidence for higher levels of control and 

stated that cerebral influences are mainly of a discriminative 

character and may override control at lower levels. In summary., it 

appears likely that the hypothalamus contains areas of special activity 

for the control of food intake, and that these areas are integrated 

with lower and higher neural elements, to form a highly complex system. 

In both monogastrics and ruminants much of the research into the 

control of food intake has been concerned with the nature of the stimuli 

which signal the nervous system in response to the ingestion of food. 

The main concern of the following sections will be to discuss how such 

stimuli might be provided, particularly as applicable to the ruminant. 



3 

1 .3 THE CONTROL OF FOOD INTAKE IN RUMINANTS 

1 .3.1 Introduction 

There are several important anatomical differences between 

ruminants and monogastrics which need to be considered. Some of these 

differences are listed as follows:-

1 .  the large size of the forestomach in ruminants compared 

with monogastrics 

2. the fermentation of food in the reticulorumen by micro 

organisms, with volatjle fatty acids as a major end-product 

of digestion in the ruminant 

3 .  the ease with which adult ruminants fatten 

(This questions the validity of assuming that the primary 

activating mechanism in the control of food intake is energy 

balance, ��d it suggests an unusual adjustment of caloric 

intake and energy expenditure, possibly arising from the 

nature of the end-products of digestion). 

4. the digestible energy (DE) concentration of rumb1ant diets is 

often low and the food is bulky. 

(This means that physical factors such as alimentary tract 

distension, and the rate at which food residues are removed 

from the tract may inhibit voluntary food intake to such an 

extent that the animal is in negative energy balance, or will 

not reach its maxL�um potential production). 

1 .3.2 Voluntary intake of foods of high DE concentration 

That monogastric animals attempt to eat to a constant energy intake 

(Adolph, 1947), whereas the reverse is thought to be true for ruminants, 

is a well known generalisation. Blaxter (1962) stated that 

U:the intake of a food by ruminants increases with 

the quality of the food they are offered, where 

quality is defined as the energy they obtain from 

food per unit of its weightR. 

There is now considerable evidence that food conswnption in 

ruminants is reduced, when energy demand is satisfied, when foods of 

high DE concentration are offered. Depressed DM intakes have been 

reported with ruminants receiving diets of high apparent digestibility 

such as concentrates (Weir, Meyer, Garrett, Lofgreen & Ittner, 1959; 
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Freer & Campling, 1963). Instances have been reported with sheep 

(Harris & Raymond, 1963), and with dairy cattle (Hutton, Hughes, Newth 

& Watanabe, 1964) of a poor relationship between the digestibility of 

highly digestible le�y pasture and intake. Evidence that the intake 

of the pasture was not limited by physical factors was also obtained by 

the latter workers in that they observed a linear relationship betveen 

voluntary intake and the weight of DM in the reticulorumen. 

Conrad, Pratt & Hibbs (1964),summarising data from a large number 

of experiments with lactating cows· receiving diets ranging in apparent 

digestibility from 52 to 80%, concluded that DM intake decreased with 

rations varying between 67 and 80% in apparent digestibility. Food 

intake was related to body weight and to DM digestibility below 67% 

digestibility7but beyond this, (approximately 2.9 kcal DE/g DM) intake 

was dependent on metabolic size (LW
0

•
75

) and milk production. The 

- results were interpreted as indicating that at low apparent digestibili­

ties, food intake was governed by uphysicaP� means so that the level of 

milk production was determined by the animal's capacity and the rate at 

which undigested food could be moved along the tract. At higher levels 

of apparent digestibility, food intake was regulated by u.physiologicaln 

means. The results obtained by Conrad, Pratt & Hibbs (1964) therefore 

illustrate an important departure from the generalisation given above 

(Blaxter, 1962). 

Whilst it is convenient to separate physical and physiological 

mechanisms, the division is arbitrary as the mechanisms are not indepen­

dent. In addition all mechanisms are 11physiological't, in that they have 

a neural basis, so that the term uphysical11 should not be taken too 

.literally. For convenience, in the discussions that follow, the control 

of food intake exercised largely through the ability of the alL�entary 

tract to accommodate food residues will be referred to as 1tphysicalu 

control, and control exercised through the absorbed products of digestion, 

occurring largely with foods of high DE concentration, will be referred 

to as llmetabolic� control. 

The dual concept of the control of food intake in ruminants, first 

developed by Conrad, Pratt & Hibbs (1964), was later confirmed by 

Montgomery & Baumgardt (1965a). They fed four pelleted rations contain­

ing increasing ratios of ground maize to lucerne meal to dairy heifers 

and to lambs. The diets ranged in apparent digestibility from 54 to 

69%. Daily DM intake decreased as the energy concentration of the diets 
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increased, but the daily consumption of DE was similar for all diets. 
They proposed the general relationship shown in Fig. 1 .1  to describe the 
regulation of food intake. With rations on the distension side (Fig. 

1.1), DM and energy consumption increase with nutritive value, and 
reticulorumen load a�d distension was postulated as the mechanism 

limiting food intake. Most roughage rations probably fall into this 
category. With an increase in nutritive value, Dt1 intake decreases 
and energy intake remains constant and the animal is able to consume 
enough DM to satisfy the physiological demand for energy. Chemostatic 

or possibly thermostatic mechanisms would appear to be operational at 

these higher levels of nutritive value . The term nutritive value was 
used by the authors rather than digestibility, as they maintained that 

factors such as the physical form and density of the ration may also 
determine the level at which mechanisms controlling food intake alter • . 

On the basis of the results obtained by Conrad, Pratt & Hibbs ( 1964) 
and Montgomery & Baumgardt (1965a)it can now be stated that ruminants 

attempt to eat to a constant energy intake, but this can only be 
achieved with foods of high DE concentration. 

The level of DE concentration at which DM intake decreases and DE 

intake remains constant is not likely to be fixed. This possibility is 
examined in the following section in relation to the physiological state 
of the animal. 

The effect of the nhysiological state of the animal 
on voluntary intake 

Changes in physiological state are reflected in changes in food 
intake, as the long term control of food intake is maintained by 
mechanisms which attempt to secure energy balance. There is ample 
evidence that this occurs. Lactating cows consumed 53% more pasture 
than dry cows (Hutton, 1963), lactating ewes consumed 42% more than d ry 

ewes (Arnold & Dudzinski, 1967) and the intake of dried grass cubes was 

80% higher in ewes suckling twins and 60% higher in ewes with single 
lambs, compared with d ry ewes (Hadjipieris & Holmes , 1966). However, 
the latter authors observed that the food intake of lactating ewes 
receiving a medium quality hay was less than 10% greater than dry sheep 
receiving the same food. On the other hand,Campling ( 1966a)observed an 

increase of 29% in the consumption of a high quality hay by lactating 
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cows compared with dry cows, althoueh the increase \olas only 8% with 

concentrates. Voluntary intake of the concentrates �as higher than the 

hay but the reason for the small increase in concentrate intake is not 

known. In none of this work are results given vihich help to explain 

the effects observed. However, other reports offer a limited explan­
ation. Thus Tulloh & Hughes (1 965) and Tulloh ( 1 966) observed an 

increase in the capacity of the reticulorumen and lower tract in 

lactating cows compared with dry cows. Similar results have been 

observed with lactating rats (Fell , Smith & Campbell , 1 963) and in sheep 

(Fell, Campbell & Boyne , 1 964 ) .  This is evidence that some integration 

of physical capacity with long term regulation of food intake can occur. 

In the experiments of Montgomery & Baumgardt (1965a) it was shown 

that DE intake remained comparatively constant as the DE content of the 

diet rose above about 2.6 kcal/g DH. Subsequent work by Dinius & 
Baumgardt ( 1 970) confirmed these results and the authors pointed out 
that their results were obtained with animals which were past their 

rapidly growing phase. Baumgardt & Peterson (1971) extended the observ­

ations to young lambs with an estimated energy demand of 266 kcal D&(kg 
0• 75/24 h., compared with an estimated demand of 206 kcal made \oTith 

older lambs by Dinius & Ba��ardt ( 1 970). Their conclusions were that 

d iets must contain at least 2.9 kcal DE/g DM for young lrunbs and 2.6 

kcal/g DM for older lambs for energy demand to be satisfied. 

Relationships between the voluntary intake of DM, DE concentration 

of the diet , and energy demand are illustrated in Fig.1.2 (from Bin.es , 

1971). The relationships are shown for ruminant animals requiring a 

lower (R1) and a higher (R2) level of DE to maximize their production. 

M is the DE requirement for maintenance and CH, C1 a11d C2 are the 

minimum DE concentrations in the diet that will enable these various 
requirements to be met ,  and hence they are the points at which the 

mechanism of regulation of food intake changes in nature from physical 

to metabolic. 

1.3 .4 Factors involved in the control of voluntary fo'2! 
intake by physical means 

Factors to be considered are the size and capacity of the alimen­
tary organs , and of the abdominal cavity , alimentary tract fill, the 

rate at which the alimentary tract load is reduced; which is a function 
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of the rate of digestion, rate of absorption, and rate of breakdown of 

food particles, particularly in the reticulorumen, rate of passage of 

food residues and motility of the alimentary organs. 

All compartments of the alimentary tract can be considerably 

stretched whe n removed from the animal ( Makela, 1956) and the animal1s 

ability to fill the alimentary organs with food is probably limited by 

the capacity of the body cavity rather than the organs themselves. The 

space occupied by the alimentary tract is limited to var ying degrees by 

the uterus and abdominal fat, and Tayler (1959) obtained significant 

negative relationships between the a�ount of abdominal fat and faecal 

DM output in grazing cattle, suggesting that the degree of fatness of 

the animal can have an effect in physically limiting food intake. A 

reduced food intake by ewes during the last weeks of pregnancy was 

observed by Reid (1961), the effects being greater with ewes carrying 

twins. The experiments of Forbes (1968 ) are of considerable interest 

in this context, where photographic se ctions of frozen ewes showed 

extensive upward displacement of the ventral rwnen by the uterus, as 

pregnancy advanced. The voluntary intake of the ewes fell in the 

latter stages of pregnancy, but at a rate less than the decrease in the 

volume of the reticulorumen contents (Forbes, 1970). This discrepancy 

may be explained by an increase in the rate of passage of food residues, 

as Graham & Williams ( 1962) observed a faster rate of passage in sheep 

in late pregnancy. This wo uld help to offset the increase in the space 

occupied by the uterus. 

Evidence that food intake is limited by physical factors is provided 

by experiments involving the addition or removal of food materials from 

the reticulorumen. Removal of swallowed hay as it entered the reticule­

rumen over the first 3 h. of a meal increased the amount of hay consumed 

by cows, and the addition of digesta from recently ingested hay resulted 

in a decrease in the hay consumed (Campling & Balch, 1961 ) . The addition 

of food or sawdust to the rumen of sheep by Weston (1966) resulted in a 

compensatory drop in food intake , except on the first day of intra­

ruminal feeding, but the addition of finely ground polyvinyl chloride 

had a much smaller effect on food intake, which vleston attributed to its 

rapid passage out of the reticulonunen. The above evidence provides 
I 

support for a hypothesis of physical limitation of voluntary intake by 

ruminants receiving roughages7 with the e xistence of a maximum critical 

level of fill of the reticulorumen which is reached at the end of a 



period of food consumption , which then presumably signals the end of 

eating . Further support for the hypothe sis is seen with ru.mi.."'lants 

g iven diets such as dried grass or hay where they eat to a constant 
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fill of the reticulorumen ( Blaxter , Wainman & Wil son , 1 961 ; Ulyatt , 

Blaxter & McDonald , 1 967; Freer & C ampling , 1 963 ) .  In contrast to these 

re stlit s ,  Campling, Freer & Balch ( 1 961 ) observed - that when c ows were 

g iven hay or stra\f ad l j_bitum , they consumed more than twice as much 

hay as straw. Immediately after the meal the dry weight of the digesta 

in the reticulorumen was 3 5% greater with the hay than with the straw. 

D ry matter as such is probably not a good meast�e of the space filling 

characteristic s of foods , and factors such as the density of the food 

and total wet weight of the dige sta may be more useful criteria. Using 

d iets with a range of apparent d igestibilitie s fed to lamb s , Montgomery 

& Baumgardt ( 1 965a )observed that the calculated DM fill of the alimentary 

tract was not constant between diets but was lowe st with the diets of 

lowe st apparent digestibility , and Bine s & Davey ( 1 9 70 ) obtained a 

s ignificant negative relations hip between the total amount of digesta in 

the reticulorumen of cows after feeding, and the apparent digestibility 

of the diet. Further evidence for variations in reticulorumen fill 

following feeding was also provided by Egan ( 1 9 70 ) ,  who fed sheep on 

diets differing in apparent d ige stibility and protein content . When 

protein supplements were g iven via the duodenum , food intake and the 

amount of digesta in the reticulorumen inc reased . The amount of dig e sta 

in the reticulorumen was greate st with the food s of highe st apparent 

d ig e stibility and crude protein content , and the quantity of digesta 

increased as intake increased. It was concluded by Egan that the level 

of f ill is not con stant between diets ,  but is influenced by other 

factors , one being the protein status of the animal . 

In further work involving the addition of inert material , or the 

food it self,  or water filled bladder s to the reticulorumen of sheep 

receiving foods of high and low apparent digestibil ity , Egan { 1 9 72 )  

stated that his re sults indicated that sensitivity to indigestible 

material c an limit the intake of a roughage even though the amount of 

d igesta in the reticulorumen is not necessarily at the maximum physi­

cally permis sible.  He stated that relationship s  exist between the 

nutritive value of the diet , the nutrient status of the animal and its 

ability to accommod ate indige stible material . The results reported by 

Egan ( 1 970, 1 972 ) support the hypothe sis that mechanisms exist which 



override fill , or involve a resettine of the fill threshold at a 

d ifferent level . 

If alimentary tract distensi on , or more particularly distension 

of the reticulorumen , is important in limiting intake , then factors 

1 0  

that will re sult in a decrease in fill or load will , by providing more 

space , allow the animal to increase its intake of food . Close positive 

relationships between the voluntary intake of roughages  and their 

apparent digestibility have been demonstrated by many 1,.10rkers ( Blaxter, 

ltlainman & 1t/i1son, 1 961 ; Hinson, Harris ,  Raymond & Milford , 1 964 ) but 

as apparent dige stibility of the ration i s  only indirectly related to 

the rate at which the rumen load is reduced , poor relationships between 

these variables  have been observed (We ston, 1 967 ) .  In addition Baumgardt 

( 1 970 ) has pointed out that the physical form of the diet will affect the 

relationship and states that the density of the ration and its space­

filling characteristic s may be importa'1t and sugge sts that foods be 

expre ssed in terms of DE per unit volume . 

The tvTo avenues for removal of organic matter ( OM)  from the 

reticuloru11en are by absorption and eructation , and propulsion to the 

omasum ( see Fig . 1 . 3 ) .  The higher the OM dige stibility in the reticula­

rumen , the more rapidly will OM be removed from the organ, providing 

other factors remain consta'1t . The voluntary intakes of roughage s low 

in nitrogen can be improved by the add ition of nitrogenous compound s ,  

which by increasing the rate o f  microbial dige stion , nasten the removal 

of OM from the rumen (Campling , Freer & Balch, 1 962;  Hemsley & Moir , 

1 963 ; Weston , 1 967 ) .  The reverse effect  is seen with antibiotics which 

depress microbial activity and reduce intake ( Bell ,  Whitehair & Gallup , 

1 951 , Oyaert , Quin & Cl ark , 1 9  51 ) • 

The reduction of particle size by mastication, or by presenting the 

food in a ground form and thus allowing particle s to be removed at a 

greater rate through the small reticulo-omasal orifice ,  are important 

factors affecting the rate of removal of OH from the reticulorumen (Fig .  

1 . 3  ) .  The significance of rumination has been stud ied by Pearce & Moir 

( 1 964 ) where muzzling of sheep to prevent rumination increased the 

retention time of food re sidue s in the re ticulortL118n. By contrast ,  the 

retention time was decreased when a ground roughage ration was fed,  

instead of a chaffed ration. Evidence that grinding of roughages 

inc rease s voluntary food intake is provided by Minson ( 1 963 ) ,  and 

Campling , Freer & Balch ( 1 963 ) ,  with some eviden ce that the increased 
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intake with grinding is greater with poor food s ( oat straw ) ,  compared 

with food s of higher quality (hay and dried gras s ) ,  (C &�pling & Freer, 

1 966 ; C ampling ,  Freer & Balch , 1 963 ) .  However, Hogan & Westcn ( 1 96 7 )  

found that the percenta�e increase in intake o f  sheep rec eiving wheaten 

hay or lucerne hay following grind ing was similar, although larger 

total amount s of the latter food vJere eaten. As a re sult of the 

relationship between voluntary food intake and rate of removal of OM 

from the reticulorumen , there is an inverse relationship between the 

retention time of und igested food re sidue s and voluntary intake ( Blaxter, 

Wainman & Wil son, 1 961 ; C ampling , 1 966b ) .  Causal relationships are not 

known with c ertainty, although the grinding of roughages, in that it 

increases the rate at which food particle s  leave the reticulorumen, i s  

assoc iated with increased voluntary intake ( Mins on, 1 963 ) .  

Most attention has been d irected to the reticul orumen, but the 

capac ity of the tract caud al to this organ and its effect on the flow 

of digesta from the retictuorumen may limit food intake . Distension of 

the abomasum inhibits contractions of the reticulo�T.en ( Titchen, 1 9 58 ,  

1 96 0 )  and omasal outf1 o w  ( Ash, 1 962 ) ,  and thus could b e  expe c ted to 

reduce the flow from the reticulorumen. There is evidence to suggest 

t hat where the flow of dige sta out of the reticulorumen i s  enhanced by 

finely grinding roughage, the amount of material in the abomasum and 

inte stine s may limit food intake (C ampling & Freer, 1 966 ) .  
With many of the studie s  rel ating to the physical c apacity of the 

alimentary tract, conclusions have been based on amounts of DM or OM, 

and the contribution t hat the liquid mass make s to fill has been 

neglected . As water ac c ounts for approximately 9 0%  of the weight of 

the digesta in the reticulorumen (Reid, Bailey & Glenday, 1 967 ), it 

c ould make a considerable contribution to the effec ts of distension. 

Ho-v;ever, the addition of larg e volume s of water to the reticulorumen 

has
· 

little e ffect on food intake (Campling & Balch, 1 961 ) probably 

because of the rapid ab sorption and exit of this exc ess water. This 

may not be true of water held within the mass of the dige sta, but 

evidence is lacking . 

1 . 3 . 5  Factors involved in the control of voluntarY food intake 

by metabolic means 

As was shown in Fig. 1 . 1 and discussed in section 1 .3 . 2, there is 
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evidence of regulation of food intake in ruminants in proporti on to 

their energy expenditure , where food intake i s  not governed primarily 

by the c apac i ty of the alimentary tract to ac commodate food residue s .  

The dige sti on , absorption , and metabol ism of nutrients results in 

change s in the levels of metabolite s in the al imenta17 tract or body 

fluid s and c hange s in he at producti on , which may act as feedbacks1 which 

stimulate or inhibit food intake . Three main theorie s have been proposed 

to explain the relationship between food intake and energy expenditure 

in animals , resulting from metabolic chang e s .  The se theorie s attempt 

to identify the signals involved and are enwnerated as follows : -

1. the ther�ostatic theory ) short-term c ontrol 
) 

2. the chemostatic theory ) of food intake 

3 .  the lipostatic theory long-term control 

The thermostatic theory proposed by Brobe ck (1960) was based on 

observations that the food intake of animal s increased in the cold and 

decreased at high tempe ratur e s  and that food intake may be controlled 

by change s in body heat produc tion, with the suggesti on that temperature 

rec eptors in the ante rior hypothalamus stimulate or inhibit feeding . 

The theory rece ived some support , as far as ruminants are conc erned , 

whe n  Andersson & Larsson (1961) observed that cooling the hypothalamus 

of g oats increased ,  and warming decreased food intake . The tempe rature 

changes at the hypothalamus in the se exper�nents vrere cons idered higher 

than was physiologically possible by Baile ( 1968), and work by Baile , 

Mahoney & �hyer ( 1968); Baile & Mayer ( 1968) and Dinius , Kavanaugh & 
Baumgardt ( 1 970) showed that hypothalamic temperature chang e s  were not 

related to changes in food intake . Baile & Mayer ( 1963) concluded that 

temperature change s re sulting from the inge stion of food were not 

important feedbacks in the regulation of food intake.  C ertainly animru.s 

adj ust the ir food intake in re sponse to change s in environmental 

temperature ( eg . Appleman & Delouche , 1958), but the food intake 

re spons& i s  probably secondary to a change in energy balance or the 

rate of heat los s ,  or both , rather than a re sponse to a change in 
hypotbalamic temperature .  

The chemostatic theory proposed by l1ayer ( 1 955) i s  based on 

evidence that the availability and utiliz ation of glucose ac ts as a 

feedback in the control of food intake by monogastrics , although it is 
not l ikely to be an importfu�t feedback component in ruminants ( Baile & 
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Hayer , 1 970 ) and intravenous infusions of glucose into ruminants do not 

depre ss food intake ( ��nning , Alexander, Kreuger & Bogart , 1 9 59 ) . The 

possibility that volatile fatty acids (VFA ) produced in the reticula­

rumen act as components of a feedback system ( chernostatic control ) has 

received considerable attention. The VFAs have several characteristics 

that make it probable that they play a part in the control of food 

intake in ruminants .  They are an important source of energy to the 

ruminru1t and are largely produced in , and absorbed from the reticula­

rumen , and their rates of production and absorption are related to 

feeding ( Sirnkins , Suttie & Bau11gardt , 1 965 ) .  Intraruminal infusions of 

VFAs can decrease the voluntary intake of cattle (Rook , Balch & Campling , 

1 960; Rook , Balch , Campling & Fisher , 1 963 ;  Hontgomery, Schultz & 
Baumgarctt , 1 963 ) and sheep, ( Baile & Pfander, 1 966 ; Ulyatt , 1 965 ; 

Weston, 1 966 ) .  

In these experiments acetic acid reduced food intake most consist­

ently, although propionic and butyric acids have also caused reductions . 

Intravenous infusions of VFAs have given variable results. Thus Dowden 

& Jacobson ( 1 960 ) observed that intravenous infusions of acetic and 

propionic acid into cattle reduced food intake , whereas Holder ( 1 963 ) 

found that intravenous infusions of acetate into sheep , which resulted 

in higher than normal post-prandial blood acetate levels ,  did not affect 

food intake . Baile & Mayer ( 1 968 ) demonstrated that acetate and 

propionate inj ections into the runen of goats were more effective in 

depre ssing food intake than were inje ctions of acetate , at the same rate , 

into the j ugular vein. It was suggested that pos sible receptors were 

located on the lumen side of the rumen wall for both these acids.  The 

above approach , involving a comparison o f  the effects of intraruminal 

and intravenous infusion appears to be a more satisfactory attempt at 

defining components of the feedbacks and their location. Subsequent work 

( see Baile & Mayer, 1 9 70 ) ,  indicated that changes in propionate concen­

tration may be sensed in the por tal system as well as in the rumen . Great 

care is needed in the interpretation of the results of experi�ents where 

concentrations of metabolites are infused into animals , as pos sibly the 

first sympton of metabolic stre ss is a depression in food intake . 

Hervey ( 1 969 ) pointed out that it is difficult to see how either 

the thermostatic or chemostatic theories ac count for the quantitative 

accuracy of the regulation of energy balance in the long term. Disturb­

ances of body temperature , or of glucose or other metabolites are short-
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lived , and are rapidly corrected by specific regulatory mechanisms , and 

there is no evident means by which past c hanges c an be integrated over 

a period of time . The long term balance of e nergy implie s a memory 

system or reference _input . This could be supplied by the size of the 

fat depots .  Kennedy ( 1953) in his l ipostatic theory postulated that 

feedbacks consi sting of c irculating metabolit e s ,  released in proportion 

to the siz e  of the fat depots of the animal , might be involved in the 

long term control of food intake and energy balance .  In support of this 

theory ,  Hervey ( 1 971 ) stated that the amount of fat in the body provides 

an integrated record of the total of all past g ains and los ses of e nergy, 

and it is difficult to see what physiological quantity, other than fat 

depot s ,  could act in this way . 

Ind irect evidence for the long term control of food intake and 

c hang e s  in the set-point of the referenc e input is provided by S c hinckel 

( 1960) with sheep , and Hutton ( 1963) with non-lactating cattle , e ach of 

whom observed a progre ssive decline in voluntary intake by their animals 

until finally food intake was reduced to a level sufficient to maintain 

the se animals in a fat state . However it is pos sible , as discus sed in 
section 1.3. 4, that a reduction in the food intake of fat animals c ould 

be brought about by the physical restriction of abdominal fat within 

the body c avity , although Bines ,  Suzuki & Balch ( 1969) observed that the 

intake of concentrate s was reduced in fat compared with thin c attle and 

it is possible that a l ipostatic mechanism as postulated by Kennedy 

( 1953) may have been involved .  

An Lnportant factor i n  the validation o f  the l ipostatic theory would 

be the identific ati on of the satiety signals involved . Plasma free fatty 

acids (FFA) have been found to be useful predic tors of sub sequent food 

intake in l actating sheep ( Thye , Warner & Miller, 1 970 ) .  A rec iprocal 

relationship between FFA and glucose utilization has been observed in 
humans (Van Itallie & Hashim , 1960) ,  and FFA increase and decrease with 

feeding , and c hanges in ene rgy balanc e .  That insulin and growth hormone 

also play a role has been sugge sted by Kennedy ( 1966), but it must be 

concluded that there is no evidence that any one hormone or metabolite 

acts as the signal from the fat depot s .  In conclus ion� as Kennedy ( 1966) 
sugg e sted , it may be incorrect to see the long term and short term 

c ontrol of food intake as ind ependent systems .  What is certain is that 

the control of food intake is multi-fac torial , with no sharp division 

between one form of c ontro l and ��othe r ,  and that the effects cannot be 
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explained by . any one mech��ism.  

1 . 3 . 6  Integration of factors controlling voluntary food intake 

A hypothetical scheme which summarises some of the components 

thought to function in the control of voluntary food intake is illust­

rated in Fig.1 .4. It is a modification of the schemes of Baile (1 968 ) 

and Baumgardt (1 970) and is a simplification of a higrliy complex system. 

The scheme is based on the assumption that energy balance is the 

regulated component, with food intake as a component of the control 

system. Energy balance is determined by the input of energy as food, 

which is partitioned to various metabolic pathways, and energy output, 

which is dependent on the physiological state of the animal . A negative 

energy balance is induced by a decrease in energy intake or an increase 

in energy output, without a concomitant increase in intake. Provided 

energy intake is not inhibited by limiting factors such as metabolic 

disturbances (Krebs, 1 966) or sensory factors, (Morgane & Jacobs, 1969 ) 

or capacity of the alimentary tract, then food intake increases with an 

increase in energy output. With the consumption of food, digestion, 

absorption and metabolism re sults in physical and metabolic changes in 

the animal which act as feedback signals , �1ich stimulate or inhibit 

food intake . The change s  that occur and their effect on voluntary 

intake were discussed in detail in sections 1.3 . 3  and 1 . 3.4. 

The feedback control system c onsists of receptors for detection, 

and a controlling centre (the brain) ,  which also contains a memory or 

reference element. Feedback inputs resulting from short term and long 

term signals are relayed to the hypothalamus which integrates the 

inputs so that energy balance is maintained. A problem of central 

importance has been to und erstand the signals involved and their 

receptor sites.  The information is not precise, but a number of 

theorie s discussed in section 1.3 . 5  have been proposed for what is  a 

complex system. 

The control of voluntary intake by physical and metabolic means 

were discussed separately in sections 1 .3 .4 ��d 1 .3 . 5  respectively. 

Whilst it was convenient to discuss these factors separately, as 

already noted, they are not independent and the statement made by 

Egan (1970) 

"that a complex of interacting physical and metabolic 
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factors may be involved throughout the whole range 

of diets utilized by ruminants ,  and that there is 

not simply a switch-over to metabolic reg�lation 

at a point where disposal of indigestible bulk is 

no longer an embarrassment or a limitation to the 

total digestible energy intake 1 1 , 

illustrates an important concept that forms the underlying basis of 

this study. 

1 . 4 INCREASING THE ENERGY EXPENDITURE OF SHEEP BY SHEARING , IN 

ORDER TO INVESTIGATE FACTORS AFF.EX;TJNG VOLUNTARY FOOD INTAKE 
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When sheep are shorn, increases have been observed in heat product­

ion , ( Armstrong , Blaxter,  Graham & Wainman, 1 959 ;  Farrell , Leng & 
Corbett , 1 972), fasting heat production, (Farrell & Corbett , 1 970) and 

in heart rate (Webster & Lynch, 1 966; Wodzicka-To�aszewska, 1 963) . 

Armstrong , Blaxter, Grahan & Wainman ( 1 959 ) fed their sheep dried grass 

at three levels ;  600, 1 200 and 1 800 g DM per day. The sheep were closely 

clipped to give a fleece length of 0. 1 cm and heat production increased 

by 8 to 900 kcal/24 h.  at the high level of feeding , 1 1 00 kcal/24 h. at 

the medium level of feeding , and about 1 3  to 1 400 kcal/24 h. at the low 

level of feeding . The above values were estimated from graphed results 

for an environmental temperature of 1 3°C ,  which was the temperature used 

in the experiments described in the following Chapters. Farrell & 
C orbett ( 1 970) measured fasting heat production of the sheep soon after 

they were removed from pasture. The maxim�m increase in fasting heat 

production after sheep were shorn was 44% , and a return to pre-shearing 

values was not observed until day 1 35 following shearing. Heart rate 

increased immediately after shearing ( Wodzicka-Tomaszewska, 1 963),  which 

is indirect , if rather imprecise evidence ( CSIRO, 1 960), that heat 

production had increased. The above evidence therefore indicates that 

a considerable increase in energy expenditure occurs when sheep are shorn. 

A number of workers have shown that the food intake of sheep 

increases when they are shorn. Wheeler, Reardon & Lambourne ( 1 963 ) 

observed increases in food intake of 42 to 62% following shearing , with 

sheep grazing pasture . The mean minimum temperature after shearing 

ranged from 7° to 1 1 °C ,  the corresponding maximum tempe ratures being 1 9  
to 20°C.  Wodzicka-Tomaszewska (1963) studying sheep fed a diet of hay 



and a pelleted concentrate mixture , obta:ined increases in focxi intake 

following shearing of 50% , with air temperatures ranging from about 7 

to 1 2°C .  In neither of the above experiments were u.nshorn control 

sheep used. In a further experime nt , this time using u.nshorn control 

sheep as well as shorn sheep , Wodzicka-Tomaszewska ( 1 964 ) obtained 

increase s in food intake ( hay and pelleted concentrates ) of 1 9  to 43% 

(mean 32% )  at environmental temperature s of 1 0° to 1 3 °C .  In all of 

the se studie s ,  the diets could be de scribed as being of good quality, 

and limitations of food intake by physical factors or sub-optimal 

levels of protein may not have been expected to be of importance .  In 
none of the se experime nts were measurements made which would help to 

explain mechanisms controlling food intake . 

1 9  

Conrad,  Pratt & Hibbs ( 1 964) concluded that vihen the DM dige st­

ibility of the diet was greater than about 67% , the primary determinant 

of food intake \·TaS the physiological state of · the animal , so that an 
increase in energy output would result in a concomitant increase in 

voluntary food intake . The considerable increases in voluntary intake 

observed by Wheeler, Reardon & Lambourne ( 1 963 ) and Wodzicka-Tomaszewska 

( 1 963 ) vihen sheep were shorn is compatible with the findi.'lg s of C onrad, 

Pratt & Hibbs ( 1 964 ) .  
w�en the present series of experiments were begun i n  1 968,  there 

had been no studie s made on changes in food intake of sheep receiving 

food of low apparent digestibility , following shearing . With this type 

of food, voluntary intake would be limited mainly by physical means , 

such as the rate at which food residues are removed from the reticule­

rumen, so that the scope for increasing food intake might be expected 

to be small , in response to an increase in e nergy expenditure , followjng 

shearing . 

Hypothe ses based on evidence discussed in the review, are introduced 

in the next section. The se hypothese s form the basis of the series of 

experiments , reported in subsequent Chapters .  

1 . 5 THE MAIN OBJECTIVES OF Tllli THESIS AND EXPERIMENTAL PAT TERN 

The main obj ectives of the experiment s to follow were to examine 

the following hypothese s : -

1 .  that an increase in energy expenditure , induced by shearing , 

would result in a minimal increase in the voluntary intake of 



of she ep receiving food of low apparent digestibility , and 

that the intake of sheep receiving food of high apparent 

dig estibility would increase to meet the increase in energy 

expend iture 

2. that a change in the phys iological state of �1eep , induced by 

shearing , would affect value s such as the retention time of 

food residue s and amount s of food re sidue s  in the al imentary 

tract ,  concerned with the physical regulation of voluntary 

food intake . 
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The shearing of sheep was thus used as a convenient method to 

c hange the animal 1 s energy demand readily , and to use thi s  as a model 

to investig ate relationships between the DE concentration of diets and 

voluntary food intake . A number of que stions were raised and problems 

encountered , as the work progre ssed , and the experiments were designed 

in an attempt to answer some of these questions as they arose. In the 

experiment reported in C hapte r 3 ,  the volunta� intake s of sheep 

receiving chopped hay or a concentrate-oat husk mixture were compared , 

before and after shearing . The day to day variation L� the voluntary 

intake s of the sheep receiving the concentrate-oat husk mixture was so 

high that its use was abandoned , and was replaced in subsequent experi­

ments (C hapter 4 and 5 )  by dried gras s ,  as the food of high DE 

c oncentration . 

The re sults of further work sugge sted that the a�ount of dige sta 

in the reticuloru�en may not have been the main factor l imiting the 

voluntary intake of chopped hay. Rather it may have been the rate at 

which food re sidue s were able to leave the reticulorumen , so that in 
some of the experiments reported in C hapter 4, the change in voluntary 

intakes of sheep receiving ground hay were measur e d ,  before and after 

shearing . It was noted in some of the experime nts that the voluntary 

intakes of unshorn sheep receiving dried grass decreased with time , and 

it was postulated that the body cond ition of the animals may have been 

assoc iated with this effect.  Accordingly in C hapter 5, an experiment 

is reported which c ompared the ch��g e s  in voluntary intake when fat 

and thin sheep receiving dried grass were shorn. 

In most of the experiment s  dealing with the effec t of shearing in 

changing voluntary intake , it was difficult to reconcile the extent of 

the se chang e s  with published re sults on the increase in heat produc tion 

that occurs when sheep are shorn. For t his reason , experiments lolere 
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carrie d  out (Chapter 6 )  to determine the change in heat produc tion 

following shearing with sheep held under the same cond itions as those 

in the main experiments on intake. 

Following the completion of much of this work , two papers have 

been published with s imilar obj e ctives by \>Je ston ( 1 970 ) ,  and Minson & 
Ternouth ( 1 971 ) . Weston used a wheaten hay of low apparent digestibil­

ity ru� varied ambient temperatur e s ,  whereas Minson & Ternouth used 

hays of different apparent dige stibilitie s ,  with fluctuating ambient 

temperatur e s .  In the serie s of experiment s that follow ,  ambient 

t emperature s were held constant at 1 3°C and vari ous measurement s ,  not 

c arried out by the above worker s ,  such as reticulorumen fil l ,  apparent 

digestibility in the re ticulorurnen , retention time of food re sidue s ,  

e ating behaviour and re sponse s  of fat and thin sheep following shearing , 

were studied. 

Whil st the main theme of the work in this thesis was conc erned 

with factor s controlling food intak e ,  a series of experiments (Chapter 

2 )  were conducted with the obj ective of comparing method s of measuring 

the r etention time of food re sidue s in the alimentary tract of sheep.  

This work was considered necessary be cause of the proj ected intensive 

use of this measurement jn the main intake experiments. 



. CHAPTER 2 

A C OMPARISON OF METHODS OF HEASURIN::;. THE TIME 

OF RETEN T ION OF FOOD RESIDUES IN THE ALIHENTARY 

TRP..C T OF SHEEP 

S U M M A R Y  

Retention time s of food re sidues in the alimentary tract 
of sheep �ere c ompared using three marker s ,  Mn ,  1 44c e ,  and 
food stained with safranine . 

The foods used wer e  c hopped hay and ground hay , c hopped 
dried grass ,  and a concentrate-oat husk mixture . The sheep 
... rere fed both ad libitum and at re stricted levels in the 
vari ous experiments. 

When chopped hay and dried gras s were fed ad libitum, mean 
retention time s with 1 44c e were significantly le ss ( p < 0. 05 )  
than those obtained with stained food.  When the above foods 
were fed at re stricted l evel s ,  there were no differe nc e s  in 
mean retention time s between the two method s. In the one 
experiment �ith ground hay fed at re stric ted level s , there 
were no difference s  in retention time s between food treated 
with 1 1� e  and stained food . 

With the concentrate-oat husk mixture , mean r etention times 
with 1 44c e  were c onsider ably le ss than those obtained with 
stained food . Pos sible reasons for this differenc e were examine d ,  
the most likely was the migration of 1 44ce from particulate 
matter into soluti on .  

The variati on in mean retention time s within and between 
sheep was less with 1 44c e than with stained particle s and was an 
impor tant factor in the decision to use 1 44c e in subsequent 
experiments. The rapidity with which retention time s c an be 
determined using 1 44c e is an advan tage where re source s  are 
limited ,  although the need for safety precautions limits its wide 
applicati on. 

Bec ause of variations in background levels , Mn was unsatis­
factory as a marke r. 
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2 .1 INTROD ICTION 

In studie s  of the utilisation of foodstuffs by ruminants , inform­
ation on the flow of particulate matter along the alimentary tract is 
of value in the interpretation of factors affecting voluntary intake , 
in that it is related to the reduction of alimentary tract fill . 

The most widely used method for determining the flow of particulate 
matter is that described by Balch ( 1 95 0 )  where stained foods were fed , 
and the stained particle s in sieved faeces were counted .  The method i s  
time consuming , and Ellis & Huston ( 1 967 ) ha.ve questioned the validity 
of results vihere an extractive proces s , involving the sieving of faeces , 
is used in the counting of the stained particles .  The use of a radio­
active marker was therefore considered in the hope that it would add 
convenience and precision to the measurement of the retention time of 
food residues in the alimentary tract of sheep. 

It is necessary that the marker used must be closely associated 
with the food residues it is marking , and that it should not be absorbed 
from the alimentary tract. Radiocolloidal concentrations of radiocerium 
( 1 44ce )  adsorb strongly onto pax·ticulate matter, ( Ellis , 1 968 ; Ellis & 
Huston , 1 968 ) ,  and is not absorbed to any extent from the alimentary 
tract,  according to Garner,Jones & Ekman ( 1 960) , who first suggested 
its use as a marker. Huston & Ellis ( 1 968 ) ,  and Ellis & Huston ( 1 9 68 )  
evaluated 1 44ce as a marker in digestion studies for ruminants ,  and 
their in vivo and in vitro result s suggested that it remained in close 

' ' 

physical association with indigestible food residue s during passage 
through the alimentary tract.  This close association was maintained by 
continued adsorption to indigestible particle s or by readsorption to 
other particles .  

A disadvantage of radioactive markers is the care needed in their 
handling and disposal .  An alternative marker that would remain closely 
associated with indigestible food re sidue s in the al.imentary tract and 
which could be readily and precisely determined in faece s ,  was invest­
igated. Potassium permanganate has a strong affinity for lignin (Van 

Soest & Wine , 1 968 ) and it was considered that the Hn. in this compound 
might prove useful - as the alternative marker. 

A number of experiments were therefore carried out comparing the 
mean retention time s of various foods stained with safranine or treated 
with 1 44ce or potassium permanganate ( Mn ) .  
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MATERIALS AND METHODS 

Plan of experiments 

The experiments carried out to compare mean retention times of 
food residues in the alimentary tract of sheep , using various markers,  

are summarised in Table 2 . 1 . The experiments in which feeding was ad 

l ibitum were part of a number of investigations into the effects of 

shearing on the vollli�tary food intake of sheep. In these experiments 

there were large variations in voluntary food intake between sheep and 

in experiments 1 ( a ) ,  2 and 4( a )  food intakes increased in Period 2 when 

the sheep were shorn. Although the effects of shearing on food intake 

were examined in experiments 1 ( c )  and J ( a ) ,  mean retention time s ,  obtain­

ed by the different methods ,  were determined in the pre-shearing period 

only ( Period 1 ) • 

TABLE 2. 1 Plan of the experiments to compare different methods 

of measuring the retention time of food residues in 

the alimentary tract of sheep 

Expt Food No. of No. of Feeding Markers 

no. sheep periods level c ompared 

1 ( a )  Chopped hay 3 2 ad libitum 144c e ,  S .F . ,  it 

1 (b )  lk 3 1 restricted 144-ce ,  S .F . ,  

1 ( c ) 11 4 1 ad libitum 1 44c e ,  S .F .  

1 ( d )  ll 3 3 restricted 14/+c e ,  S .F . , 

2 Ground hay 3 2 re stricted 1 44c e ,  S .F .  

J ( a ) Dried grass 4 1 ad libitum 144c e ,  S . F .  

J (b ) .. ll 3 2 re stricted 144-ce ,  S .F .  

4 ( a ) Concentration- J 2 ad libitum 144c e ,  S .F . , 
oat husk 
mixture 

4 ( b ) ll ll 3 1 restricted 144c e ,  S .F . ,  

4 (c )  lt lt 3 1 restricted 144c e ,  S .F . 

� S .F �  Foo.d stained with safranine 

Mn 

Mn 

PEG 

Mn 

Mn 



25 

To further assist in the interpretation of results ,  experiments 
with unshorn sheep, and independent from the intake experiments were 
also carried out at restricted levels of intake , so that food intake was 
held as constant as pos sible bet\.reen sheep. The se experiments (Expts 
1 ( d )  and 3 ( b ) )  were extended into three and two periods respectively 
with food intakes held constant between sheep and periods.  The data on 
mean retention time were analysed by analysis of vro·iance for differ­
ences between sheep , methods ,  and where applicable , periods. The foods 
used were chopped hay and gro und hay, chopped dried grass ,  and a 
pelleted concentrate-oat husk mixture ( barley-meal 60% ,  linseed meal 
1 5% and oat husks 25% ), and were those used i� the main experiments 
investigating the effects of shearing on voluntary intake . 

In an effort to explain the large differenc e s  in mean retention 
times  between 144ce and the stained food methods ,  when the concentrate­
oat husk mixture was used, the fresh faeces collected in Expt 4( c )  were 
separated into fine and coarse particle fractions through wire mesh 
sieves ,  using a j et of water.  Fine particles were those passing through 
a sieve aperture of 0. 1 4  mm squru·e , and coarse particles were those 
retained by a sieve with apertures 0.42 mTI square . The resulting 
fractions were dried and assayed for radioactivity. 

To obtain an indication of the extent to which 1 44ce remained in 
association with food r e s idue s ,  s runple s of the hay and conc entrate-oat 

husk mixture , treated with 144ce , were incubated with rumen contents 
using the in vitro digestibility technique of Tilley & Terry ( 1 963 ) . 
After 48 h. incubation with rumen liquor at pH 6 .8  to 7 . 0  ( Stage 1 ) , 
the sample s were centrifuged at 3000 � for 1 5  min. and filtered. The 
supernatar'lts were then assayed for radioactivity. Supernatants were 
also assayed after a further 48 h. of acid-pepsin incubation at a pH 
of approxiTiately 1 .4 ( Stage 2). Eight Stage 1 and eight Stage 2 
incubations were carried out for each food� 

To examine the possibility that centrifugation may have influenced 
the movement of 144ce into the liquid phase , 1 2  Stage 2 incubations were 
carried out with hay and with the concentrate-oat husk mixture treated 
with 144ce ,  and centrifugation and filtration were compared with filtra­
tion alone in the preparation of the samples for radioassay. 



2.2.2 Animals 

Castrated Romney male sheep (wethers ) with rumen fistulae were 
used in all experime nts .  The sheep were kept in individual crate s  in 
controlled temperature rooms at 13°C � 1°C. Water was available at 
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. all ti11e s and 5 g of a commerc ial vitamin and mineral mixture was 
given to the sheep daily. f The sheep rece ived regular tre atment with 
anthelmintics. Where sheep were fed ad libitum they were fed twice 
daily , approximately 60% of the day ' s  food at 0100 h. and 4($ at 1 600 h. 
The sheep fed at re stric ted level s of intake were offered food onc e 
daily at 0100 h. The apparent dige stibility of the DM of the foods was 
determined by total collection of faeces over 14 days where sheep were 
fed ad libitum or over 10 days where food was restricted. 

2.2.3 Markers 

Foods for staining were treated with a 0. 01% solution of safranine , 
which was fixed with hot water at approximately 95°C and then repe atedly 
washed with hot water. Sample s of faece s were homogenised in a blender 
and stained particle s were com1ted using the method of Balch (1950 ). 

Radiocerium ( 1 44c e  solution of cerous c hloride in IN HC1 , Radiochemical 
C entre , A11ersham, England ) was adsorbed on to samples of foods usine the 
method of Ellis & Huston ( 1 968 ) .  The dose rate was approximately 1 5  ;u 
C i . 1 44c e per she ep. Sample s  of faece s were dried , ground ( 2  mm sieve ) ,  
and prepared for counting by filling tube s to a similar height and , as 
far as pos sible , to a similar degree of compac tion. The faecal sample s 
were counted in a Phillips gamma radiation counter , equipped with a 
well-type crystal . Foods for treatment with Mn were steeped in a 
s olution of &�o4 for 2 h. and surplus KMn04 removed with copious 
washing s with water . Manganese was extracted from the faeces using 
the method of Timperley , Brooks & Peterson ( 1 970 ) and was measured by 
atomic absorption spectrophotometry. Separate sample s of the foods 
were treated with the markers . In Expt 1 ( d )  sample s of fre sh fae c e s  
( approximately 40 g)  were mixed with 150 ml distilled water in a 
blender and the concentration of polyethylene glycol ( PEG )  determined 
by the turbidimetric method of Hyden (1956 ) with modifications by Smith 
{ 1959 ) and Ulyatt (1964). 

=f The vitamin �nd m�er� mixture �uppli�d t�e followi�g (/s�eep( 
day) : 3 ,000 �. u. v�ta11� A ,  300 l . u. v�tamln D3 , 60 � . u. v�tamL� 
E, 0 .6  g Mg ,  0 . 04 g Fe , 0 .07 g Zn ,  0.05 g Mn, 0.1  mg 12 , 
0. 3 mg G o ,  2.5 g bone flour, 1 .5 g NaC1. 



2 . 2 . 4 Administrati on of markers and expre ssion of results 
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Approximately 40 g of each of the treated foods were administered 

via the rumen fistulae and were well mixed with the rumen contents .  In 

Expt 1 ( d )  a dose of approximately 1 0  g PEG ( M.W .4000 ) was dissolved in 

250 ml water and was administered via the · rumen fistulae and mixed with 

the digesta. 

Sample s of faeces were collected 1 0  h.  after marker administration, 

then subsequently at 4 h. intervals on the first day , 6 h. intervals on 

the second day ,  followed by 1 2  h. interval s for the remainder of the 

collection period. The amount of marker ( number of coloured particle s ,  

counts/min for 
1 44c e ,  o r  mg of PEG ) appearing in the faece s  bet\veen the 

time of giving the stained food and any subsequent time was expre ssed 

as a percentage of the total nu�ber of units excreted during a 

particular experiment . The percentage figures were then plotted against 

time to obtain a cumulative excretion curve . Mean retention times were 

calculated from the cumulative curves by the method of summing excretion 

times at 1 0% intervals between the 5% and 95% times and dividing by 1 o, 
as proposed · by Castle ( 1 956 ) .  

RESULTS 

Compari sons of the mean retention time s for different markers ,  
e stimated with sheep receiving chopped hay and ground hay1 are summarised 

in Table 2 . 2.  In Expt 1 ( a )  and 1 ( c ) ,  ( ad libitum feeding ) ,  mean reten­

tion t ime s obtained with food treated with 1 44c e  were signific antly le ss 

( P < 0 . 05 )  than time s obtained with stained food. Difference s  between 

periods in mean retention times for both methods were highly significant 

( P <  0.01 ) in Expt 1 (a ) ,  the shorter times in Period 2 being associated 

with an increase in DM intake of the sheep following shearing. Food 

intakes varied between sheep in both Expt 1 (a )  and 1 ( c )  but despite 

this , differences in mean retention t i:ne s between sheep \-iere not signi­

ficant. There were no significant differences in mean retention time s  

between 1 44c e  treated and stained hay in Expts 1 ( b )  and 1 (d ) ( re stricted 

feeding ), but both differed s ignificaz1tly ( P < o. 01 ) from the mean 

r etention time s for Mn in Expt 1 ( b )  and PEG in Expt 1 (d ) . 

Despite the similar DM intakes ,  both between sheep and periods in 

Expt 1 ( d ) ,  differences in mean retention times between shee p with both 

methods were highly significant ( P <o. 01 ) .  In this experiment one sheep 



TABLE 2 . 2 C omparison of mean retention t imes using different 
markers by sheep receiving varying amounts of chopped 

hay ( Expt 1 a , b , c , d )  and ground hay (Expt 2 ) 

Expt 

1 (a ) 

1 (b )  

1 ( c )  

1 ( d )  

2 

Mean retention time ( h. ) 
Period 1 44ce Stained Mn PEG 

. . .  

food 

1 36 .9 44. 5 33 .9 

2 31 . 7  3 5 .3 27 . 5 

Mean 34 . 3ABa 39 .9Bb 30. 7Aa 

Coeff. of 1 2 . 2 1 5 . 0  1 8 .4 Var 

40. 0a 40.3 a 53 . 8b 

36 .4a 44.9b 

1 L;3 . 4  47 . 4 32 . 7  

2 49 . 3  48 . 0  32 .3  

3 49 . 1 50. 3 31 . 1 

Mean 48 .9a 48 . 5a 32 . 0b 

Coeff. of 1 1 . 6  1 0. 1 6.9 Var 

1 40. 7  34. 0  

2 39 . 5  50. 5 

Mean 40. 1 a 42 • .3a 1 . 7  

Coeff . of 1 3 .6 23 . 2 Var 

The Coefficients of variation includes sheep 

and period variation 

S .E .means 
of methods 

1 . 5  

2 . 5  

1 . 3  

0.7 

Means with dissimilar superscripts are significantly 
different, upper case ( P  < o.ot ) lower case ( P <  0 . 05 )  
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Mean intake 
( g  DW24 h. ) .  

749 

1 085 

1 001 

91 3 

6 52 

589 

61 9 

6 52 

661 
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had c onsistently higher re tention time s than etther of t he other two 
sheep with both 1 44c e  and stained feed, in all periods . The retention 
time s of the three sheep were similar with PEG used as a marke r ,  

. resulting in a signific ant Sheep X Method interacti on, ( P  <0 . 05 ) .  
Results using Mn in Expt 1 ( a )  were in reasonable agreement with the 
other two markers , but in Expt 1 ( b )  retention time s using Mn showed 
co�siderable d ivergence fro m those obtained using 1 44ce or stained food. 
Further inve stigation showed that diurnal variations occurred in back­

ground level s of Mn in both food and faeces and l imited it s use fulne ss 
as a marker. 

With g round hay ( Expt 2, Table 2 . 2 )  there were no s ignificant 
differences between mean r etention time s for method s ,  but differenc e s  
between period s  were signific ant ( P <0. 05 ) de spite the similar DM 

intakes between period s. A significa�t Method s X Period interaction 
I 

( P < 0 . 05 )  was observed largely be cause of the unexplained low retention 
time s obtained in Period 1 with the stained food, but not with the hay 
treated with 1 44ce .  Retention time s using 1 44c e  were more consistent 
throughout the experL� nt ,  with c oeffic ient s of variation of 1 3 .6 and 
23 . 3% for 1 44c e  and stained feed respectively. 

· Re sults of t he experiment s using dried grass are summarised in 
Table 2 . 3 .  Mean re tention time s using 1 44·ce were signific antly les s  
(P  < 0 . 05 )  than those obtained with stained food i n  Expt 3 ( a ) ,  but wen 
the c omparisons were repeated (Expt J (b ) )  with the dried g rass fed at 

a c onstant intake ( r estricted ) over two collecti on periods ,  retention 
time s with 1 44c e  were higher than those obtained with stained feeds ,  
although the differenc e s  were not signific an t .  Re sults usi ng _1 44ce were 
les s  variable ( see Table 2 . 3 ) .  The sheep that had high retention time s  
in Expt 1 ( d )  al so gave high value s in Expt 3 ( b )  with 1 44c e ,  but unlike 

the earlier experiment , high retention time s were not obtained with 
this she e p  with stained food. 

Re sults us ing the concentrate-oat husk mixture are summarised in 
Table 2 . 4. In all experiment s, mean retention time s obtained with the 
stained concentrate-oat husk mixture were considerably longer than 
either the values obtained with 1 44ce or with Mn. In Expt 4 ( a ) ,  
retention time s using the stained food in Period 1 were not obtained 
bec ause of secondary staining . Retention time s with fine and c oarse 
fae c al  particle s from food treated with 1 44c e did not d iffer from each 

other, or to any exten t ,  from t he time s obtained with unsieved faece s  
{ see Table 2 . 4 ) .  



TABLE 2. 3  Comparison of mean retention· times using radiocerium 

and stained food by sheep receiving varying amounts 

of chopped dried grass 

Mean retention time ( h. ) 
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Expt Period 
1 44ce Stained SE of means Mean intake 

food of methods (g DM/24 h. ) 

3 ( a )  34. 3
a 

44. 0b 1. 7  1 012 

3 ( b ) 1 56 . 1 4.8 . 1  659 

2 57. 5  51 .9 667 

Mean 56. 8a 50. 0a 2.7  

C oeff.of Var. 1 0.8  1 6 . 2  

Means with dissimilar superscripts are significantly different 

( P  <o. 05) 

TAB LE 2. 4  Comparison of mean retention times using different 

markers by sheep receiving varying amounts of a 

concentrate-oat husk mixture 

Mean retention time ( h. ) 

Expt Period 
1 44

c e  Stained Mn SE of means Mean Intake 

Food of methods (g DM/24 h. ) 

4 ( a )  1 55. 4  N .D .  63.6 1161 

2 31 . 6
A 

79 . 3
B 

35. 0
1 

5. 2 1647 

Mean 43. 5  49 . 3  

4 ( b ) 51 .6
A 

88 .6
B 

58 .8
A 

3. 6 1033 

4 ( c ) 78 . 7  1 21 . 0  51 5 

Fine 82.2 Particle s 

Course 81 . 0  Particles 

Means with dissimilar superscript are significantly different 

Upper case ( P < 0. 01 ) Lower case ( P < o. 05 ) 

N .D .  = not determined 
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Re sults obtained when ground hay and the concentrate-oat husk 

mixture treated with 
1 44ce were incubated with rwnen liquor are shown 

in Table 2 .  5 .  The results shO\.,r that there was considerable moYement of 
1 41+ce from particulate matter to the supernatant with hay, and an even 

greater movement with the concentrate-oat husk mixture during the Stage 

2 incubation. The comparison bet\�en centrifugation ��d filtering , with 

filtering alone , in the preparation of srunples  is also summarised in 

Table 2 . 5 .  

TAB lE 2 . 5  

Filtered 
only 

Centrifuged 
+ filtered 

The percente.ge radioceriurn in the supernatant 

following in vitro incubation of a concentrate­

oat husk mixture or ground hay, treated with 
1 44

ce 

ut 1 44ce in /0 

Stage 1 incubation 

Hay Concentrate-

oat husk 

mixture 

1 .1 2 .4  

the supernatant 

Stage 2 incubat:Lon 

Hay C oncentrate-

oat husk 

mixture 

24.6 41 . 0  

+ 
1 8 . 5 - 0. 9 32.9 ..:!: 1 .3 

+ 
22 . 4 - 0. 8 

+ 
33 .9 - 1 .6 

Highly significant differences ( P <  0. 0'1 ) were obtained between 

the two methods of separation with the percentage radioactivity being 

lm.rer in the sample s that were filtered only. 

Mean digestibilities for the chopped hay, ground hay,  dried grass 

and the concentrate-oat husk mixture were 56 .6 , 57 . 6 ,  76 . 4  and 69 .6% 

respectively. 
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D ISC USSION 

The results of the se experiments provided evidence that 1 44ce 
could be used as a marker to determine the mean ret.ent:Lon time of foo d 
re sidues in the alimentary tract of sheep . Presumably bec ause of 
variations in the Mn content of the feedstuffs used , duirnal variations 
in background levels of Mn in the faece s reduced the ac curacy of the 
r e sults obtained and made the ir interpretation difficult .  For the se 
reasons Mn was considered an unsatisfactory marker for the particular 
foods used. 

In two experime nt s  with chopped hay, mean retention times found 
with 1 44ce were less than those obtained with stained food. Both of 
the se experime nts involved ad libitu� feeding . When intake s of chopped 
hay were kept constant there were no difference s  in mean retention times 
between 1 44c e and stained food. A s imilar situation oc curred with dried 
gras s in that mean retention t ime s obtained with 1 44ce were lower than 
thos e  with stained food when food was given ad l ibitum, but there were 
no d ifference s when food intake was kept constant . The evidence obtain­
ed in the experiments where food intake was restricted , with both 
c hopped hay and dried grass ,  and where there was good agreement between 
methods ,  were rein forced by repe tition in two or more period s .  In one 
experiment with ground hay there was close agreement in mean retention 
time s between 1 44ce and stained feed , but individual retention time s 
derived from the use of stained food varied widely between sheep and 
periods .  

Lower mean retention time s obtained with 1 4f.c e  compared with 
stained food might be explained on the basis that some of the 1 4f.ce may 
have entered the liquid phase and ��erefore flowed at a faster rate 
than the particulate matter. That this may have occurred is shown in 

the r esults obtained in Expt 1 (d ) where mean retention time s for PEG ,  
which move s with the liquid phas e ,  were considerably le s s  than those 
obtained with 1 44ce or stained food. The evidence obtained from the 
incubation studie s using ground hay or the concentrate-oat husk mixture 
showed that apprec iable amounts of 1 44ce moved into the liquid phase in 
the Stage 2 inc ubation. However , the acid conditions of Stage 2 are 
akin to those found in the abomasum and movement of 1 44c e  into the 
liquid phase at this stage may have had a small effect on mean retention 
times . The method of incorporating markers with the foods may also 
have been a factor influencing mean retention times .  Food for staining 
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is subj ected to repeated washing s with hot water to avoid the 
possibility of secondary s taining . This res1lit s in the loss of small 
particle s and soluble material from the food . The 1 44c e VJas incorpor­
ated by steeping the food in a solution containing 1 44c e  at room 
temperature for 30 min , .  follO\·led by drying , with a minimum loss of 
material . It is pos sible that tbe greater mean retention time s  
observed in some experiments with stained food may have been caused by 
the slower passage of coarser more insoluble material re sulting from 
the preparation proc e s s .  None of the above observations explain why 
there were no difference s  bet\reen 1 44c e and stained food in the experi­
ments VJhere intake s were re stricted. 

Mean retention times obtained with 1 44ce were invariably well 
belo\.J those with stained food in the experime nts where the concentrate­
oat husk mixture was fed .  The techn ique used to determine the extent 
of labelling or stain1ng in faec al sample s varie s greatly bet'Yleen the 
two method s ,  and was thought to be a source of variation. Thus the 
ac tivity of 1 44ce is determined on the complete r ange of particles in 
faece s ,  whereas the sieving technique used to count stained particle s ,  
means that the smaller particle s are not included in the determination .  
With the concentrate-oat husk mix ture , ·the stained particle s available 
for counting consisted almost solely of the oat husk fraction of the 
food . The work of Ellis & Huston ( 1967 )  showed that sieve size was 
important in determining the number of colour ed particle s in faecal 
sampl e s .  However this pos sibility was not supported by the evidence 
obtained in Expt 4( c )  where mean retention time s  for fine and c oarse 
particle s were similar to each otber, and to the unsieved fae c e s .  Move­
ment of 1 44c e into the l iquid phase was muc h  greater with the conc en­
trate-oat husk mixtur e than with hay , and appears to be the most likely 
factor c ontributing to the large differences in mean retention times 
between the 1 44ce and stained feed methods, '  particularly with the 
c oncentrate-oat husk mixture . 

The apparent digestibility of the foods did not appear to be a 
fac tor contributing to difference s bet'YJeen the methods as best agree­
ment was obtained with the bays which were of l ow apparent digestib­
ility and with the dried grass of high apparent dig e stibility .  Miller 
& Byrne (1 970 ) observed that an averag e of 5% of 1 44c e was r emoved 
from ingesta by repeated washing and c entrifugation . Ellis & Huston 
( 1 968 ) noted that excreti on curve s were almost iden tical for 1 44c e  
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initially absorbed onto hay or starch. This indicated that the ingesta 

particulate matter onto which the 1 44ce  was absorbed following its 

release from starch , flowed through the tract in a similar way to the 
1 44ce  originally absorbed onto hay particles. In the present experiment 

the evidence suggests that the extent of bli1ding of 144ce onto food 

residues was in fact less than that observed by Miller & Byrne ( 1 970) 

and Ellis & Huston ( 1 968). 

Because of this and the possibil ity of secondary labelling of food 

residues from several meals, the results would not correspond to 

retention times as determined by the stained particle technique of 

Balch ( 1 950). There is no reason why the stained particle technique , 

as used in the present experiment , would give a more valid measure of 

retention times than would 1 44ce , particularly as soluble material and 

small particles would be lost to a greater extent in the preparation of 

stained food compared with the food treated with 1 1��e. 

The variation in mean retention times within and bet1t1een animals 
was less with 144ce than with the stained particles and was considered 

an important factor in the decision to use 1 44ce  in the experiments 

described in the following chapters. In addition the determination of 

mean retention times with 144ce can be carried out rapidly, and in the 

experiments to follow, these values could not have been determined as 
frequently, with the resources available , if the stained particle 

technique had been used. For safety reasons , additional care is needed 

in the use of 1 44ce, which limits its wide application, although the 

use of neutron activation analysis ( Olbrich , Martz , Vogt & Hilderbrand, 

1 971 ) would overcome this problem . 



CHAPI'ER 3 

�HE EFF.Ex::T OF SHEARING ON VOLUNTARY FOOD INTAKE, 

AND ON THE DIGESTI ON OF A PELLETED C OI'CENTRATE­

OAT HUSK MIXTURE OR CHOPPED HAY FED TO SHEEP 

S U M M A R Y  

1 .  Eighteen Romney wethers receiving either a concentrate­

oat husk mixture or chopped hay were used to stucty the effects 

of shearing on voluntary food intake . 

2. There was a significant increase in dry matter intake 

( P  < 0. 1 0 )  of the sheep receiving the concentrate-oat husk 

mixture over the week when the re sponse to shearing was at a 

maximum, but there was no significant increase in digestible 

energy intake following shearing . Variability in food intake 

within sheep, between weeks was high and limited the value of 

the results obtained, with the concentrate-oat husk mixture . 

3 .  A highly significant increase ( P < 0. 01 ) in the dry 

matter intake of sheep receiving chopped hay occurred 

follo\-Ting shearing . Over the week of maximum response 

following shearing , the dry matter intake increased by 27% , 

compared with the pre-she aring value s.  The apparent d igest­

ibili ty of the chopped hay wa.s depre ssed by approximately 5 

percentage units following shearing . Digestible energy intakes 

of the sheep receiving the chopped hay were depre ssed in the 

first \..reek following shearing . This was followed by an increase 

in digestible energy intake , which reached significance ( P < 0. 05 )  

at the time of maximum response. The sheep receiving the 

chopped hay lost weight at a faster rate follO'I.ling shearing , 

which indicated that the increase in digestible energy intake 

was insuffic ient to meet the greater energy demands of the post­

shearing period. 

4. It was also found with six rumen fistulated sheep tbat : ( i )  

there was le s s  DH ( P < o .  01 ) in the reticulorumen of the sheep 

fed chopped hay, compared with those receiving the concentrate­

oat husk mixture ( ii ) there was a significant increase ( P < 0. 05 )  

in the amount of DM in the reticulorumen of the sheep receiving 



chopped hay, followh1g shearing ( Hi ) there was a gre ater 

amount of wet d ige sta in the reticulorumen of the sheep fed 

chopped hay c ompared with those rec e iving the conc entrate­

oat husk mixture '( iv ) retention time s of food residue s were 

lovier following shearing vri th both foods ( v ) the total amount 

of DM dige sted in the reticulorumen was considerably higher 

with the sheep fed the concentrate-oat husk mixture compared 

with those rec eiving the chopped ha3 , but the amount of DM 

pas sjng from the reticulorumen and voided as fae c e s  was 

similar for both food s ,  viith an increase in both the se 

value s following she aring (vi ) the re sults from intraruminal 

feeding of the two food s indicated that palatabil ity was 

probably unimportant in affecting voluntary food intake in 

this experiment ( vii ) the total time spent chewing was 

longer for the sheep receiving chopped hay than those receiving 

the concentrate-oat husk mixture . 

Indications from the re sults were that physical factors 

appeared to limit the intake of chopped hay , although the 

increased intruce which occurred after shearing indic ated that 

metabolic factors were probably involved. The controlling 

factor with chopped hay did not appear to be the amount of DM 

in the reticul orumen , but may have been the amount of wet 

digesta, and the rate at which dry matter was able to pass from 

the reticulo�1men . The pos sibility that the voluntary intake 

of sheep receiving chopped hay may have been limited partly by 

oropharyngeal mechanisms , and the protein level of the diet, 
was discussed. 

The results obtained on the change s in voluntary intake 

of sheep rece iving the concentrate-oat husk mixture were 

inconclusive , because of the variability of the ll1take data, 

and the small number of sheep used. 

36 
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INTRODill TION 

The obj ective of the experiment described in this Chapter was to 

carry out a preliminary examination of the hypotheses proposed at the 

conclusion of the review of literature (Section 1 . 5 ) . This was 

achieved, for the first hypothesis , by measuring the change in 

voluntary food intake when sheep receiving t�� foods , differing in 

apparent digestibility , were shorn. The foods offered were chopped hay 

or a concentrate-oat husk mixture . 

To examine the second hypothesis , measurements concerned with the 

physical control of food intake were obtained before and after the sheep 

were shorn. These were the a�ount of digesta in the reticulorumen , 

apparent digestibility of the food s in the reticulorumen, and retention 

time of food residue s.  Measurements were also made of the feeding 

behaviour of the sheep and their re spiration rate s ,  before and after 

shearing, and the re sponse in terms of a change in voluntary intake to 

the intraruminal addition of diets . 

3 . 2  MATERIAlS AND METHODS 

3 . 2 . 1  Plan of experiment 

Eighteen, 1 8-month old Romney wethers were held in crate s in 
controlled temperature rooms at an ambient temperature of 1 3° � 1 °C .  

Six of the sheep were fitted with rumen cannulae ( internal diameter 5 

cm) and the remainder of the sheep were left intact. Each of the above 

categorie s of sheep were divided at random into two groups and were fed 

either a pelleted concentrate-oat husk mixture or chopped pasture hay. 

A training period of one month for the intact sheep ,  and two months for 

the fistulated sheep, in the crate s ,  was followed by two weeks ad libitum 

feeding ( Period 1 ) ,  when the voluntary intakes of all sheep were 

recorded. The apparent digestibility of the foods,  retention times of 

food residue s ,  the amount of d igesta in the reticulorumen, feeding 

behaviour and respiration rate s were determined with the fistulated 

sheep during this period.  All fistulated sheep were then shorn and 

continued receiving their diets ad libitum for a further four weeks 

( Period 2 ) . At the same time , six of the intact sheep were shorn and 

six were left unshorn as controls , and feeding continued as for the 

fistulated sheep . The detailed measurements made in Period 1 were 

repeated in the last two weeks of Peri od 2 ,  with the fistulated sheep . 



At the completion of the shearing experiment , the effects of intra­

ruminal feeding of 1 80 g dry matter (DM )  of either the concentrate-oat 

husk milture  or chopped hay on the voluntary intake of the fistulated 

sheep were studied. ·  Intraruminal feeding was carried out over six 

consecutive days • 

.3 . 2 .2 Diets and management 

The composition of the pelleted concentrate-oat husk mixture was 

( in parts ) ,  ground barley 60, linseed meal 1 5  and oat husks 25.  The hay 

was coarsely chopped through a hammer mill with a 5 cm screen.  

All sheep received 5 g of a vitamin and mineral mixture ( see Section 

2 . 2 . 2  for details )  once daily, and were treated with anthelmintics at 

regular intervals. Water was freely available • 

.3 . 2 • .3 Voluntary intake 

The sheep were fed twice daily; approximately 60% of the day ' s  food 

at 0900 h. and 40% at 1 600 h. Sample s of the food and food refusals 

were taken daily and were dried at 9 0°C for 24 h. The amount of food 

offered was adjusted so that the refused portion was about 1 5% of the 

amount offered. The digestible energy (DE )  intakes of all sheep were 

calculated using the digestibility data determined directly for the 

fistulated sheep • 

.3 . 2 .4  Live weight and fleece length after shearing 

The sheep were weighed before feeding in the morning ; at the 

beginning of the experiment, on the day they were shorn, and at the end 

of the experiment. Liveweights included the weight of the fleece , as 

the control sheep were not available for shearing at the end of the 

experiment.  The length of the wool remaining after shearing was measured 

on each sheep at nine points , three on the dorsal mid-line and three on 

each side . 

Apparent· digestibility, chemical methods and density of the foods 

The apparent digestibilities of the foods were determined by 

collection of faeces over 1 0  days from the fistulated sheep. Fae ces 

were dried at 90°C for 48 h.  Digestion in the rumen was estimated by 

the lignin-ratio technique ( Balch , 1957 ) .  Sample s of digesta for lignin 
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d etermina tion were taken from the rumen thre e t imes daily ove r  five 
days and were bulked , dried at 90°C for 24 h. and sampled for analysi s .  
The tips o f  sponge forceps were modified to form two opposing spoons 
and were used to take samples of digesta from a point close to the 
ret iculo-omasal o rific e .  The foo d ,  faec es . and rumen digesta were 
analysed for lignin by the method of Van Soest ( 1 963 ) .  Diges tibi lity 
coeffi cients in the rumen were calcu lated as follows : 

Recoveries o f  lignin in the faece s  with the concentrate-oat husk 
mixture were low, and the possibility that the me thod of drying sampl es 
may have been responsible , was examined in a later experiment as fol lows : 
Two sheep were fed the concentrate-oat husk mixture and the food, faeces 
and rumen digesta were dried in an oven at 90°C , o r  were freeze-drie d  
p ri o r  to the det e rmination of ligni n .  

The foods were analysed f o r  e ther extrac t ,  crude protein and ash 
( AOAC ,  1 965 ) , and acid detergent fibre , ( Van Soest , 1 963 ) .  The gross 
energy of the foods and faece s  were de termined wi th an adiabatic bomb 
calorime ter. The density of samples of the food were determined by the 
method of Montgomery & Baumgardt ( 1 96 5b ) . 

3 . 2 . 6  Mean retent i on time of food re sidues in the alimentary tra c t  

Approximately 40 g o f  the chopped hay o r  concentrate-oat husk 
mixture t reated wi th 1 44c e ,  and 40 g stained w i th safranine ( see 
Sec t ion 2 . 1 . 3 )  were thoroughly mixed with the rumen cont ents through 
the fistulae . 

Sample s of faec e s  were dried and counted wi th a Philips gamma ray 
c ounte r  for 1 44 ce ( see Section 2 . 1 . 3 ) ,  and we t faeces were used t o  count 
coloured particles using the me thod of Balch ( 1 95 0 ) . Mean retention 
times of food residues were calculated using the me thod of Castle ( 1 956) 
( see S ec ti on 2 . 1 . 3 ) . 

3 . 2 . 7  Amount of digesta in the reticulorumen 

The total weight of dige sta DM in the reticulorumen was d etermined 
by emptying the ret iculorumen of the fistulated sheep on two consecut ive 
days at the end of Periods 1 and 2 .  Emptying began at 1 300 h. each day. 
The animals were strapped to a hinged table top which was raised to 
fac ilitate removal of the contents . Food was available from 0900 h. 
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until emptying . 

3 .2 .8 Feeding behaviour 

The tL�e s spent eating and rumi�ating were measured by recording 

pre ssure c hanges from balloons fit ted to the 10\-Ter j a1-1s of the sheep. 

RecordL� s  were made over 48 h. at the end of Period s  1 and 2. 

3 . 2 . 9  Respirati on rate 

Re spiration rat e s  were measured by observing flank movements on 6 

consecutive days at t he end of Ie riod 1 ,  and the beginning of Period 2 

with the fi stulated sheep. The measurements were made at 1 400 h. each 

day .  

3 . 2 . 1 0 S tat ist ical a�alysi s  

Because of the large difference in mean voluntary intake between 

treatment s in Period 1 ,  the change in voluntary intake ( y - x) between 

the mean inta.l{e for Pe riod 1 ( x) and for separate weeks or the mean of 

the four weeks in Period 2 ( y )  were analy sed by analysis of variance ,  

rather than the ru1alysis of c ovariance technique ( Snedecor & Cochran, 

1 967 ) .  Because of the l imited number of fistulated sheep available , 

all were shorn , leaving no unshorn fi stulated sheep as controls . The 

unshorn intact sheep ,  data from whic h were obta:ined at t he same t ime 

under identical condition s ,  were therefore used as the control g roup for 

the f istulated sheep . 

In the intraruminal feeding experime nt ,  voluntary intake over the 

six days prior to treatment was used as the independent variable in 
analysis of c ovariance . Differences between periods for reticulorumen 

digestion, apparent dige stibility , and retention time of food res idues 

were analysed by analyses of variance .  The DH i..� takes of the fistulated 

sheep over 9 days c overing the period of faecal collection, ru1d over 7 

days prior to emptying the reticulorllinens were analysed by analysis of 

variance for differenc e s  between sheep and period s .  

Live weight chru1ge s  o f  t he intact ru1d fistulated sheep were 

analysed togethe r ,  but separately for the two food s ,  by analysis of 

variance .  The main interest lay in comparisons between periods within 

sheep . 
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3 .3 . 1  

RESULTS 

C hemical composition, den sity a�d apparent dige stibil ity 

of the foods 

The chemical co�posit ion , density and apparent dig e stibility of 

the energy of the foods are su�marised in Table 3 . 1 . Differences in 
chemical composition of the foods bet�een periods �ere small, except 

that the crude protein content of the chopped hay was higher in 

Period 2 than Period 1 .  The apparent dige stibil ity of the conc entrate­

oat husk mixture was similar for both Periods 1 and 2, but there was a 

considerable depre s sion in the appaTent dig e st ibility of the chopped 

hay in Period 2 .  The metabolizable energy (ME)  content of the rations 

was e stimated from DE x 0 .82 ( Blaxter, Clapperton & Martin , 1 966 ) .  

The weight per unit volwne of the concentrate-oat husk mixture was 

three time s that of the chopped hay. 

TABIE 3 . 1  Chemical composition (g/1 00 g Dt1) , apparent d ige stibility 

of the energy , and density of a concentrate-oat husk 

mixture and chopped hay , fed to sheep , before and after 

shearing 

Concentrate-oat husk mixture Chopped hay 
Measurements Period 1 Period 2 Period 1 Period 2 

Unshorn Shorn Unshorn Shorn 

C rude protein 1 3 .7 1 4.3  7 .6  8 . 1  

Ether extract 2.9 . 3. 0 3 . 6  3 . 3  

Acid detergent fibre 1 8 . 2 1 8 . 7  33 . 6 33 .6 

Lignin 4. 0 4.6 6 . 2  6 .3 

Ash 3 . 7  4. 6 6 .1 6 . 2  

Gross energy 4.43 
( kca.l/g DM ) 

4.41 4-33 4.41 

Dige stible energy (% ) 69 . 0  68.4 .! 0.6 N S 52 .3 47 .1 .! 0.4�* 

Dige stible energy 3 . o6  3 . 02 2 . 26 2 . 08  
( kcal/g DM ) 

Estimated metabo-
l izable energy 2 . 51 
(kcal/ g Di'i ) 

2 . 48 1 .85 1 . 71 

Density 6 . 5 2 . 2  
(g  DM/m1 ) 

NS , non s ignificant 

_. ( P  ( 0. 01 ) 



3 . 3 . 2  Fleece weights and length of wool following shear� 

Mean air-dry fleece 1,1eights \Jere 3 . 1�1 and 4. 1 2  kg for the fistulated 

sheep receiving the concentrate-oat husk mixture and chopped hay respect­

ively. Corre spondi ng fleece weights for the intact sheep were 5 . 68 and 

5 . 51 kg . The length of wool remaining immediately following shearing 

ranged from 1 . 5 to 2 . 0  mm. 

3 . 3 . 3 Voluntary intake and live weight change 

The changes in voluntary intake , expre s sed as th e highe st weekly 

me an intake for Period 2 minus the mean intake for Period 1 ,  for both 

DM and DE , are summarised in Table 3 . 2 . 

TABLE 3 . 2  Change i n  voluntary intake ( highe st weekly mean intake 

for Period 2 minus mean for Period 1 ) by sheep receiving 

a concentrate-oat husk mixture or chopped hay 

Voluntary Treat- Concentrate-oat husk mixture Chopped hay 

intake ment Intact Fistulated Intact Fistulo.ted 

Change in 
DM intake 
( g/24 h. ) 

Difference 

Change in 
DE intake 
( kcal/24 h.) 
Difference 

Differenc e 
in ME intake 
(kcaJ./24 h. ) 

Shorn 595 51 8 300 
+ 1 42+ + 1 59 NS + - -

Control 260 260 .32 

.3.35 258 276 

Shorn 1 748 1 5 00 499 
.:!: 4.32NS .:!: 444NS + 

Control 735 735 1 1 1 

1 01 3  765 388 

8.31 627 31 8 

S .E . = Standard error of treatment means 

NS Non significant 

+ ' p < 0. 1 0  

P < o. o5 
it:ie: p < o. 01 

222 
2�� + 26lt* -

.32 

1 9 0  

31 5 
7rrt .:!: 63+ 

1 1 1  

204 

1 67 
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The levels of significance refer to differences in the change in 

voluntary intake between shorn and unshorn sheep .  Mean daily voluntary 

intakes of DM and DE are also illustrated in Fig .J . 1 . The levels of 

significance in Fig .J . 1 refer to difference s  in the chane,e in voluntary 

intake between shorn and unshorn sheep. 

There was a significant increase in DM intake ( P< 0 . 1 0 )  in the 

second week of Period 2 for the intact sheep receiving the concentrate­

oat husk mixture, and in the fourth week ( P < 0 . 1  0 )  for the fistulated 

sheep. There were no significant increases in DE intake following 

shearing by both the intact and fistulated sheep receiving the concen­

trate-oat husk mixture . The considerable between animal and between 

weeks variability in the intake of this food , together with the 

increased intake of the control animals as the experiment progre ssed , 

and the small number of animals used,  meant th�t any increase in intake 

following shearing needed to be large to reach significance . Coeffi­

c ients of variation for voluntary food intake were derived from daily 

and mean weekly intake s for the control animals over the four weeks of 

Period 2.  For the sheep receiving the concentrate-oat husk mixture,  

coefficients were 1 7% between days and 1 1 %  between mean weekly intakes .  

C orresponding values for the sheep rece iying hay were lm.,rer at 1 1 %  and 

5%. 

The mean increase in DM intake following shearing� over the whole 

of Period 2, was significant ( P < 0. 05 ) for both the intact and fistulated 

sheep receiving hay. The increase in DE intake was proportionately 

less  than the increase in DM intake following shearing , reflecting the 

depression in apparent digestibility of the hay in Period 2 . A depress­

ion in the DE intake of the sheep receiving the chopped hay was noted 

in the first week following shearing . 

Live weight changes of the sheep receiving both food s  are summarised 

in Table 3 . 3 .  F'rom the result s obtained when the reticulorumen of the 

fistulated sheep were emptied, and from slaughter data obtained in 

Chapter 4, where the ratio between the weight of the reticulorumen 

contents and whole contents of the alimentary tract was approximately 

1 to 1 . 5 ,  an e stimate was made of the increase in the contents of the 

tract with the increase in voluntary intake following shearing . These 

e stimates  were 1 . 2 kg for the shorn , and 0. 5 kg for the control group 

of sheep receiving the concentrate-oat husk mixture . With the sheep 

fed the chopped hay, the e stimates were 1 . 5 kg for the shorn group, with 

a negligible increase for the control group. Accordingly, the mean 
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FIGURE 3.1 Mean daily voluntary intake by sheep, before and after shearing: 

e concentrate-oat husk mixture, shorn; 

0 concentrate-oat husk mixture, unshorn; 

A chopped hay, shorn; b. chopped hay, unshorn. 
N.S. Non significant; t, P<0.10, •, P<0.05; •• P<0.01 .  
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TABLE 3 . 3  Live weight changes of sheep receiving a concentrate­
oat husk mixtur e , or chopped hay , before ( P1 ) and 

after ( P2 ) shearjng (S = Shorn , C = Unshorn ) 

Concentrate-oat husk Chopped hay 
mixture 

Live weight Intact F'istulated Intact t'istulated 

P1 P2 P1 P2 P1 P2 P1 P2 

45 

Live weight s 1 1 5 1 21 50  1 1 8_:45 -85 -1 1 8  -79 -208,!20 
change 
( g/2L� h. ) c 1 33 205 -45 + 52 

Live weight s 1 1 5 77 50 74 -85 -1 74 -79 -264 
change 
adj usted for c 1 33 1 86 -45 + 52 
diffe rences 
in gut content s  
( g/24 h . ) 

live weight change s for the sheep were adj usted by the se e stimated changes 
in alimentary tract contents . Analysis of the unadj usted live weight 
chang e s  for the sheep receiving the chopped hay showed that the live 

weight lo ss was significantly greater ( P < 0. 01 ) for the fi stulated sheep 

in Period 2 ,  after they were shorn, compared with Period 1 . The corres­

ponding live weight loss for the shorn intact sheep receiving chopped 

hay was not significantly greater i.n Period 2 compared with Period 1 ,  

although there wa s a highly significant difference ( P  < 0. 01 ) iu live 
weight c hange between the unshorn and shorn sheep in Period 2. Adj ust­

ment of live \.!eight changes for differences in allmentary tract contents 

re sul ted in. substantial increase s in the live weight loss of both the 

intact and fistulated sheep receiving chopped hay, and which were sho:rn 

in Period 2. The unadj usted live weight gains for the sheep receiving 
the concentrate-oat husk mixture were too variable to show significant 
d ifferences .  Where live weight gains were adj usted for variations in 

alimentary tract contents ,  the difference s betwe en the shorn and unshorn 

sheep were gre ater,  although based on the standard error obtained with 
the unadj usted data , the difference s would still have not reached 

significance.  
Various relati onships between DE intake (Y ) and live weight (X ) 

were examined by regression analyses.  There were no signif1ca..'lt 
relationships between DE intake and live weight or the logarithms of 

the se variables with either the shorn or unshorn sheep ,  whether 



receiving chopped hay or the concentrate-oat husk mix ture . 

Parameters describing the relati onships between DE intake ( Y )  and 

live weight change (X ) are g iven in Table 3 $ 4.  Relati onships between 

DE intake and live weight change were not significant for the shorn 

sheep receiving chopped hay so that no comparison of intercepts of Y at 

X = 0 was pos sible , between the shorn and unshorn sheep . With the 

sheep rece iving the concentrate-oat husk mixture , the significa�t 

relationship between DE intake and live weight change for both the 

shorn and unshorn sheep enabled a c ompari son to be made of the inter­

cept s of Y at X =  0 ( Table 3 .4 ) .  The intercept was higher by 1 1 o6  kcal 

DE or 887 kcal estimated ME/24 h. for the shorn shee p ,  compared with 

the unshorn sheep .  

TABlE 3 .4 Regre s sion of DE intake (Y ,kcal/24 h. ) on live weight 

g ai n  (X , g/24 h. ) for sheep rec e iving a concentrate­

oat husk mixture or chopped hay 

Y at X=O 

Sig . of DE Live 
Diet Treat- df. b .  SE b .  sy .x regre ss - ( kcal Weight 

ment ion 

Concentrate- unshorn 1 0  6 . 74 1 . 82 1 35 �if. 
oat husk 
mixture shorn 4 · 7 . 56 2 . 23 1 93 •· 

Chopped hay unshorn 1 0  3 .45 0.97 59 ir il'  

shorn 4 1 . 52 1 .61 91 NS 

3 .3 �4 Dige stion and alimentary tract me asurements 

/24h. ) (kg ) 

2891 44.9 

3997 46 . 3 

2058 43 .9 

39 .3 

Measurements concerned with dige stion, obtained with t he six 

fi stulated sheep, are summarised in Table 3 . 5 .· With both foods, DM 

intakes were significantly higher ( P < 0. 01 ) in Period 2 when the sheep 

were shorn , compared with Period 1 ,  both during the period of faecal 

collecti on and also over the . 7 days prior to emptying of the reticula­

rumens .  The changes in apparent dige stibility in the ret iculorumen 

betwe en periods followed a similar pattern to those for total apparent 

d ig estibility , ie .  a depression in apparent dig e stibility with the 

chopped hay , but not with the concentrate-oat husk mixture . Most of the 

differenc e in total apparent dige stibility between the chopped hay and 

the c oncentrate-oat husk mixture oc curred in the reticulorumen. 
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TAB lE 3 . 5  Measurement s relating to the d igestion of a concentrate­

oat husk mixture or chopped hay by rumen fistulated 

sheep, before and after shearing 

Concentrate-oat 
husk mixture 

MeaslEements Period 1 Period 2 
unshorn shorn 

Dt1 intake during 
b alance ( g/24 h . ) 
DM dige stibility 
in rwnen (% ) 

Dl1 dige stibil ity 
in hind gut (% ) 

Dl1 digestibility 
in ru�en as % of 
total digestibility 

DH dige sted in 
reticulorumen 
( g/24 h. ) 

DM passing from 
reticulorumen 
( g/24 h. ) 

Wt of faecal DM 
voided ( g/ 24 h. ) 

DM intake , mean of 
7 days prior to 
emptying of reticule-
rumen ( g/24 h. ) 

Dl'1 intake day before 
emptying of reticQlo-
rumen ( g/24 h. ) 

DM content o.f 
dige sta ( % )  

Digesta in rumen( g )  

DM in the 
reticulorumen ( g ) 
DM in reticule-
rumen (g/kg LW)  

960 

49 . 2  

1 9 . 5  

70 

472 

488 

272 

1 1 87 

1 21 1  

21 .4  

4449 

1 042 

22 

1 561 .! 66 u 

50.5  .:!: 2 . 0  NS 

1 7. 0 .:!: 1 • .3 NS 

74 

788 .! 1 29 + 

77.3 

508 .:!: 55  iltit_ 

1 56.3 .!. 64 lU.• 

. .  

1 462 .!  1 44 NS 

22. 0 .:!: 0.6  NS 

5259 .!. 1 84 it 

1 1 72 .:!:  49 NS 

25 .:!: 1 . 0 NS 

Mean retention t ime s ( h. ) 
144ce 

Stained food 

Mean 

NS , 

+ 
* 

* *  

55.4 .31 .6 .:!: .3 . 0  � 
- '"f) .J 

non significant 

p <  0 . 1 0 

P < 0. 05 
p <  0 . 01 

Chopped hay 

Period 1 Period 2 
unshorn shorn 

8.38 1 040 .! 25 -!tit 

34 . 0  25 .8 .! 1 .6  • 

1 9 • .3 21 .8 .:!: 1 . 1  NS 

62 52 

285 268 .! 14 NS 

55.3 772 

.388 556 .:!: 74 *� 

7.31 1 01 3 .! 29 * *  

767 1 000 .:!: 39 � 

9 .9 1 1 .3 .:!: 0.4 + 

580.3 6898 .:!: 395 + 

608 792 .:!: 47 ll' 

1 4  21 + 1 • .3 � 
-

36 .9 31 . 7  

44. 5 .35.3 

40. 7  .3.3 • 5 .:!: 1 • .3 it>.t 



Mean recoverie s of lignin were 1 03% for the chopped ha� and 79% for 

the c oncentrate-oat husk mixture . In the experiment where freeze drying 

was compared with oven dry ing , in the preparati on of samples for lignin 

determination , the recovery of lignin was improved (95% ) ,  and rumen 

dige stibility was 4% higher than the dige stibil ity determined from 

oven-dried sample s. Using the apparent digestibility figure s derived 

from the freeze-dried faeces ,  changed the value s for the DM of the 

concentrate-oat husk mixture apparently dige sted in the reticulorumen 

from 472 g to 51 1 g in Period 1 ,  and from 788 g to 851 g in Period 2.  

C orre sponding change s for D M  passjng from the ret iculorumen were 48 8  g 

to 449 g in Peri od 1 , and 773 g to 71 0 g in Period 2 .  The se changes 

did not alter the interpretation placed on the results .  

Greater amounts o f  D H  were apparently dige sted in t he  reticulorumen 

of the sheep receiving the concentrate-oat husk mixture compared with 

those receiv ing chopped hay , but the amounts of DM passing from the 

reticulorumen and voided as faece s were similar , within periods , for 

the tw foods. 

There was more dige sta DM in the reticulorumen of the sheep 

receiving the conc entrate-oat husk mixture ( P < 0 . 01 )  than in t hose 

receiving chopped hay. There was a significant increase ( P < 0. 05 )  in 

the amount of DM in the reticulorumen of the sheep rece iving chopped 

hey" following shearing . Variati on in the amount of DH in the reticula­

rumen between sheep receiving the chopped hay was much le s s  in Period 2 
{SE of the mean .: 24 g DH ), compared with those fed the concentrate-oat 

husk mixture ( SE  of the mean .: 1 3 5  g DM ) .  There were no significant 

rlifference s between days in the amount of DM in the reticulorumen with 

either food . Value s for DM in the reticulorumen, as a proportion of 

body weight., showed a considerable increase ( P < 0 . 05 )  for the chopped 

hay in Peri od 2 ,  �ich was partly an e ffect of the decrease in live­

�ight of the se animals as the experiment pr ogressed. The lower DM 

:c-ontent of the digesta of the sheep receiving the chopped hay was 

refle cted in the greater amount of wet dige sta in the reticulorumen of 

these sheep, compared with those receiving the concentrate-oat husk 

m:i:xture . 

!he mean retention times of food residues in the alimentary tract 

of the sheep are given in Table 3 . 5 .  Retent ion times for the stained 

concentrate-oat husk mixture were not obtained in Period 1 because of 

sec ondary staining .A me an retention time of 88 .6h. was obtained at a 

1ater date with the same three sheep fed the concentrate-oat husk 
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mi�ture , at a similar level of intake. Whilst mean retention time s ,  
particularly for the concentrate-oat husk m�ture may not have been 
absolute , retention . times for both foods decreased substantially 
following shearing . 

Relationships between DM intake ( mean of three days prior to 
emptying , x) and DM and wet matter in the reticulorumen ( y )  were not 
significant for both the shorn and unshorn sheep receiving chopped 
hay. The relationships were not significant for the unshorn sheep 
receiving the concentrate-oat husk mi�ture , but were highly significant 
( P < 0. 01 ) for the shorn sheep. 

3 . 3 . 5  Feeding behaviour and respiration rates 

A summary of the time spent eating and ruminating is given in 
Table 3 . 6 .  The sheep receiving the chopped hay spent more time eating 
and rW11inating ( P <  0 . 01 ) than the sheep receiving the concentrate-oat 
husk mixture . Only time spent eating the chopped hay changed when 
the sheep were shorn. Respiration rates were higher for the sheep 
receiving the concentrate-oat husk mixture ( P< 0 .01 )  than those 
rece1v1ng chopped hay , before shearing . A considerable reduction in 
re spiration rate ( P <0 .01 ) occurred with both groups of sheep, 
following shearing . 

TABLE 3 . 6  Mean daily time spent eating and ruminating, and 
respiration rates with sheep fed a concentrate-oat 
husk mixture or chopped hay, before and after shearing 

Feeding behaviour 
and respiration 

rate 

Eating time 
( min./24 h. ) 
Eating ratio 
(min ./g DM intake ) 
Ruminating time 
( min. /24 h. ) 
Ruminating ratio 
( min./g DM intake ) 
Respiration rate 
( /min. ) 

C oncentrate-oat husk 
mixture 

Unshorn Shorn 

226 204 .:t 1 3 NS 

0. 1 9  0 .  22 .!. 0 .  01 NS 

337 382 .!. 28 NS 

0.28 0 .35 .!. 0 .69 NS 

1 00 

NS , non significant 
** • P< 0 .01 

Chopped hay 

Unshorn Shorn 

261 336 .!. 1 1  it.it 

0 .31 0.32 .!. 0. 02 NS 

585 61 4 .!.  68 NS 

0 .69 0. 59 .!. 0 . 00  NS 

58 20 .!. 7 •• 
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A proportion of the animals shivered during the first week follow­

ing shear ing . This was observed with all sheep receiving the chopped 

hay, and with one sheep receiv inB the concentrate-oat husk mixture . 

3 . 3 .6 Intraruminal feeding 

The mean daily DM intake over the six days prior to the intra­

ruminal fe edi.>'lg of 1 80 g DM per day, for the sheep receiving the 

c oncentrate-oat husk mixture , was 1 440 g, with a mean m1 intake of 

1 300 g .!  39 ( P < o. 1 0 ) over the six days of intraruminal fe eding. 

C orre spond ing figures for the sheep fed the chopped hay were 971 g and 

750 g .! 2$ g ( P < 0 .  01 ) • Thus DH in takes were reduced significantly by 

140 g for t he s heep receiving the concentrate-oat husk mixture, and by 

220 g for those fed the chopped hay .  

D ISCUSS ION 

The first hypothesis te sted in this expe riment was that an increase 

in energy expenditur e , induced by shear ing , would result in a minimal 

increase in the voluntary intake of sheep receiving chopped hay , where 

physical factors controlling food intake would be predominant. With 

sheep receiving a c oncentrate-oat husk mixture , where physical factors 

were of le sser importance, voluntary intake would increase to mee t  the 

increase in e nergy expenditure , when sheep were shorn. The re sults 

obtained did not support this hypothe sis in that an appreciable increase 

occurred in the DM intake of sheep receiving the chopped hay following 

shearing , while the results were inconclusive with the concentrate-oat 

husk mixture . At the time of maximum response , the net increase in the 

intake of chopped hay (% increase in intake of shorn sheep - % increase 

in intake of c ontrol sheep ) was 32 and 23% for the intact and fistulated 

sheep re spe ctively. The c orre sponding net increases in DE were 24 and 
1 3% for the two groups of shee p .  Results obtained with the sheep 

receiving the c oncentrate-oat husk mixture were unsatis factory be cause 

of the l arg e variation L� respons e between sheep ,  and within sheep 

between wee k s ,  and because there was an increase in intake of the 

unshorn c ontrol sheep as the experiment progressed . This l atter effect 

was thought to have occurred because the food intake s of the sheep had 

not stabilised prior to shearing . 

Judging from the results of Wodzicka-Tomaszewska ( 1 963 and 1 964) , 
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increases in food intake of the order of 30 to 40% were expected with 

sheep receiving the concentrate-oat husk mixture , and with an expected 

c oefficient of variation in food intake per animal of 1 0 to 1 5% 

(Heaney, Pritchard and Pigden, 1 968 ) ,  six sheep in the shorn group,  and 

three controls were expected to have provided sufficient numbers of 

animal s for significance (Cochran & Cox ,  1 95 0 ) .  To examine the possi­

bility that the training period for the a·ni:nals w-as too short, a 

further experiment was begun with eight sheep receiving the concentrate­

oat husk mixture , and to study the effects of changes in ambient 

temperature ,  and of shearing on voluntary food intake. Even after a 

period of six weeks feeding of the concentrate-oat husk mixture , und er 

controlled conditions ,  the coefficient of variation per day was 33% and 

for mean weekly intake s it was 1 7% .  It appeared that a high coefficient 

of variation for voluntary intake was a characteristic of this diet and 

as there seemed to be no indication that the variation could be reduced 

any further ,  the experiment was abandoned , as resources  did not allow 

for the use of more than four sheep per treatment. 

The mean increase in voluntary intake of the sheep receiving 

chopped hay, following shearing , was similar in extent to that observed 

by We ston ( 1 970) with sheep receiving wheaten hay, and by Minson & 
Ternouth ( 1 971 ) with ha�r3 , although the latter workers observed that 

the increase in food int��e of sheep,  follovlne shearing and receiving 

a high quality lucerne hay with an apparent digestibility of over 70% , 

was almost negligible . Whilst increases in intake followine shearing 

were similar to those obtained by � ston ( 1 970) and Minson & Ternouth 

( 1 971 ) ,  they were considerably le ss than the 30 to 50% increase in the 

intake of sheep receiving a mixed hay . and pelleted food following 

shearing , obtained by Wodzicka-Tomaszewska ( 1 964 ) ,  or the 40 to 60% 

increase noted by Wheeler, Reardon & L�nbourne ( 196 3) when sheep 

grazing pasture were shorn. The foods used by these workers were of a 

higher digestibility than the chopped hay used in the present experiment , 

and the responses obtained were of the order that had been expected for 

the concentrate-oat husk mixture . 

A decreased DE intake of the chopped hay, but not the concentrate­

oat husk mixture was noted in the first we ek following shearing . Delays 

or depressions in intake in response to cold exposure in the first week 

following shearing have been noted by Wheeler, Reardon & Lambourne ( 1963 ) , 

Wodzicka-Tomaszewska ( 1 963 & 1 964 ) ,  Minson & Ternouth ( 1 971 ) , and 
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Weston ( 1 970 ) .  These depressions o r  delays in intake occurred , irres­

pective of the digestibility of the foods ,  whereas in the present 

experiment only the int��e of the chopped hay was depressed . It has 

been suggested , (Wodzicka-Tomaszewska, 1 963 & 1 964) that cold stress 

may have been responsible for this delayed increase in intake . This 

is consistent with o�servations made in the present experiment , in that 

shivering was more frequent and pronounced with the sheep receiving the 

chopped hay. It is also pos sible that time is needed for the digestive 

tract to acco�odate extra food such as chopped hay, where bulk is 

important , although this would not account for a depression in intake . 

In contrast, Minson & Ternouth ( 1 971 ) o�served that the depre ssion in 

intake follo�ing shearing was greatest with the food of highest apparent 

digestibility, and Sykes & Slee ( 1 969 ) noted that depre ssions in food 

intake when sheep were cold exposed occurred with the animals on a 

high plane of nutrition , rather th�� those on a low pl��e . The bases 

of these early responses to cold exposure require clarification. 

The DE inta�es of the sheep receiving the concentrate-oat husk 

mixture ��re more than double those of the sheep receiving the chopped 

hay, which is in agreement with the general positive relationship between 

voluntarf intake a�d apparent dige stibility, noted by many workers 

(Blaxter, Wainma..'l & Wilson , 1 961 ; Hinson, Harris,  Raymond & Milford, 

1 964 ) .  The level of DE intake of the sheep receiving the concentrate­

oat husk mixture was similar to DE intakes observed with sheep receiving 

foods of a similar DE conc entration , in a nQ�ber of experiments c ited by 

Baumgardt ( 1970) .  However DE intakes of the sheep receiving the chopped 

hay, in the present e:xperirr,ents,  were consistently below the DE intakes 

cited by Bal.lingardt for foods of comparable DE c oncentrati on .  Evidence 

gained by Blaxter & \oJilson ( 1 963 ) suggested that a minimu;:l of 8 . 5% 

crude protein was needed to ensure ma.ximum voluntary intake of sheep 

receiving hay. Elliott & Topps ( 1 963 ) aJ.so suggested that a similar 

level of Cl"'l:de protein was req,uired for maximum voluntary intake . 

Increased voluntary food intake re stlitcd when casein was included in the 

diet of sheep , or was ad�ini stered via the duodenum by Egan ( 1 970 ) ,  with 

sheep receiving a hay with a crude protein content of 5 .6% . It is 

therefore possible that the inta�e of the chopped hay used in the present 

ex.r.--eriment (mean crude protein content 7.8% ) may have been limited by 

the amount of protein available to the sheep. With rats fed low protein 
diets, deficient in some arxlno-acids , cold exposure increased total food 
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intake and thus increased the nitrogen status of the rats to such an 

extent that they increased their liv e  weight gain in the cold ( Meyer 

& Hareus , 1 959 ; Kltin, Vaughan & Vaughan, 1 962 ) .  This phenomenon did 

not appear to occur with tbe sheep in the pre sent expe riment. The 

rat diets were finely ground and were hardly comparable to the chopped 

hay use d ,  as the rate at which food pr�ticle � were broken d own may have 

been the dominant factor l imiting food intake . 

The shee p receiving chopped hay lost weight at a greater rate 

follo,-ring shearing . Thi s  is an ind ication that the inc rease in DE 

intake follo\.Jing shearing was insufficient to compensate for the 

increased energy expenditure . 

The regre ssion relationships ,  sumrr�arised in Table 3 . 4, enable 

comment to be made on differenc e s  in energy expenditure between the 

shorn and m1shorn sheep r eceiving the concentrate-oat husk mix ture . 

The difference in the intercept of Y (DE intake , kcal/24 h. ) at 

X = 0 of 1 1  o6 kcal ( 887 kcal ME) , in favour of the shorn sheep ,  is an 

indication of the increase in enereY expenditure following shearing . 

No reliance can be pl aced on the absolute value of the difference 

bet'tieen the intercept s ,  because of the errors involved ( Table 3 .4 ) , 

and the degree of extrapolati on needed in derivir� the value . The 

d ifference could be as low as 270 kcal DE/24 h. if the lower confidence 

level of the shorn sheep was compared with the upper confidence limit 

of the unshorn sheep . There was no significant relationship bet't1een 
' 

DE intake and live weight loss for the shorn sheep receiving chopped 

hay so that a similar conparison to that made for the c oncentrate-oat 

husk mixture was not poss i ble . The considerable decrease in the 

apparent digestibility of the chopped hay following shearing , but not 

of the concentrate-oat husk rniY.ture , is consi stent with the statement 

of the Agricultural Re search C ouncil ( 1 965 ) that the effect of level 

of feeding in depre ssing apparent digestibility is greater for foods 

of low digestibility than those of hieh dig e stibility. Blaxter ( 1 961 ) 

c alculated that increasine the intake of a rougha€e in the long form 

similar to the chopped hay used in the pre sent experiment , from main­

tenance to twice mru.ntenance , would re sult in a depression of apparent 

dige stibility of appro::x ir'uately 5 percentage units . \.Jhat is surprising 

is that a similar depre ssion in apparent digestibility was obtained 

with the chopped hay for a moderate increase in intake , in the present 

experiment .  A small decrease in the apparent dige stibility of a mixed 
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hay and pelleted diet from 62 . 5  to 59 . 2% was noted by Wodz icka­

Tomaszewska ( 1 964 ) when sheep were shorn, and Minson & Ternouth ( 1 971 ) 

obtained a significant fall in the apparent dige stibility of one of 

their poorer hays from 54.8  to 51 .9% following shearing , although no 

increase in intake occurred with this food . A small depre ssi on in 
apparent dig e stibility of the concentrate-oat husk mixture occurred 

in the present experJment following shearing , but the change was not 

significant. The fall in the apparent digestibil ity of the chopped 

hay follo'.ling shearing lowered it s ability to meet the increased 

energy demand of the sheep . 

The second hypothe sis tested in the pre sent experiment was that a 
change in the phys iological state of sheep, induced by shearing , would 

affect measurements c oncerned with the physical regulation of voluntary 

food intake . The restlits obtained supported this hypothesis , in that 

there were greater amount s of dige sta DM in the reticulorumen of the 

sheep receiving chopped hay , after they were shorn, and retention time s 

of food residue s were lm�er foll owing she aring with both food s .  The 

amounts of DH pass ing from the reticulorumen and voided as faec e s  over 

a 24 h. period increased with both food s after the sheep were shorn . 

A problem in the interpretation of the data relating to dige stion , 

particul arly vFith r e spec t  to that for the amount of DH in the reticule­

rumen ,  was the lack of unsborn control animals so that comparisons 

between unshorn and shorn animals were separated in time . However 

measurements of DM in the reticulorumen were carried out over two days , 

both before and after shearing , and the lack of significant differenc e s  

between days allows some confidence t o  b e  placed in the results. Subse­

quent re sults from slat�hter work supported the evidence that an increase 

occurs in the amount of D�1 in the reticulorumen following shearing . 

Inve stigation of the relationships be tween voluntary intake and 

the amount of wet matter or Dtvf in the reticulorumen contributed little 

towards interpretation of the result s .  The significant relationships 

obtained with the s he ep rece iving the concentrate-oat husk mixture may 

have indicated that the amount of wet matter or DM in the reticulorumen 

was unimportant in l imiting intake . With the she e p  receiving chopped 

hay the lack of a relationship probably arose more because of the 

narrow range in intakes of these she ep .  

I f  with chopped hay, reticulorumen capac ity limited food intake 

prior to shearing , then the indications are that a new threshold to 



reticulorumen capacity vas set in re sponse to an increased energy 

demand. However the amount of DH in the reticulorumen of the sheep 

receiving the chopped hay was considerably less than that observed 

55 

vith the sheep receiving the concentrate-oat husk mixture and thus 

observations of Blaxter,  Wainman & Wil s on ( 1 961 ) ;  Ulyatt , Blaxter & 
McDonald ( 1 967 ) that sheep eat to a constant distension of their 

alimentary tracts and in the case of the latter workers , the reticulo­

rurnen , does not apply in the present experiment , 'Where foods of 

different physical form and digestibility were used. Because steady 

state conditions vere not obtained, and because feeding occurred at 

irregular intervals ,  no valid measure of digestive tract fill , as 

determined by the method of Blaxter, Graham & Wainman ( 1 9 56 )  could be 

obtained. It is pos sible that fill in the whole tract may have been a 

more useful measure,  although there is evidence that there is  a close 

relationship between the amount of digesta in the retictliorumen and the 

amount in the rest of the tract ( M�ela,  1 9 56 ) .  

Montgomery & Baumgardt ( 1 965b )observed that the cru.culated fill of 

the d igestive tract was lo\Jer for diets of low apparent digestibility 

than for those of high digestibility , and Campling , Freer & Balch ( 1 961 ) 

and Egan ( 1 970) found 10\·Jer level s of DM in the reticulorumen of cows 

and sheep respectivelyj with foods of low apparent digestibility, 

compared with those of higher apparent digestibility . The lower amount 

of DM in the reticulorun1en of the sheep receiving the chopped hay there­

fore indicates that absolute reticulorumen fill may not be a controlling 

factor limiting food intake but, as suggested by Egan ( 1972 ) ,  a critical 

fill may be set at level s determined by other factors , such as the rate 

at which food particles are broken doYJn and removed from the reticula­

rumen. It may be of significance that the amounts of DM passing frorn 

the reticulorumen1 and the amounts of faeces voided were similar for 

both foods, indicating that the removal rate of D�1 might be one of the 

factors involved. The amount of wet dige sta in the reticulorQ�en vas 
higher for the chopped hay, and may also have contributed towards a 
filling factor which limited food intake . 

Eating and ruminating ti mes probably reflected the degree of commi-

. nution needed to reduc e the two foods to a given particle size, and the 

considerably longer time spent by the sheep chewing the hay compared with 

the concentrate-oat husk mixture is probably a reflection of their 

different physical forms.  Forage quality is al so a factor affecting 
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rumination time . Welch & Smith ( 1 969 ) obtained rumination ratios of 

0 .45 and 0.79 min . /g DH intake with high quality lucerne and oat straw 

respectively which are similar to those obtained in the present experi­

ment with both foods . Dry matter intakes were depressed during the 

recording s taken with the shorn sheep receiving the concentrate-oat 

husk mixture so the effects of shearing on their behaviour cannot be 

asse ssed . Despite an increase in voluntary intake , the time spent 

ruminating by the sheep receiving chopped hay did not increase following 

shearing . Gordon ( 1 96 5 )  has shown that rumination time increases with 

increasing hay intake at lower level s of intake , but that there is a 

levelling off at higher levels .  In discussing his results ,  he states 

that there is a point reached where limits to rumination are set by 

factors such as the time available to the animal for eating , or tiring 

of the animal. The length of time spent ruminating may have contributed , 

in part , to a limitation of the intake of the chopped hay in the present 

experiment . It is worth noting that the extra time spent ruminating 

the chopped hay, compared with the concentrate-oat husk mixture \-rould 

result in somewhat greater energy expenditure . From evidence gained in 

Chapter 6 this would amount to about 70 kcal/24 h.  The amount is small , 

but it is a further negative effect contributing to inability of the 

chopped hay to supply the animal ' s  needs . 

Palatability as a factor influencing food intake can probably be 

discounted, as the introduction of foods through the fistula was 

associated with a corresponding_ decrease in food intake by mouth, 

although Greenhalgh & Reid ( 1 971 ) point out the pos sibility that the 

process of introducing feed through the fistula may in itself depress  

oral intake by its effect in reducing digestion in the reticulorumen . 

CONCLUSION 

The increase in voluntary intake following shearing of sheep 

receiving chopped hay was probably a response to an increase in energy 

demand. It appeared that the sheep were able to accommodate the 

increase in intake partly through an increase L• the a�ount of DM held 

in the reticuloru�en , and partly through a decrease L� the retention 

time of food residues  in the alimentary tract. It is obvious that 

strong factors limited the intake of the unshorn sheep , to the extent 
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that they lost weight , but that these factors were overidden by the 

change in energy demand , so that intake increased . Thus even with a 
food of low DE concentrati on, intake c annot be regarded as a constant 
attribute of the diet. 

The re sults obtained on the changes in the intake of sheep 

rece iving the concentrate-oat husk mixture were inconclusive .  The high 

within and between sheep variability in the volunta� intake of this 

food would nece ssitate the use of a greater nun1ber of animal s than it 

was po ssible to use in the present experiment1 and comparisons would 

probably be best made between foods of s imilar characteristics ( e . g .  

physical form and density � but differing widely in apparent digest­

ibility. For this reason c omparisons in subsequent experiments have 

been made between chopped dried grass and hay. 

There were a nun1ber of reasons why the she ep were held at an 

a�bient temperature of 1 3°C throughout the present experiment . It 
meant that one of the variable s kno•m to affect food intake was held 

c onstant . The level was also chosen to be sufficiently below the 

critical temperature of shorn sheep , as determined by Armstrong , 

Blaxter , Graham & Wainman ( 1 959 ) so that a definite re sponse to 

shearing could be expected. The environmental temperature was also 

chosen with the thought that too great a heat load would not be 

imposed on the unshorn sheep,  resulting in an inhibition of food 

intake . A definite re sponse was obtained with the sheep receiving 

c hopped hay ,  and it was decided that the sheep would be kept at an 

ambient temperature of 1 3°C in future experiment s .  



9HAPTER 4 

THE EYFECT OF SHEARING ON THE VOLUNTARY FOOD 

INTAKE OF SHEEP RECEIVING DRIED GRASS, C HOPPF..D 

HAY OR GROUND HAY 

S U M M A R Y  

1 . Romney wethers were used in four experiments to determine 

the effects of shearing in c hanging the voluntary intake of 

sheep receiving dried grass , chopped hay or ground hay. 

Romney ewes as well as wethers were used in a fifth experiment, 

designed specifically to study the effects of shearing on the 

alimentary tract and its content s ,  determined at slaughter. 

2. In Expt 1 ( a ) , eight sheep , four on each food , were fed 

dried grass or chopped hay. The voluntary inta�e s of sheep 

receiving both fo ods increased following shearing , although 

the results were affected by an attempt to empty the reticulor­

rumen of the sheep. 

In Expt 1 ( b ) , with four sheep receiving the same foods as 

in Expt 1 (a ) , the voluntary intake of dried grass declined , 

whilst that for chopped hay increased follO\oTing shearing . 

3 . In Expt 2 ,  1 8  Romney wethers , six on each food , were fed 

dried grass , chopped hay or ground hay . There was no signifi­

cant increase in the voluntary intake of dried grass following 

shearing, and a progre ssive decline in the voluntary intakes of · 

the unshorn sheep receiving dried grass was observed. The 

voluntary intakes  of sheep receiving chopped hay increased 

following shearing ( P < 0 . 1  0 ), but a greater increase occurred 

in the intake of ground hay ( P < 0. 05 ) .  

4 .  In Expt 3 ,  eight Romney wethers ·Here fed ground hay . An · 
increase in voluntary L�take oc curred following shearing to 

about the s��e extent as that noted with the ground hay in Expt 

2 .  The sheep in this experiment were slaughte red to provide 

data on al imentary tract fill . 

5 .  In Expt 4 ,  four Rornney wethers and four e"lrms  were fed chopped 

hay . There was no significant increase in DH b.take following 

shearing ,  probably because the preliminary period was too short. 



The main interest in this experiment was with the d ata obtained 

at slaughter. 
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6 .  The rate of breakdown of cotton thread s , determined in Expt 

1 (a ) only , \-Tas faster with t he dried grass than the chopped hay. 

There was no apparent effe ct of shearing on the rate of breakdown . 

7. With the ground hay and chopped hay (Expt 3 and 4 re spective­

ly ) ,  both the wet and dry contents of the al imentary organs were 

greater in the shorn than the unshorn sheep . Evidence was also 

obtained , particularly with the sheep fed ground hay , of a 

considerable increase in the weights of the empty alimentary 

organs follO\dng shearing . 

8 .  The experiment s  sho\Jed that the respons e  to shearing , in 

terms of a change in voluntary intake , varied wit h the type of 

food , and with hay , its physical form. With the ground hay , 

but not the chopped hay , the increased intake fol lo\dng shearing 

probably met mos t  of the increase in e nergy expenditure as 

ind icated by c hanges in live weight gains . The r e sult s  indicated 

that mechanisms controlling the voluntary intake of sheep 

rec e iving dried gras s were d ifferent from those controlling the 

inta�e of she ep receiving chopped hay or ground hay. 

INTRODTn TI ON 

In an earl ier experiment (C hapter 3 ) ,  the effects of s he aring on the 

voluntary food intake of sheep receiving a pelleted conc entrate-oat 

husk mixture or chopped hay were studied. With the sheep receiving the 

chopped hay there was an apprec iable increase in DM intake following 
s hearing , although a del ay in the intake re sponse , and a depre ssion in 

apparent d igestibility following shearing, decreased the size of t he 

r e spon s e ,  in terms of DE intak e .  The increase i n  D E  intake following 

shearing was insufficient to meet the increase in energy expenditure 

when the sheep were shorn , be cause they lost weight at a greater rate 

t han be fore they were shorn .  I t  w�s sugge sted that one o f  the 

controlling factors governing the intake of the chopped hay may have 

been the rate at which it was able to be removed from t he reticula­

rumen. Thus the pos sibility that increases in voluntary intake of 

sheep receiving c hopped hay were limited by the rate at which food 

part icle s are broken down to a size small enough to pas s  from the 



reticulorumen was investigated in two "of the experilrents to be 

described, using ground hay as the diet.  
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Because it was considered possible that the hay used in C hapter 3 

did not supply sufficient protein for maximu� voluntary food intake of 

the sheep,  hays of a higher protein content were selected for use in 

the pre sent series of exper��ents. 

Re sults in terms of chance s  in the voluntary intake of the 

c oncentrate-oat husk mixture (C hapter 3 )  were unsatisfactory , mainly 

because of the large c oefficient of variation for intake , whic h appeared 

to be a characteristic of this food , and the small number s  of animals 

used. As part of the obj ective of the present study was to compare 

voluntary intake s of sheep receiving food differing widely in apparent 

digestibility , it was considered that this would be achieved by using 
hay and dried grass ,  thus avoiding the problems associated with the 

concentrate-oat husk mixtur e .  

I n  t he work reported i n  C hapter 3 it was observed that the 

voluntary intakes of the unshorn control sheep continued to increase 

as the experiment progres sed , which was noticeable particularly with 

the sheep receiving the concentrate-oat husk mixture .  It · was thought 

that this rnay have resulted from too short a preliminary period so 

that voluntary food intake may not have stabilized,  prior to the start 

of the eY.perimental period. To avoid this pos sibility, where pos s ible , 

longer preliminary periods were employed in the following experL�ent s .  

I n  the first experiment , (Expt 1 (a ) ) the rate of cellulose 

dige stion was measured and an e stimate made of DM in the reticulorumen 

using polyethylene glycol. The se measurement s were not carried out in 
the other experiment s as the work involved limited the replication 

possible . It was cons idered that more useful L�formation would be 

obtained by regarding voluntary intake as the maj or measurement in 
experiments designed to ex�aine the hypothe se s proposed in Section 1 . 5 .  

In two of the experiments,  data on the alimentary tract and alimentary 

tract fill were obtained at slaughter, and although this had the 

limitation that only single measurements were possible at the end of 

the experiments,  they had the advantage of being direct measurements, 

and would provide additional information on weights of organs and 

£ill in various parts of the tract. 
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MATERIALS AND METHODS 

Plan of experL�ents 

A total of 34 Romney wethers were used in four experiments) and in 
a further experiment , four Romney ewes and four wethers were used, 

specifically to obtain al i�entary tract measurements determined at 

slaughter. All sheep were held in crates in controlled temperature 

rooms at an ambient temperature of 1 3°G � 1 °G .  Feeding was ad libitum 

at all times ,  water was freely available , and the sheep were given 5 g 
of a vitamin and mineral mixture once daily ( see Section 2 . 2 .2 ) and 

received anthelmintics at regular intervals. Details of the various 

experLments are given in Table 4. 1  

T AB LE  4. 1  Plan of the experiments showing the number of  sheep 

in each experiment ,  their age and live weights at 

the beginning of the experiment s ,  and length of the 

experimental periods. 

I No. of Age of 

Expt No. Food sheep sheep 

1 ( a )  Dried grass 4 25 mo 

Chopped hay 4 

1 (b )  Dried grass 2 27 mo 

Chopped hay 2 

2 Dried grass 6 20 mo 

Chopped hay 6 

Ground hay 6 

3 Ground hay 4 20 mo 

4 

4 Chopped hay 4 38 mo 

4 

Weight length of 

(kg )  Period 1 

47 . 7  � 2 . 2  5 

49 .1 ..:!: 1 .8 

56 . 7  3 

43 . 2  

40.3 .:!: 1 .8 5 

36 . 1  ..:!: 1 · 4  

37 .6 � 1 . 8 

41 . 6 ,.:!: 3 . 5  4 

43 . 1  � 1 . 1 

51 . 7 ..:!:  2 . 5  

56 . 2  � 2 .6 2 

Period( wks ) 

Period 2 Remarks 

8 

3 

4 

4 

Jk 

C ontrol 
sheep 
from 
Expt 1 (a ) 

slaught-
ered 

slaught-
ered 

In Expt 1 (a ) ,  1 ( b )  and 2 ,  feeding took place twice daily at (])00 

and 1 600 h. and in Expt 3 and 4 ,  the sheep were fed once daily at 0900 

h. The sheep were weighed once weekly , before the morning feed. Each 
experiment was divided into a pre-shearing period ( Period 1 ), a.OO a 
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post-shearing peri od ( Period 2 ) . In all except Expt 1 (b ) ,  half the 

sheep on each feed were shorn and half were left unshorn as controls . 

The sheep were alloc ated at random to treatments .  The sheep in Expt 

1 ( a )  and 1 (b )  were fitted wit h rubber rumP.n cru1nulae ( internal diameter 

5 cm) .  An attempt was made to deterrni:1e reticulorurnen fill at the end 

of Peri od 1 in · Expt 1 (a ) by manually emptying the reticulorumens 

of four sheep, two on each feed. This resulted in a considerable 

depre ssion in food intake, which continued for over three weeks follm.r­

ing emptying . The procedure vras there fore abandoned and was replaced 

by an indirect method of esti mating reticulorumen fill,  using poly­

ethylene glycol ( PEG ) .  

In Expt 2 ,  of the six sheep receiving each feed , three were shorn 

and three were left unshorn at the end of Period 1 o  In Expt 3 there 

was one heavy animal { 51 . 2  kg ) in the shorn group, which was well above 

the live weights of the other sheep. Expt 4 was spe cifically set up 

to examine the effects of shearing on alimentary tract fill,  from 

feeding chopped hay. Ewe s were included because of the unavailabj�ity 

of wethers.  T�u wethers and two ewe s were shorn, ru1d two of each sex 

were left unshorn as controls. The periods in Expt 4 were restricted 

in length because of the limited supply of the chopped hay used in 
previous experiments. 

The hay was chopped through a hammer mill with a 5 cm screen and 

the ground hay was milled through the same machine , using a 2 . 5  mm 

screen. The chopped dried grass ,  consisting mainly of �egrass species , 

was supplied by the N . z . Grassmeal Ltd. , Tahuna. 

The physical nature of the foods was determined by methods devised 

by the American Soc iety of Agricultural Engineers ( 1 967 ) .  Sieves with 

apertures of 21 o;u 1 ooo;u and 2ooo;u were used to sieve the foods . 

The foods were then rated ac cording to a modulus of uniformity and 

finene ss .  In addition, the length of approximately 1 50 particles of 

each  of the foods retained on the coarsest sieves �as determined. The 

chemical composition of the foods were determined as described previous­

ly ( Section 3 . 1 . 5 ) .  The density of sample s of dried grass and hay were 

determined by the method described by Montgomery & Baumgardt ( 1 96 5b ) .  
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4. 2 . 3  Voluntary food intake . apparent digestibility, time of 

retent ion of food residue s  and nitrogen balance 

Sample s  of the food and food refusal s were taken daily and were 

dried at 90°C for 24 h. for the measurement of voluntary DM intake. 

The amount of food '1-Tas adj usted so that the refused portion was 

about 1 5% of the amount offered. 
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The apparent digestibilitie s of t he diets were determined by 

collection of faeces for 1 4  days.  The fae ces  were dried at 90°C for 

4f3 h. and the energy content determined using an adiabatic bomb 

cal ori�eter. The time of retention of the food residues was measured 

by using 1 44c e , with retention time s calculated by the method of 

Castle ( 1 956 ) , ( see Section 2. 1 .3 ) . 

Apparent digestibility and time of retention of food residue s 

were measured with all sheep in both periods in Expt 1 (a )  and 1 ( b )  

and on 1 2  sheep , t�� on each treatment, in Expt 2 . Apparent d igesti­

bilitie s were determined with all sheep in Expt 3 and with the wethers 

in Expt 4. In Expt 2 , nitrogen balance s  were determined in Period 2 

on 1 2  sheep , two in each treatment. The nitrogen contents were 

determined on fre sh faeces and acidified urine by the Kj eldahl method 

( AOAC , 1 965 ) .  

4. 2 . 4  Digestion of cellulose in the runen 

The cotton-thread technique described by Campling , Freer & Balch 

( 1 961 ) was used to obtain an index of the rate of digestion of 

c ellulose in the reticulorumen in Expt 1 (a )  and 1 ( b ) .  

Indirect estimate of the amount of DM in the reticulorumen 

In Expt 1 (a ) ,  the amount of DM in the reticu.lorurnen was determined 

using PEG . A dose of approximately 1 5  g of PEG ( Mol .wt . 4000 ) in 

250 ml of water, was administered via the rumen fistula, using a 50 ml 
syringe fuid directing the solution into various regions of the reticula­

rumen.  Liquor was taken from various parts of the reticulorumen using 

a syringe provided with a two-way valve , at 0, ( 1 1 30 h. ) 1 . 5 ,  3 ,  6 , 

1 2  and 24 h. after dosing with the marker. Determinations were made on 

three consecutive days at the end of Periods 1 and 2 .  The concentration 

of Pffi in rumen liquor was determined by using the method of H1yden 

( 1 9 56 ) ,  with modifications by Smith ( 1 959 )  and Ulyatt ( 1964 ) .  Samples 



of digesta were taken frcm various parts of the reticulorumen at the 

time of dosing ( 1 1 30 h. ) and \..rere dried in an oven at 9 0°C for 24 h.  

to  obta.i..n the DM content of the die,esta. Sampling of the contents of 

the reticulorumen \·Jas f,-:c i.litated by the large diameter of the cannulae .  

The natured loga.rithms o f  marker concentrati on were plotted against 

time , the line being extrapolated back to zero time by linear regress­

ion. This provided an e stimate of marker concentration at the time of 

dosing. Reticulorumen water volume ( V )  was calculated as follo\-TS : -

V = 
p 

where P is . the amount of marker adrainistered, and c1 and c
2 

are marker 

concentrations in the reticulorurnen before and after dosir,g .  The 

amount of digesta DM in the rumen at the time of dosing was then cal­

culated , using the data obtained on the DM content of the digesta. 

4. 2 . 6  Slaue,hter 

The sheep in Expt 3 aYld 4 Here slaughtered at the end of Period 2.  

All sheep rece ived food and water to within 2 h.  of slaughter ,  which 

took place from 1 3 00 h. on each of two days . L11Illediately after 

slaughter,  the alimentary tracts Here removed and the various organs 

were tied off . An estimate of the volume of the reticulorumen was 

obtained by water displacement and weights of the empty reticulorumen,  

omaswn , absomaswn,  inte stine s and weights of the omental , me senteric ,  

and kidney fat were obtained. The empty organs \..rere dried with a towel 

before vleighing . The wet contents of the organs were weighed and the 

dry weights of the contents of the reticulorumen and whole tract were 

deter:nined by drying sample s at 9 0°C for 4f3 h. 

4. 2 . 7  Feeding behaviour 

The time s spent eating and ruminating were measured by reco1�ing 

pre ssure changes  from balloons fitted to the lower j avrs of the sheep. 

Recordings were made over 72 h. at the end of Periods 1 and 2 with 

eight sheep , four on each food in Expt 1 ( a ) ; on the four sheep in 

Expt 1 ( b )  and on six sheep, three receiving chopped hay, and three 

ground hay in Expt 2. 

4 . 2 . 8  Statis tical analysis 

Expt 1 (a) : Because of the large difference s  in mean voluntary intake 
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between treatment groups in Period 1 ,  the change in voluntary intake 

(Y - X )  between the mean intake for Peri od 1 (X ) and the mean for 

Period 2 ( Y )  \.Jere analysed by analysis of variance rather than the 

analysis of covariance technique (Snedecor & C ochran , 1 967 ) .  

];xpt 2. 3 and /+ : The effect of shearing on voluntary food intake was 

ana1ysed by analysis  of covarianc e using the data obtai ned in Period 1 

as independant variabJes .  The data for each diet �,.:ere analysed 

separately for separate weeks or comb.i.nations of \.reeks foll owing 

shearing . There were insuffic ient data to test for differences in 

feedine behaviour between shorn and U!'lshorn animal s m Expt 2 .  One of 

the control animal s receiving dried grass in Expt 2 refus ed food , lost 

weie,ht and was removed from the experi ment. A missing plot was used 

in the analysis of the se results. 

TABLE 4 .2 Chemical composition and phys1cal characteristics 

of dried gras s ,  chopped hay and ground hay 

Experiment C rude Ether Acid Ash Gross Digest-

Diet 
Protein Extract deter- Energy ible 

gent (kceJ/ energy 
fibre g DM) (kcal/ 

( % of DM ) g DM) 

ppt 1 
Dried grass p

1 
1 6 . 5  5 . 0  20.8 9 .9 4 . 37 3 .2Lr 

p
2 1 6 .8 5 . 8  20 . 6  9 . 3 4- 35 3 . 1 8 

Chopped hay P
1 

1 0 . 0  3 . 3  31 . 6  7.4 4. 33 2 .60 
p
2 

1 0.8  3 .6 31  . 1  7 .3  4 - 34 2.�9 

Ex12t 2 
Dried grass p

1 
1 8 . 7  5 .4 22.6 9 .9 4.L;.1 3 . 22 

p
2 

1 9 . 2 5 . 1 22. 5 9 .4 4·L:lt 3 . 28 

Chopped hay p
1 

1 0 .6  3 .4 29 . 2  8 . 1  4 • .38 2 .45 
p
2 

1 0.4  3 .4  29 . 2 8 . 0  4 .31 2. 27 

Ground hay p
1 8 . 9  3 .8  30. 7  6 . 8  4 • .3 6  2 . 1 8 

p
2 9 .4 3 . 6  31 . 5  6 . 5  4.38 2 . 1 2  

J!Jq�t_l 
Ground hay p

1 
9 .8 3 . 1  3 1 .3  7. 0 4- 37 2 . 26 

p
2 

1 0 .2  3 . 2 31 .6  7. 5 4 • .34 2 . 26 

Expt 1.z 
Chopped hay 9 .9 3 .6 31 . 5  8 . 0  4 . 37 2 .4.0 

P1 = Period 1 P2 = Period 2 

ModuJus 
of 

fine- uni-
ne ss form-

ity 

4 . 5 6 : 3 : 1 

4.8  6 : .3 : 1 

2 . 6  0: 5 : 5  
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RESULTS 4. 3 

4 . 3 . 1  C hemical composition and phys ical c har ac ter i s t i c s  of the foods 

The chemical compos ition and physic al characteristics of the foods 

used in the various experiments are g iven in Table 4. 2 . The foods lr.lere 

similar between period s  for mo st constituents ,  although there were some 

differences in crude protein. The crude prote in of the ground hay lrJas 

le ss than that for tte chopped hay in Expt 2 ,  and the acid detergent 

fibre was slig htly higher . The se differences are difficult to explain, 

except through a variation in sampling . The density of the dried grass 

was 2 . 8  g/ml and for the hay it was 2 . 2  g/ml. 
The modulus of finene s s  expresses the finene s s  of grinding , with 

very finely ground material having a modulus of 1 . 0 .  The modulus of 

uniformity expre sses the proportion of coarse , medium and fine particles 

in 1 0 parts of the food and indicate s the uniformity of particle siz e 

distribution. Linear measurements made on sample s of the larger 

particle s were as follows : -

d ried grass on 66 . 6% of the sample 2 . 2  .:!: 1 . 1 cm 

c hopped hay on 60. 5% of the sample 2.8 .!. 1 .8 cm 

ground hay on 50 . 2% of the sample 0. 4 .:!: 0 . 1 cm . 

4 . 3 . 2  f-leece �eight s 

Mean fleece weight s  for the shorn sheep were 4 . 5  and 5 . 0  kg for the 

sheep fed hay and dried grass re spectively in Expt 1 ;  6 . 8 ,  5 .9 ,  and 

6 .4 kg for the sheep fed dried grass , chopped hay and ground hay in 

Expt 2 ,  and 4 . 0 kg for the sheep fed ground hay in Expt 3 .  In Expt 4 ,  

the mean fleece weight s o f  the ewes was 2 . 2  k g  and for the wethers it 

was 4.6 kg , the 10\.,rer fleece weights of the ewe s reflectjng the shorter 

time (6 mo ) since they were last shorn . 

4. 3 . 3  Voluntary food intake 

Expt 1 (a) and 1 (b) : Hean daily voluntary intakes of DE are shown in 

Fig .  4. 1 for both experiments . The change in DE intake between Periods 

1 and 2 in Expt 1 ( a )  are sU!lllilarized in Table 4 . 3, and mean daily DE 

intake s obtained in Expt 1 ( b ) are g iven in Table 4 . �  . • 

In Expt 1 ( a ) the intake s of the shorn sheep receivine dried grass 

showed a large increase which continue d  into the second 4 weeks of 

Period 2. With sheep rec eiving chopped hay the pattern was similar, 
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Shorn 
(a ) Expt Ha) 

2 3 4 

! 

5 6 7 8 
Weeks 

( b) Expt l(b) 

9 10  1 1  1 2  1 3  

F I G U R E  4.1 Experiment 1 (a )  and 1 (b ) .  Mean dai ly voluntary intake by sheep, 

before and after shearing: 

e dried grass, shorn; 0 dried grass, unshorn ; 
.& chopped hay, shorn; 6 chopped hay, unshorn. 



although the increase in intake was not as great as with the dried 

grass .  Intakes of the unshorn sheep rece iving both the dried grass 

and the chopped hay decreased jn Peri od 2 .  
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The voluntary intake s of a nwnbe r of sheep in thi s experiment fell 

for over three weeks , follo\..ring an attempt at emptying the reticulo­

r<�ens , and the results therefore need to be treated with caution . 

In Expt 1 ( b ) ,  the voluntary intakes of the sheep receiving dried 
grass decreased as the expe riment progressed , although the effect was 

not significant. Intakes of the sheep receiving the chopped hay shm..red 

a c onsid erable increase when the sheep were shorn . 

TAB IE 4. 3 

Period 

l st 4 weeks 

Period 2 

2nd 4 weeks 

Period 2 

Expt 1 (a ) .  Change in digestible energy intake 

(mean of P2 - mean of P1 ) of she ep receiving dried 

grass or chopped hay , before and after shearing 

Treat- Dried gras s ( kcal/24 h . ) Chopped hay( kcal/24. h. ) 
ment 

of shorn 1 038 31 9 ** 350 1 33 ·:Ht + + 
- -

unshorn -638 -438 

of shorn 1 3 08 + 1 77 ** 
976 + 1 71 *� 

- -

unshorn 41 1 -1 eR 

TABLE 4. 4 Expt 1 ( b ) .  Hean daily dige stible energy intake 

of sheep receiving dried grass or chopped hay 

before ( P1 ) and after shearing ( P2 ) 

Diet p1 
p
2 SE Sig . of 

unshorn shorn difference 

Dried grass 4708 4200 21 6 NS 
(kcal/24 h. ) 

Cho1212ed hay 2603 
(kcal/24 h. ) 

3491 67 ** 

Ex ot 2 :  Changes in mean daily vo luntary intake are shown in Fig .4. 2 ,  

and mean daily .vol��tarJ intakes for Period 1 ,  and mean intake s for the 

third and fourth weeks of Period 2 ,  adj usted by analyses of covariance , 

are given in Table 4. 5 .  The main points of note are the large increases 
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FIGURE 4.2 Experiment 2. Mean daily voluntary intake by sheep, before and 

after shearing: 

e dried grass, shorn; 

A chopped hay, shorn; 

• ground hay, shorn; 

0 dried grass. unshorn; 

6 chopped hay, unshorn; 

0 ground hay, unshorn. 
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T AB lE  4. 5 Expt 2 . Mean daily voluntary intake of sheep 
receiving dried gras s ,  chopped h� or ground 
hay before ( P1 ) and after ( P2 ) shearing 

Feed Treatment Period 1 Period 2 SE 

DH intake (g/24 h. ) 

Dried grass shorn 1 040 994 89 
unshorn 1 1 48 81 7 

Chopped hay shorn 81 5 1 1 1 7 70 
unshorn 858 9 00 

Ground hay shorn 1 01 0  1 337 72 
unshorn 9 07 9 76 

DE intake �cal/24 h .  ) 
Dried grass shorn 3377 321 2 239 

unshorn 3674 2789 

Chopped hay shorn 1 977 2494 1 82 
unshorn 21 1 1  2C63 

Ground hay shorn 21 61 2786 1 20 
unshorn 201 3  21 05 
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Significance 
of difference 

N . S .  

+ 

* 

N . S .  

+ 

it 

DE intake (kcal/kg 0 • 75;24 h . )  

Dried grass shorn 21 1 1 87 1 3 
unshorn 238 1 70 

Chopped hay shorn 1 38 1 71 1 0 
unshorn 1 3 5  1 38 

G round hay shorn 1 40 1 77 6 
unshorn 1 33 1 41 

Means for voluntary intake in Period 2 have been 
adj usted by analysis of covariance 

SE = Standard error of the di fference between 
adj usted means 
NS , Non s ignificant 
+ , P< 0. 1 0 
it , p <  0 . 05 

** , P <  0 . 01 

N .S .  

it 

�it: 
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in voluntary intake following shearing of the sheep rece iving gr01md 

hay , and the apparent lack of re sponse to shearing of the sheep 

rece iving dried gras s , alt hough Fig .  4. 2 sho-vJS that e. decline in 
inkke appeared to be arre sted follov1ing shearing . As shown in Fig . 

4 . 2 ,  the voluntary intake s  of the unshorn contro l she ep rece iving 

dried gras s declL�ed at a greater rate than the shorn sheep , although 

the e ffect \.Jas not significant . Dige stible energy intake increased by 

287 kcal/24 h. ( 235 kcal HE ) over the VJhole of Peri od ;� for the sheep 

receiving chopped hay , and by 481 kcal DE/24 h. ( 394 kcal ;vJE ) at the 

time of great e s t  re spon s e .  Corre sponding increases for the sheep 

receiving ground hay were /-;69 ( 385  kcal HE ) and 698 lccal DE/24 h. 

( 572 kcal /lE ) .  
Expt ] :  The voluntary intake s  of sheep receiving ground hay are 

s��marise d in Table 4.6  ��d are illustrated in Fig . 4. 3 .  The means 

for voluntary int�ke in Period 2 ,  given in Table 4 . 6 ,  have been 

adj usted by analys is of covariance and are the means for the whole of 

Period 2 .  The levels of signific anc e  refer to the d ifference s  beh1een 

the adj usted mean voluntary intakes of the shorn and unshorn sheep . 

TABlE 4.6  Expt 3 .  Mean daily voluntary intake o f  sheep 

receiving ground hay before ( P1 ) ��d after 

Vol1.mtary 
intaJce 

D:1 intake 
( g/24 h. ) 

DE i11take 
(kcal/24 h. ) 

DE intake 
( kcal/kg 
0 . 75/24 h. ) 

( P 2 ) shearing 

Tre at- Period 1 Period 2 SE Significance 
men t s  o f  differenc e s  

shorn 1 1 47 1 41 2  48 l< ll: 

unshorn 1 1 1 0  1 1 75 

shorn 2560  .31 51 1 46 * 

unshorn 2524 2672 

shorn 1 70 1 89 1 0  NS 
unshorn 1 56 1 70 

Means for vo luntary intake L11 Period 2 have been 

adj usted by analysis of covarianc e 

SE = Standard error of d i fferences bet\oieen 

adj us ted means 

NS , non significant 

* ' P <  0 . 05 

** , P< o . o1 
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A me cm. increase of 61 0 kcal DE/24. h. ( unadj usted mean for P 2 -
mean for P1 ) occurred with the shorn sheep over the four week period 
following shearing . The mean daily increase for the control sheep 
over the same period was 1 30 kcal/24 h. giving a net increase of 480 
kc al DE or 393 kcal ME/21+ h.  Corre spond ing .increases in DE intake for 

the fourth week of Period 2 ( i. e. time of maximum response ) ,  compared 
with the mean for Period 1 were 1 1 59 kcal for the shorn sheep and 346 
kcal/24 h. for the control sheep, giving a net increase of 81 3 kcal DE 
or 667 kcal ME/24 h. The sheep took approximately one week longer to 
reach peak intake s, compared with the sheep receiving ground hay in 
Expt 2. Difference s  in intake between the shorn and unshorn sheep 
decreased when intake was expres sed as a proporti on of metabolic size ,  
probably because of  the increased gut fill of  the shorn sheep. 

Expt 4 :  There were no significant differences in mean DM intake s in 
Period 2 between the shorn and unshorn sheep receiving chopped hay. 
Mean DE intake s were 1 22 kcaJ. DE/kg0• 75/24 h. and 1 64 kcal for the 
unshorn and shorn sheep respectively. Variability in intake between 
sheep was high , and control animals continued to increase thejr intake 
as the experiment progressed , probably because of the short preliminary 
period. The main obj ective of this experiment was to obtain data on 
the alimentary tract and its contents as a re sult of feeding chopped h�. 

4. 3 . 4  Apparent digestibil ity of energy and nitrogen bala.nce 

Expt 1 (a) and 1 (b) : The mean apparent digestibility of the energy of 
dried grass was 73 .2  � 2 . 3% and 58 . 5  � 0.9% for the chopped hay. Tne 
limited evidence available showed no change in apparent digestibility 
with either food following shearing , in both experiments .  

Exp� :  The apparent digestibility of the foods and the nitrogen 
retained by the sheep are swrrmarised in Table 4. 7.  The apparent digest­
ibility of the chopped hay was depre ssed follo'.ling shearing ( P <  0 . 05 ) .  
There was no significant relationship between the DM intake of the 
dried grass (g x )  and the apparent dige stibility of the ener&Y of the 
dried gras s ( %  y ) .  The corre sponding relationship for the chopped hay 
was significant ( P <  . 1 0 ,  r= 0 .67 ,  6 df , b= 0 . 01 .!. . 003 , sy.x 4.8% ) and 
was significant ( P < 0.05 ) for the ground h� ( r=  0.  76 , 6 df, b= . 01 .:!: 
. 002 , sy. x 1 . 5% ) .  The apparent digesti bility of the energy of the 
ground hay was less than that for the chopped � ( P< 0. 01 ) ,  but there 
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was no significant differences  behreen the two food s in t he apparent 

digestibility of  nitrogen. All sheep appeared to be in positive 

nitrogen balance ,  Hith nitrogen retained per day being less  ( P <  0 .  01 ) 

for sheep rece iving cho�ped hay and ground hay than those receiving 

dried gras s .  There \-Terc no significant d i fferences in nitrogen 

retained between t he sheep fed the chopped hay or ground hay, nor were 

there any significant d ifferenc e s  be h1e en shorn and unshorn sheep in 

the a�oQ�ts of nitrogen retained . 

TABLE 4 . 7  Expt 2 .  Apparent dig e s t ibility of ener&y and nitrogen, 

nitrogen re tained , ru1d mean retention time of food 

residue s obtained Hith sheep receiving dried grass ,  

chopped hay or ground hay, before and after shearing 

Diet Tr eat- Period 1 Period 2 SE Period 1 Period 2 
ment 

SE 

Apparent digestibility Hean retention time ( h. 
of energy ( % )  

Dried gras s shorn 73 . 8  73 . 3 0 . 6  33 .9 33 . 6  1 .8 
unshorn 72 . 4 74. 6  31 . 3  34 .4 

Chopped hay shorn 55 .3  5 1  . 3 0 . 8  32 . 4  27. 2  1 . 8 
unshorn 56 .4  54. 1  34 .3  30 . 7  

Ground hay shorn 48 . 7  46 . 2  0 . 8  27 .3 23 . 8  1 . 2 
unshorn 51 . 5  50 . 5  30 . 1  31 . 0  

Apparent dige stibility Nitrogen retained 
of nitrogen ( % )  ( g/24 h. ) 

Dried grass shorn N .D .  72 . 5  1 . 4 N .D .  5 . 77 0 . 23 
unshorn 72 . 6  5 . 70 

C hopped hay shorn N .D . 48 •. 7 
N . D .  

2 . 05 
uns horn 52 . 9 1 .93 

Ground hay shorn ?� . D  • 
45 . 3  N .D .  1 .88 

unshorn 46 . 3  1 .  51 

N .D .  = not determined 

Exot 3 :  Hean apparent digestibilities o f  the energy of the ground hay 

are given in Table 4. 8 .  There was no change in the apparent digest­

ibility of the energy of the ground hay folloHing shearing . 



TABLE 4.8 Expt 3 .  Apparent digestibil ity o f  energy and 
1 M""'c mean retention time of food re sidues using e ,  

and obtai ned with �1eep offered ground hay before 

and after shearing 

Measurements Period 1 Period 2 SE Significance 
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of differences 

Apparent dige stibil ity 

of energy ( % )  shorn 51 . 6  51 . 1  0.7 NS 

unshorn 51 .9 53 . 0  

Mean retention 

time ( h. )  shorn 34.9 29 . 7  1 .6 + 

unshorn 32. 5 3 5 . 0  

Expt 4: The mean apparent digestibil ity of the e nergy of the chopped 

hay was 54 .9 ± 1 . 2% 

4.3 . 5  Mean retention times of food residue s in the alimentary tract 

Expt 1 (a ) :  Mean retention times o f  food re sidue s were 31 . 3  � 2 .6 h .  

for the driad gras s ,  and 36 . 5  � 0.9 h.  for the chopped hay. Mean 

retention times were lower by 3 . 2  h. for the chopped hay after the 

sheep were shorn , and were higher by 2 . 0  h. for the unshorn sheep fed 

chopped hay , in Period 2 .  There was a highly significant negative 

relationship ( P < 0. 01 ) bet\veen the DM intake of the chopped hay (kg ,x ) 

and mean retention time ( h . , y) of the hay ( r = -0. 77, 8 df, b = -. 04 ..:!:. 
. 001 , sy.x,  2 .2  h. ) .  There was no change in the mean retention time s 
of dried grass when sheep were shorn , although mean retention time s 

with the unshorn sheep increased by 3 . 7  h. in Period 2. However the 

changes were not statistic ally significant nor was there a significant 

relati onship betwe en the voluntary intake of dried gras s and mean 

re tention time of food residue s. 

Expt 1 (b):  Mean retention time s of the hay residue s were 36 o 3  and 

31 .8  � 1 . 5 h. for Period 1 and Period 2 ( shorn ) re spectively. Corre s­

pond ing value s for the dried grass were 34 . 7  and 28 . 3  � 3 .8  h. 

Expt 2 :  Although it appeared that mean retention time s  for the chopped 

hay were lower following shearing , ( Table 4 .7 )  the se difference s  were 
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insuffic ient to reach si gnificance ,  but. a highly significa11.t negative 

relati onship ( P < o. o1 ) ,  ( r  = -0 .93 , 6 df , b = -0. 02 .:!: . 003 , sy 8 x  1 . 7 )  

was obtained between DH intake ( kg ,  x) and retention t ime ( h.,  y ) .  

The c orre spond i ng relat,i on ship was significant ( P  < 0. 1 0 )  for the ground 

hay ( r  = -0.61+ , 6 df , b = - . 007 .:!: . 003 , sy .x 2 . 7 )  but there ws no 

significant relati onship between the se parameters for the dried gras s .  

Expt 3 :  The mean retention time of ground hay re sidue s d etermined 

with the shorn sheep in Peri od 2 were s ignificantly less ( P < 0. 1 0 )  

than c orresponding value s obtained wit h the unshorn sheep ( Table 4 .8 ) .  

A s ignific ant negative relati onship ( P < 0 . 05 ) was obtained bet\vecn the 

DH intake of the ground hay ( kg ,  x ) and retention time ( h. , y ,  r =-0. 57 , 

1 4 df, b = - . 009 .:!: . 004, sy .x 4. 4  h . ) . 

4. 3 . 6 Dige sti on o f  ce llulose in the rQ�en 

Expt 1 (a) a11.d 1 (b) : The times trucen for the cotton thr eads,placed jn 
the ventral sac of the rumen, to los e 30% of their weight were less for 

the hay than the dried gras s ( Table 4.9 ) .  No e ffect of shearing was 

evident in the re sults obtained . 

TABLE 4.9 Expt 3. Time for 30% los s of weight of cotton 

threads placed in the ventral rumen of sheep 

rece iving chopped hqy or dried grass , before 

( P1 ) and after ( P2 ) shearing 

Expt Period Time ( h. ) for 3�; loss 
of weight . 

C hopped hay Dried grass 

1 ( a )  1 25 3 0  

1 ( a )  2 22 33 

23 34 

1 ( b )  1 23 34 

2 21 29 

4. 3 . 7 Live weights and live weight c hange s 

Remarks 

all sheep unshorn 

shorn 

unshorn 

all sheep unshorn 

all sheep shorn 

Mean l ive weights of the sheep at the beg inning of all experiments 

are given in Table 4 . 1 . 
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Expt 1 (a} : There were in sufficient data to obtai n meaning ful compari­

sons between shorn and unshorn animals . Mean live weight change s  taken 

over t he whole of the experiment were 80 g/24 h. for the sheep 

receiving dried grass, and -49 g/2/+ h. for those fed chopped hay. 

�xpt 2 :  Mean daily live \-Jeight change s over the post-shearing period 

are summarised in Table 4 . 1 0 .  With the exception o f  the unshorn sheep 

in Period 2 , l iveweight gains were greater with the sheep fed dried 

grass .  It i s probable that much of the increas� live we ight gain of 

the shorn sheep receiving chopped hay and ground hay in Period 2 arose 
• 

through a gre ater alimentary tract filJ1 as a consequence of the increase 

in food intake . 

TABLE 4 . 1 0 Expt 2 .  Hean daily l ive vleight changes ( g/24 h. ) 
of sheep rece iving dried grass , c hopped hay or 

ground hay ,  be fore ( P1 ) and after ( P2 ) shearing 

Diet Treat- Period 1 Period 2 SE Signific ance 
ment ( g/24 h. ) of difference 

Unad,j usted 

Drl.ed gras s shorn 1 48 1 3 5 27 � 
unshorn 1 1 0  1 0  

C hopped hay shorn 50 1 1 2  29 � 

unshorn -63 72 

Ground hay shorn 69 1 1 2  43 NS 
unshorn 1 5 -5 

Adjusted on the basis of empty l ive we ights 

Dried gras s shorn 1 53 1 33 25 + 
un shorn 1 08 1+2 

C hopped hay shorn 23 27 41 NS 
unshorn -93 43 

Ground hay shorn 52 -9 3 7  NS 
unshorn 1 1 1  

SE = Standard error of per iod means 

Live weight gains were therefore adj usted on the basi s  of equations 

relating Dt1 intake ( x, kg/24 h. ) to t he weight of the contents of the 

al imentary tract ( y, kg ), determined at slaughter. The data for the 
ground hay and chopped hay were obtai ned in Expt s 3 and 4 respectively , 
with that for the dried grass be ing obtained in the experiment dealing 



with the e ffe ct of body condition on voluntary intake (Chapter 5 ) .  

The equat ions were as follows : -

( 1 ) Chopped hay :  

y = 0.68 + ( 5 . 51 + 1 • .35 )  x ,  sy . x ,  0 • .3.3 kg ( P < 0. 01 )  

( 2 )  Grou!'l.d hay : 

y = 4.49 + ( .3 . 40 _!: 1 .32 ) x , sy . x ,  0.61 kg ( P <  0. 05 )  

(.3 )  Dried gras s :  

y = 3.87 + ( 2 . 56 _!: 0. 23 ) x ,  sy . x ,  0.72 kg ( P <  0. 01 ) 
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The adj us ted l ive weight gains are summarised in Table 4.1 0. a.nd 

show that most of the inc rease in li.v e 11eight gain in Period 2 c ompared 

with Period 1 , with t he shorn sheep receiving the c hopped hay or ground 

hay, had d i sappeared . The adj usted live ·weight guins of the unshorn 

�heep rec eh·ing dried grass '..Jcre stil l J.m-rer in Pe riod 2 c ompared with 

the shorn sheep . 

�xpt 21 C hanges in live weight based on actual measurement s ,  as well 

as those based on e mpty live weights , are summarised in Table 4. 1 1 . 
The empty live wei ghts were c alculated using equation ( 2 ) .  The re sults 

shO\o/ that the increase in al imentary tract content s ,  re sul ting from 

higher food intake s of the shorn sheep , partly contributed to the 

gre ater ac tual l ive weight gains in Period 2 . Even so the adj us ted 

l ive weight gains of the shorn sheep were signific antly greater 

( P <  0. 01 )  in Period 2 than in Period 1 .  

TABlE 4. 1 1  Expt .3 .  Mean daily live weight chang e s  of sheep 

rece iving ground hay, before ( P1 ) and after ( P2 ) 

shearing 

Live weight Treat-
change ment 

Live weight shorn 
c hange 
(g/24 h . ) unshorn 

Live weight shorn 
c hang e ( g/24 h. ) 
based on ·unshorn 
empty live 
weights 

Period 1 Period 2 SE S ignificanc e 
of di fference s  

97 2.30 .31 -!tit-

9.3 -29 

92 1 76 29 it it-

1 62 -26 



4 . 3 . 8  Measurements relating to the alimentary tract and 

alimentar� tract fill 

( i )  Ind irect meas'liT'eme nt of m1 in the reticuloru.rnen in Expt 1 (a ) :  

The amounts of DM in the reM.cul orwnen ( e stimated by using PEG ) of 

the sheep in Expt 1 ( a ) ,  together with mean daily DM intake s at the time 

of e stimation are g iven in Table 4. 1 2 .  There were no d ifferenc e s  in 
the amount of Dl-1 in the reticulorurnen of the sheep receiving chopped 

hay , before and after they were shorn , despite the considerably higher 

intake of the sheep following she ar ing . 

TAB LE 4.12 Expt 1 (a ) .  Amount o f  d ry  matter ( g ) ,  ( e st imated by 

us ing polyethylene glyco l ) ,  in the re ticulorumen of 

sheep receiving chopped hay or dried grass , before 

( P1 ) and after (P2) she aring , and dry matter intake s 

over the period of e stimation 

Chopped hay Dried grass 
Measurement Shorn Unshorn Shorn Unshorn 

DM in reticulorume n( g )  

Period 1 459 597 :!:. 27 *� 533 436 .:t 31 *' 

Period 2 1+81 41.t7 519 397 

DH intake ( g/24 h.  ) 
Period 1 71 5 1 1 40 1 561 11 21+ 

Period 2 1050 1 (92 1 955 1 3 28 

This result is consi stent with the shorter retenti on time of the 

c hopped hay residue s of the shorn sheep in Period 2 compared with 
Period 1 .  There were greater amounts of DM in the reticulorumen of 

the unshorn sheep receiving chopped hay i� Period 1 ( P < 0 .  01 ) than in 
Period 2 .  The value s for the unshorn sheep in Period 1 were also 

gre ater ( P <0 . 05) than tho se for the shorn group of sheep in both 

period s .  

( ii )  .§.g.ughter data : 

Table 4.13 summarises the data obtained at slaughter in Expt 3 

and 4. The only measurements showing no significant difference s 

betvTeen the shorn and unshorn animals, for both foods,  werer those for 



TABlE 4.1 .3 Voluntary intake s and live weights prior to slaughter, 
and digestive tract parameters by sheep receiving 
chopped hay or ground hay 

r--
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Expt J. Ground hay Expt 4 . Chopped hay 

Measurements Unshorn shorn 

DH intake mean 7 days 
prior to slaughter 1 1 95 1 773 
( g/24 h. ) 
Live weight at 40. 7  43 . 8  
slaughter ( kg ) 
Empty l iveweight at 3 2 .4 32. 2 
sl aughter ( kg ) 
Volume of reticula- 7.9 1 1  • 1 

rumen ( 1 )  
C ontents of rumen (g ) 5675 7664 

DM in the reticula- 61 3  802 
rwnen (g ) 

:J:-Adj usted DH in the 277 469 
reticulorumen (g )  

Contents of abomasum 697 1 1 31 
and omasum ( g ) 

Contents of 1 944 2830 
intestines ( g ) 

C ontents of whole 831 8 1 1 626 
tract (g ) 

DM in whole tract ( g )  934 1 1 71 

DM content of reticula- 1 0.6  1 0 . 2  
rumen ingesta ( g ) 

Weight of the 852 1 050 
reticu.l oru.rnen (g ) 

Weight of the abomasum 362 462 
and omasum ( g ) 

Weight of intestines ( g )  985 1 454 
Weight of whole tract ( g ) 2200 .321 7 
Weight of abdominal 1 462 1 21 8  

fat ( g ) 

SE 

1 8.3 it: 

2 o O  NS 

1 .6 NS 

1 .4 NS 

700 + 

1 32 NS 

69 + 

1 00 �-

273 � 

820 * 

1 39 NS 
0.9 NS 

1 07 NS 

1 7  * * 

73 *it 

247 * 
223 NS 

Unshorn 

1 1 29 

53 .�. 

41+ . 0  

1 1 .6 

7234 
496 

241 

401 

1 772 

94rh 

68.3 
6 . 7  

921 

426 

1 1 00 
2447 
3469 

shorn SE 

· 1 428 1 1 0 NS 

52. 0 1 . 7 NS 

40. 6  1 . 7 NS 

1 1 .8 1 • .3 NS 

81 47 860 NS 
989 80 * *  

461 66 + 

6.39 1 40 NS 

2566 358 NS 

1 1 350 1 21 NS 

1 31 .3 1 04 ** 

1 2 .2  0 .6  *� 

1 077 4.3 it: 

456 24 NS 

1 436 81 * 

2970 1 38 * 

1 948 597 NS 

:f: Adj usted DM in reticulorumen = DM in reticulorumen -

DM eaten on morning of slaughter 
NS , Non significant + , P < 0. 1 0 � ,  P < 0 . 05 

** , P <  0 .01 
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the volume of the rumen , and weight of "abdominal fat. All of the 

measurement s , exc ept the we igh t  of abdominal fat, whether significant 

or not , were greater for the shorn sheep compared with the unshorn 

sheep , vrith both the chopped and the ground hay . The amount of DM in 

the reticulorumen of the shorn sheep rece ivi.ng the chopped hay appeared 

to be higher than might be expected from the difference in mean DM 

intake between t he shorn and unshorn sheep . This c ould be partly 

attributed to the greater DM intake ( P < 0. 01 ) of the shorn sheep, of 

528 g , compared with the unshorn sheep of 255  g, on the morning of 

slaughter. An arbitrary all owanc e f or this was made by subtracting the 

food eaten on the morning of slau�hter from the amount of digesta DM in 

the reticulorumen . This considerably reduced , although it did not 

eliminate difference s in the amount of DM in t he reticulorurnen betv1een 

the tvro groups of sheep . There were no significant differences in DM 

intake on the morning of slau�hter , between the shorn and unshorn 

s heep receiving gro und hay. A note\..rorthy feature of th e results was 

the gre ater �eights of various alimentary organs with the shorn sheep 

compared with the unshorn sheep in both experJments .  

Relati onships be tween DM intake ( g/24 h. , x ) and various alimentary 

tract measurements ( y )  are stunmarised in Table 4. 1 4. The relati onship 

between DM intake and the amount of DM in the reticulorumen for both 

diets is illustrated in Fig . 4. 4. Relati onships were almos t  all 

s tronger for the unshorn coopared with the shorn sheep ( Table 4. 1 4 ) .  

Most of the relati on s hips for th e pooled data were significant for the 

c hopped hay , but not the gro und hay . Fig . 4.4. provid e s  an example of 

the nature of the relationships .  

Feeding behavi our :  

A summary of feedi�� behaviotrr obtained in Expt 1 (a ) ,  1 ( b )  and 2 

i s  given in Table 4 . 1 5 . The time spent eating dried grass was l e s s  

than that spent. eating hay , and almo st tv-rice the time was spent eating 

a unit amount of hay compared with g ras s .  Ruminating time s were also 

less for dried grass compared with the hay , particularly when expressed 

per unit of intake . There were no difference s  in the time spent 

ruminating between the chopped hay and ground hay, but the sheep spent 

le ss time eating the ground hay than the chopped hay. The shorn sheep 

receiving chopped hay spent more time ruminating than the unshorn sheep 

in Expt 1 (b ) .  C omparisons in feeding behaviour between shorn and unshorn 

sheep in Expt 1 ( a ) and 2 were not available . 



TABLE 4. 1 4  Expt 3 and 4. Significance of relationships ,  and 

correlati on coeffic ients between dry matter intake 

and various alimentary tract measurements , for 

sheep receiving ground hay or chopped hay 
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Ground hay Chopped hay 

Relationships ' Unshorn shorn unshorn 

DH intake{d24 h.x) versus �(g) : 

DH in the reticulorumen .96 -12 . 51 NS . 77 NS 

Wet contents of intestine .66 NS .1 0 N"S . 99 **" 

DH caudal to rumen . 8 5  NS . 38 NS .96 * 

Wet contents of tract . 8 5  NS . 53 NS . 96 � 

DH in tract .98 lt . 47 NS . 87 NS 

Weight of abomasum and omasum .9 7 *: .1  0 NS .34 NS 

Weight of tract . 8 5  NS . 9 5  *. . 77 NS 

TABLE 4 . 1 5 Expt 1 (a ) ,  1 ( b )  and 2. Mean time spent eating and 

ruminating dried grass , chopped hay or ground hay 

shorn 

.87 NS 

. 56 NS 

. 21 NS 

. 67 NS 

.97 NS 

• 75 NS 

. 65 NS 

Experiment E a t i n g R u m i n a t i n g 

and Diet Min/24 h. Min/g DH intake 

Expt 1 ( a )  

Dried gras s 
Chopped hay 

Expt 1 ( b )  

Dried grass 
Chopped hay 

Dried grass shorn 

222 + 23 * -

282 

1 83 .:: 26�* 324 

. 1 5 .! 

. 28  

. 1 4 .!  

. 28  

. 1 3 .:!: 
Dried grass unshorn 

201 .:!: 24NS 1 67 . 1 5  

Chopped hay shorn .32 .:!: 
Chopped hay unshorn �ft .:!: 47NS . 24 

Expt 2 

Chopped hay 
Ground hay 

31 2 .:!: JO*ll- .31  .:!: 
222 . 25 

NS ,  non significant 

* ,  P< 0 . 05 
** , P <  0. 01 

• 02 itlt 

• 03 ** 

. 02 HS 

. 05 NS 

. 04 NS 

Min/24 h. Min/g DH intake 

, 51 O .:!: 23 NS 550 

492 .:!: 3 0  lt 
565 

536 .:!: 38 NS 455 

620 .:!: 26 ** 520 

572 .:!: 39 NS 572 

.3 5 .:!:  . 05** 

. 55 

. 37 .:!: 
. OJ*it . 4 8  

.34 .:!: . 03NS . 39  

. 52 .! 
. 04 lt .44 

. 59 .:!: . o6NS .61 
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F I G U R E  4.4 Relationships between dry matter intake 

and the amount of dry matter in the 

reticulorumen of sheep, determined at 

slaughter. 

o, unshorn; •, shorn. 
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DISC USSION 

Vol untqry food intake 

The result s obtaintd in these experiments showed that chanees in 
voluntary food intake of sheep following shearing varied with the type 

of diet, and its physical form. 

The increases in voluntary food intake of sheep receiving both 

chopped hey or ground hay following shearing, in the present experiments ,  

were more consistent than the changes observed tin the intake o f  dried 

grass.  The extent of the increases  in intake for chopped hay agreed 

with those obtained by other workers , using similar diets. It was 

calculated from the data of Minson & Ternouth ( 1 971 ) ,  and Weston "( 1 970) 

that the estimated ME intake ( DE x Oe82 ) increased by 1 50 to 290 kcal/ 

24 h.  when sheep were shorn. Similar responses with chopped hay were 

noted in the present serie s of experiments ,  with mean increases of 1 75 

and 1 49 kcal estimated ME/24 h. for intact and fistulated sheep res­

pectively (Chapter 3 ) ,  and 23 5 kcal in E.xpt 2 ,  in the pre sent chapter. 

The main exception to this was the large increase in intake of the 

sheep receiving chopped hay in Expt 1 ( b ) .  The chopped hay in this 

experiment had a higher digestibility than in any other experiment, 

which may have contributed to this difference .  However this re sult is 
based o n  l imited evidenc e , obtained w1th two she e p ,  with no unshorn 

controls.  The mean increases in e stimated ME intake of the sheep 

rece1v1ng ground hay , when they were shorn, of 385 kc�./24 h. in Expt 

2 and 393 kcal/24 h. in Expt 3, indicates that grinding had the effect 

of enhancing the re sponse to shearing. The net increase in the 

e stimated ME intake of ground hay at the time of maximum re sponse of 

572 and 667 kcal/24 h. for E.xpt 2 and 3 respectively is considerable. 

That the increase in the food intake of the sheep receiving the ground 

hay was suffic ient to meet the increase in energy demand following 

shearing is indicated by live weight changes which were at least main­

tained in Expt 2 and increased in Expt 3 ,  and are in contrast to the 

results obtained with the sheep fed chopped hay in the earlier experi­

ment (C hapter 3 ) . 

Evidence gained by Blaxter & Wilson ( 1 963 ) suggested that a minimum 
of 8 . 5% crude protein was needed to ensure maximum intake of hay by 

sheep. Crude protein levels of the hay used in the present experiments 

were above this value and were higher than the crude protein level of 
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the chopped hay used in the earl ier exfl;riment (C hapter 3 ) . Therefore 

it is probable that intake was not limited by l ow levels of protein in 

the present experiment . The positive nitrog en balance of the sheep 

rece iving hay in Expt 2 ,  support s this contention . 

In only one case was there an appreciable increase in the intake of 

d ried grass following shearing ( Expt 1 (a ) ) ,  but the re sul t s  of this 

experiment were probably affected by the emptying of the reticul orumens 

at the e nd of Period 1 .  It was al so noted that the voluntary intake s 

of the unshorn animal s rece iving dried grass in some case s decreased , 

as the experi ment progre s sed . While there may have been only small 

increases in the voluntary intake of dried grass follovling shearing , 

it d id appear , to some extent , to prevent the fal l in intake noted 

with the unshorn she ep ( Expt 2 ) .  The reasons for this lack of re sponse 

to shearing are di fficult to exp1 ain , as it was assumed from the work of 

Armstrong , Blaxter , Graham & Wainman ( 1 959 ) that the ambient temperature 

of 1 3°C chosen for the pre sent series of experiment s  would have been 

suffic i ently below the c ritical tempe rature of shorn sheep to have 

re sulted in a c on s id erable increase in energy expenditure . Hence an 

increase in the voluntary intake of dried gra s s  might have been 

expected, part icularly a s  physical factors l imiting intake may not 

have been important .  

Decreased voluntary intake s by ruminants \vhen fat have been 

observed by a number of workers ,  ( Schincke l, 1 960; Graham, 1 969 ; Foot , 

1 972 with she e p ,  and Bine s ,  Suzuk1 & Balch , 1969 -.Jith cattle ) . 

V oluntary food intake may be re stricted in fat animals by the pre sence 

of abdominal fat , as has been shO\-m by Tayler ( 1 959 ) ,  or it is pos sible 

that a mechanism po stulated by Kennedy ( 1 9 53 )  was operat ing , where some 

c ompound released from fat depot s in proportion to the ir siz e , inhibited . 

intake . Minson & Ternouth ( 1 971 ) observed that shorn shee p consumed no 

more lucerne hay of a high quality ,  with a ·  d ig e s tibility of 70. 6% , 

than did unshorn sheep , whereas the intake s of the ir shorn sheep , 

receiving poor hay were higher than the unshorn sheep. The dige stible 

DM intake s of the sheep receiving the lucerne hay were double those 

rece iving the poor hay s .  The she ep rec e iving lucerne hay al so gained 

weight throughout the experime nt , whereas the sheep receiving the poor 

hays lo st wei ght , or at be st barely maintained it . The author s were 

unable to offer an explanation of the se re sults beyond sugge s ting that 

''when the food intake is greatly in exc e ss of the 



maintenanc0 requirement s of sheep, a mechanism 

other than one maintaining an energy balance 

limit s food intake1t . 
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It is possible that with sheep receiving a food of low DE concent­

ration , a depletion of abdominal fat occur s and permits a greater 

increase in rumen volQ�c and hence a greater increase in intake , than 

with a food of high DE c oncentration , but evidence i s  lacking . 

4. 4. 2 Retenti on time s of food residues  a:1d a2parent dige st.ibil ity 

Hith chopped hay in E.."<pt 1 ( a )  and 1 ( b )  and ground hay in E.xpt 3 ,  

retention times were reduced following sheari ng . There was also a 
highly significant negative relationship ( P < 0 . 01 ) between DM intake 

and retention time with the chopped hay, bEt not with the dried grqs s .  

I n  Expt 2, t his relati onship was highly signific ant for chopped hay 

( P< 0. 01 ) , significant ( P< 0.1 0)  for the ground hay,  not significa..'1t 

for the dried gras s ,  and in Expt 3 ,  highly significant ( P< 0. 01 ) for 

the ground hay. This sugge st s  that physical c apacity of the tract 

played a part in limiting the int��e of both the chopped and ground 

hay. It is also appare nt that the se physical e ffects are modified by 

the particle size of the feed even though the particle size of the 

ground hay was not small enough to have affected the time spent 

rwnina ti ng • 

Unlike the earlier experiment de scribed in C hapter 3 ,  no clear­

cut depressions occurred in the apparent d ige stibil ity of the hay 

following shearing , as only with the chopped hay in Expt 2 was apparent 

digestibility depre s sed . This may be - a reflection of the limited 

a11ount of data available on apparent dige stibi..l ity. 

4. 4 . 3 Measurement s relating to the alimentary tract and 

al imentary tract fill 

The a11ount of D11 in the reticulorwnen, e stimated 1 by using PEG , 

of the sheep receiving chopped hay in Expt 1 (a ) did not increase 

following shearing , in contrast to the results obtained in an earlier 

experiment (C hapter 3 )  and in Expt 4 ( see Table 4. 1 3 ) . Inconsistencie s 

in the a�ount of DM in the reticulorwnen of the ��shorn sheep rec eiving 

dried gras s were also noted , so that the accuracy of the indirect 

e stimations of DM in the reticulorwnen could be questioned. That 



vol1mtary intake may !-1ave had an e ffect on the a'!lou.r1t of DH in the 

reticuloru'!len in Expt 1 ( a )  is indicated by the significant positive 

relati onships obtained b·�h1een the se t'o.Q variable s  with both diets .  
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The a.mou.r1ts of bc. t.h wet or dry content s of the alimentary tract ,  

or parts of  the tract determined at slaughter, were generally greater 

with the shorn sheep than the unshorn controls with both chopped hay 

a�d ground hay. This increase su�stantiate s earlier work in C hapter 

3 when it was postulated that a new thre shold to reticulorumen 

capacity is set in response to an increased energy demand followine 

shearing . The amounts of abomasal , omasal and inte stinal contents 

were greater with the shorn she ep receiving ground hay compared with 

the unshorn ru1imals ,  whereas with the shorn sheep receiving chopped 

hay there was no such clearcut increase in this part of the tract. 

This suggests that the particles of ground hay may have left the 

reticulorumen at a faster rate than the particle s fron chopped hay. 

Stronger relationships were obtained between DM intake and various 

alimentary tract me asureme nt s for the unshorn sheep compared with those 

for the shorn sheep . This was observed with both diets , and suggests 

that the physical capac ity of the tract m� have been of lesser 

importance in limiting intake with the unshorn , than the shorn sheep. 

The weights of the alimentary organs of the shorn sheep were 
heavier than those of the unshorn sheep receivine both the chopped hay 

and ground hay. The data for the sheep receiving the chopped hay needs 

to be treated with caution , &.s the sheep in the shorn group in Period 

1 had s ignificantly higher inta.kes ( P < 0.1 0 )  than those in the control 

group. It is pos sible that the shorn group of sheep receiving 

chopped hay may have had heavier al j�entary organs than the unshorn 

group of sheep at the start of the experiment wUh chopped hay. No 

such obj ections apply to the experiment with ground hay, as the 
voluntary intakes were similar bet•1een t he two groups of sheep at the 

start of the experiment . No measurements of the alimentary tract 

other than •might -v;ere taken, so that. no conclusions can be made as 
to vJhetber the increased -vmight s of the organs was because of an 

increase in volume or thickr.e s s  of the wall , or a combination of both. 

Fell , C arnpbelJ. & Boyne ( 1 964) observed a rapid increase in the weight 

of the wall of the alimentary tract as lactation progres sed , with 

grazir� ewe s ,  and the intestine s reached their greatest weight at about 

8 0  days after lambing . later Fell , Campbell , Mackie & vleeke s ( 1 972 ), 
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working with ewe s fed indoor s ,  again observed this hype rtrophy of the 

alimentary organs during lactati on. Maximum values for the hypertrophy 

of the rumen mucosa occurred in the 6th week of lactation , and the small 

intestine reac hed its maxi�um weight after the 4th week of lactati on , 

c onsiderably earl ie r  than noted with the graz ing ewe s .  C ampbell & Fell 

( 1 964 ) observed that the hype rtrophy of the alimentary c anal of rats 

when lactating , is a consequence of inc reased food consumpti on 

as soc iated with lac tation . If the increased vTeight of the alimentary 

organs means that they have an increased capacity , then much of the 

increase in food intake fo llowing shearing c ould be accommodated without 

a c onc omitant increase in the distension of the alimentary trac t .  

Although the increase in energy expenditure must have occurre d  inmtediate­

ly following shearing , increase s in intake were delaye d .  This illustrat e s  

the impr ecise nature o f  short-term contro l  o f  voluntary intake , 

probably partly because it has to await, hypertrophy of the al imentary 

trac t .  

4 . 4 . 4 Dige stion of cellulos e  in the rumen 

The measurement of the :r;-ate of breakdown of cellulose in Expt 1 ( a )  

and 1 ( b )  vTas carried out with the hope that it would provide information 

on one of the factors influenc ing intake ( se e  Section 1 . 2 . 2 . 3 ) .  No 

difference in the rate of d ig e stion was observed when sheep were shorn, 

but the evidence was too li�ited to s uggest that this was unimportant in 

influencing intake . For the reasons mentioned e arl ie r ,  ( Section 4 . 1 ) 

the determinati on of cellulose breakdown \vas not c arried out in the 

other experimen ts . 

4 . 4 . 5  Feeding behavi our 

Eating ��d ruminating time s were s imilar with the c hopped and 

ground hays , but were considerably greater than the times spent on 

the s e  activiti e s  by s heep rec eiving the dried gras s .  There is no 

evidence in this experiment that the t ime spent eating and ruminating 

influenc ed L�take . 



Conclusion 

The evidence obtained supported the results obtained in Chapter 3,  

in that the vol1.m�·.s.ry .:intake of sheep receiv.ir1e hay increased following 

shearing . In additi on the results showed that the respon se ,  in terms 

of an increase in vo11:Iltary intake , was greater for ground hay than 

chopped hay. This suggested that one of the factors involved in the 

control of intake , and the response to she aring, was the rate at which 

food partj. cles  c ould be reduced in s ize to pass from the reticulorumen . 

It appear e d  that the increase i n  the intake of either chopped hay 

or ground hay following shear j ng could be accommod ated partly by a 

decreCJ.se in the retention ti:nP. of food red.due s, and partly by the 

abH i ty of the al imentary tract. to in�rease it s capacity. The decrease 

in the intake of dried grass by unshorn sheep as the experiment 

progre s sed suggested that body condi ti on may have influenced the food 

intake of the se animals .  The irregular respons e s to shearing in terms 

of change s in voluntary intake by the sheep receivlne dried grass wre 

difficult to explain , although in Expt 1 (a ) and 1 ( b ) it cquld be 

claimed that in suffic ient number s  of s heep were used to produce mean­

ingful re sul t s .  Neverthel e s s the re sponse s with dried grass were 

different from those obtained, using chopped or ground .hay. The nature 

of the results obtained with dried grass in the pre sent chapter 

indicated the need for more information on the voluntary intake 

characteri stic s of sheep rece iving t hi s  fcod . This forms the basis 

of the next chapter. 



CHAPTER 5 

THE EFFEC T OF BODY C ONDITION AND OF SHEARD-JJ 

ON VOLUNTARY INTAKE OF SI-JEEP REGEIV lliG DRIED 

GRl!.SS 

S U H M A R Y  

Twenty 1 5-month old Romney wethers were used to c ompare 

the effects of body condit ion and of shearing on the voluntary 

intake of dried gras s .  Ten of the she ep were fed re stricted 

amounts of food for 60 days , the u thinll group , and 1 0  were fed 

ad l ibitur.1 for the same period , the 1�fat1t group. Live we ights 

at the end of the period of d ifferential feeding were 29 . 5  and 

40. 0 kg for the thin and fat sheep re spectively . Following a 

period of 1 4  days when al l sheep were fed ad libitum, five 

sheep in each g roup were shorn and five were left unshorn as 

controls , and received dried grass ad libitttm for a further 

four weeks . At the end of the experiment all sheep were 

slaughtered , and various Jneasurements relating to the aliment­

ary tract were made . 

There was an increase in the voluntar� food intake of the 

fat sheep following she aring , where as intakes of the fat unshorn 

sheep declined over the experimental period .  Dige stible energy 

intake, per unit of metabolic sizet of the thin shorn sheep was 

higher than �- 1 other groups , and it appeared that this resulted 

from a combination of the stimulus of shearing, and an increase 

in voluntary intake following a period of food restric tion . 

The lack of significant negative relati onships between the 

amount of abdominal fat and dige stive tract contents , or be tween 

the amount of abdominal fat and voluntary food intake , sugge sted 

that physical c onstriction of the alimentary tract by abdominal 

fat was not a factor l imiting the intakes of the fat un shorn 

sheep. The lack of relationships between voluntary intake and 

the wet and dry contents of the reticulo��en, and the strong 

relationship between intake and weight of the empty reticulorumen 

suggested that the physical c apacity of this orga� was playing a 

part in l i�iting L�take , whereas the strong relationship between 
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intake and the wet and d�J contents of the hind gut suggested 

that the capacity of this portion of the tract was not 

limiting intake.  

The evidence obtained indicated that physical factors 

placed a ceiling on volw1tary intake, but that the ceiling 

varied depending upon the ener�� requirements and body 

condition of the animals . 

INTROD TTv TI ON 
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In previous work (Chapter 4) inve stigating the effect of shearing 

on volunta_� food intake of sheep , re sponse s varied , depending upon 

the diet fed .  General ly with hay, there was a consistent increase in 

voluntary intake following shearing , but with dried grass the response 

was irregular. It is difficult to reconcile the se result s with the 

conclusion of Conrad , Pratt & Hibbs ( 1 964 ) that the primary determinant 

of food intake , when the apparent digestibility of a food is greater 

than about 67% , is the physiological state of the animal , whereas at 

lower apparent digestibilities physical factors , mainly the capacity 

of the digestive tract ,  limit voluntary food intake . Under this 

hypothesis it might have been expected that the intake of dried grass 

would have increased in a more predictable manner to meet an increase 

in energy expenditure consequent on shearing , in these earlier experi­

ment s .  It was also noted in some of this earlier work (C hapter 4 ) ,  

that the intake of unshorn sheep declined after a period of ad libitTh� 

feeding with dried g:r;as s.  It  appeared that shearing , whilst it  did. 

not always result in large increases in intake , did prevent the fall 

in intake noted with the unshorn sheep. A nu�ber of workers , e . g . 

Schinckel ( 1 960)  and Graham ( 1 969 ) have observed a progressive decline 
� 

in the food intake of sheep , as soc iated with increasing bodily fatne s s ,  

and Forbes ( 1 969 ) demonstrated an additive effect of an increase in 

the size of the uterus in pregnancy and an increase in abdominal fat , 

in depressing reticulorrunen volume. Tayler ( 1 959 )  working with cattle ,  

observed a negative relationship between internal fat and voluntary 

intru(e , and it is possible that the decline L� intakes of sheep receiv­

ing dried gras s ,  noted in the earlier work reported in Chapter 4 ,  may 

have been brought about in a sL�ilar manner . There are also indications 

that the opposite effect may occur , that is , an enhanced intake following 
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food restriction ( Bines , Suzuki & Bal ch,  1 969 with cows; Foot & 

Greenhalgh , 1969 with pregnant ewes ;  Allden & Young , 1 964 with 

she ep grazing pasture ) although the extent of this effect is difficult 

to determine . 

The effect of shearing on the voluntary intake of sheep has been 

investigated in a nmnber of experLnents (We ston , 1 970; Minson & Ternouth, 

1 971 ;  Wodz icka-Tomaszewska, 1 963 & 1 964 ) ,  but the effects of shearing 

on the voluntary intakes of sheep differing in body condition does not 

appear to have been studied . 

The obj ective of this experiment was to provide evidence on the 

effects of shearing on voluntary intake of sheep receiving dried grass ,  

and differing in body condition , in an attempt t o  explain results 

obtained in earlier work. It was also hoped that data obtained at 

slaughter, such as al�nentary tract fill and amolli!t of abdominal fat, 

might help explain some of the mechanisms involved in the c ontrol of 

food intake . 

HATERIAIS AND METHODS 

5 . 2 . 1 Plan of the exoerirnent 

Twenty Romney wethers ,  approximately 1 5  mo�ths old at the start 

of the experiment ,  were paired for live weight and were allocated to a 

fat· or thin group. The mean live weights of the groups at the 

beginning of the experiment were 33 . 5 1 1 . 4 and 34 .3 1 1 .4 kg for the 

Ufat11 and L�thin1t groups re spectively. 

An outline of the experiment showing the sequence of feeding in 

the various periods is given in �able 5 . 1 . The obj ective s  were to 

obtain two groups of sheep differing in live weight by approximately 

1 0  kg over a period of 60 days. The aim with the thin group was not 

to restrict intake too severely to achieve this difference ,  particularly 

in the sec ond stage of the preliminary period, as too great a food 

re striction , from the evidence of Keenan,  McManus & Freer ( 1 970 ) ,  can 

affect the extent to which sheep L�crease intake following realiment­

ation. At the end of the second preliminary period , the sheep within 

their body condition group were paired on the basis of their intake s ,  

and sheep within pairs were allocated at  random to shorn and unshorn 

groups , with the re striction that two of the sheep , one fat and one thin 

with very high intakes ,  were placed in the shorn groups .  The four groups 



of sheep were as follows : -

Fat shorn , 
Thin shorn , and 

Fat unshorn 
Thin unshorn 

TABlE 5 . 1  Outline of the experiment showing the duration 
of the periods , and feeding within each period 

Periods Duration Times of 
(days ) feeding 

Training period 1 4  0900 h.  

Fat group 

Chopped hay ad 

Thin group 

libitwn 
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Preliminary Chopped hay 750g ) Chopped hay 500g ) 
Period 1 ( PP1 ) 28 0900 h.  concentrate- ) ) 

oat husk 750g ) barley straw 1 OOg ) 
mixture ) 

Prel i.11inary 32  0900 h. Dried grass dried grass 200g 
Period 2 ( PP2 ) & 1 600 h. ad libitwn chopped hay 500g 

Standardisation 1 4  0900 h. dried grass ad libitum 
period (S , P . ) & 1 600 h. 

Experi.rnental 28 0900 h.  dried grass ad libitwn 
period (E . P . ) & 1 600 h. 

5 . 2. 2  Foods and feedL�g 

Because of the limited supply of dried grass ,  various diets which 
were available were used to achieve differences  in body condition over 
the experimental period. The hay and pelleted concentrate-oat husk 
mixture were the same as those used in a previous experiment (Chapter 3 ) , 
and apparent digestibility figures obtained earlier were used to 
e stimate intakes of DE . Apparent digestibility values for the barley 
straw were provided by G .F .  Wilson,  Massey University (unpublished 
data ) .  The dried grass was L�e same as that used in a previous experi­
ment ( Chapter 4 )  and was supplied in a chopped form by New Zealand 

Gras smeal Ltd . , Tahuna. 
The sheep were held in feeding crates in two temperature 

0 0 controlled rooms at an ambient temperature of 1 3  C ..: 1 C and were fed 

as shown jn Table 5 . 1 . 

) 



5 . 2 . 3  General manaeement and measurements 
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Voluntary intake and apparent digestibility of the dried grass 
\-lere determined as described in Section 4. 2 . 3 .  The apparent digest­
ibility of the dried grass was determined using two sheep in each 
treatment group, by total collection of faeces over 1 4  days . 
Digestible energy intakes for all sheep were calculated using the 
apparent digestibility values obtained with these sheep. The mean 
retention time of food residue s using 1 44ce were obtained at the same 
time , with the same sheep , and results were expressed as mean 
retention times , using the method of Castle ( 1 956 )  as described in 
detail in Section 2 . 2 . 4. 

Respiration rates were obtained at 1 400 h. for all sheep on two 
days in the standardisation period, and on two days in the first week 
of the experimental period . The length of wool remaining after 
shearing was measured on each sheep at nine point s ,  three on the dorsal 
mid-line and three on each side . The body condition of the sheep was 
defined by the method of scoring of Russel , Doney & Gunn ( 1 969 ) at the 
beginning of the experimental period. The sheep were weighed before 
feeding at weekly intervals ,  with results expressed as fleece-free 
live weights . The chemical composition of the dried grass was deter­
mined as described in Section 3 . 1 . 5 . 

All animals were slaughtered at the end of the experiment. The 
sheep rece ived food and water to within 2 h.  of slaughter, which took 
place from 1 300 h. on each of four days. Immediately after slaughter 
the alimentary tracts viere removed and the various organs were tied 
off. The volume of the reticulorwnen wRs obtained by water displace­
ment and the empty weights of the reticulorumen, omaswn, abomasum, 
intestines and weights of the omental , me senteric and kidney fat were 
obtained . The wet contents of the organs were measured and the dry 
weights of the contents of the reticulorumen and whole tract were 
determined by drying samples at 90°C for 4f3 h. 

5 . 2 .4 Statistical analysis 

The effect of shearing on voluntary intake was analysed by 
analyses of covariance and analyses of variance .  Regression analyse s  
were used to compare relationships between vol��tary intake or live 
weight and various alimentary tract measurements .  
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RESULTS 

Chemical comnosition of the dried g� 

The chemical composition of the dried grass was as follows : -

crude protein 1 8 . 8  ) 
ether extract 5 . 4 ) % of DM 
acid detergent fibre 24.3 ) 
ash 1 o. 7 ) 
gross energy 4 .40 kcal/g DM 

digestible energy 3 . 04 + 0� 07 kcal/g DM -

5 . 3 . 2 F)eece \.feights 

Air-dried fleece vleights were significantly greater for the fat 

sheep than the thin sheep ( p ' o. 01 ) and were as follows : -

Fat shorn 4 . 1 

Fat unshorn 4 . 8 + 0 . 26 kg -

Thin shorn 3 . 5  

Thin unshorn 3 . 6  

The mean length of wool remaining after shearing was 1 . 6  .!. 0. 04 mm. 

5 . 3 . 3  Volunta£Y food intake 

Mean daily voluntary food intakes are sun®arised in Table 5 . 2  and 
changes in mean daily voluntary food intakes are illustrated in Fig . 5 . 1 . 

The se show, in genera..l ,  that the voluntary food intake of the thin 

sheep was greater than that of the fat sheep and was greater for the 

shorn sheep than the unshorn sheep. A significant relationship ( P< 0 . 05 )  

was obtained betv1een empty body weight ( live-vJeight - weight of alimen­

tary tract contents deter�nined at slaughter ) and DM intake over the 

week prior to slaughter. Transformation of the data to logarithms gave 
g/ - b + 

a value for b in the equation , DM intake 24 h. - a vl of 0 .  79 - 0 . 37 

for the pooled data. The standard error was large and the exponent was 

not significantly different from 1 • 0.  HovJever the accepted exponent of 

0 . 75 ( Kleiber , 1 96 5 )  was used to expre ss DE intake as a proportion of 

metabolic size , to enable comparisons to be made with the re sults of 

other workers , independent of the size of the animal . When expressed 

per unit of metabolic siz e ,  DE intakes were s imilar between all 

treatments over the standardisation period, but varied widely over the 

experimental period. There were no significant differences in DM and 



T AB lE  5.2 Hean voluntary intakes of dried grass, retention 

times of food residues, respiration rates and 

apparent digestibility of th e dried grass, •rith 

fat and thin sh eep, shorn and unshorn 

Heasurements 

DE intake ( kcal/kg 
o. 75/24 h. ) 

DE intake ( kcal/kg 
o . 75/24 h. ) 

DM intake( g/24 h. ) 

DE intake( kcal/ 
24 h . ) 

DE intake( kcal/ 

kg0 . 75/24 h. ) 

Change in DE 
intake ( kcal/24 h . ) 
beh1een S.P. & E.P. 

Mean retention 
time ( h. )  

Apparent digest-
ibility of energy 

( % )  

Respiration rate/ 
m in 

Fat shorn Fat unshorn Thin shorn 
( FS ) ( FC )  

PP1 201 220 

PP2 260 245 .:t 8 

S.P. 1 485 1 326 
E . P . 1 564 1 1 34 

S .P. �450 4024 
E . P . 4754 3441 

S . P. 261 250 

E.P. 267 2Cfj 

304 -583 

27 . 4  29 .1 

69.4 69 .0 

S .P. 1 21 1 1 4  
E .  P. 27 1 1 4 

Significance of differences 

Voluntary intake during the 

Experimental Period 

( TS ) 

90 

1 1 2  

1 292 
1 71 0 

3896 
51 64 

265 

31 7 

1 268 

24.1 

68 . 1  

36 
24 

Thin unshorn 
( TC )  

97 

1 1 4 .:t 4 

1 1 69 .:t 84 NS 
1 4o6 .:t 1 05'�� 

3 560 ! 238NS 
42 78 .:t 299'£* 

264 .:!:: 1 2NS 

285 .:t 9*{t 

71 8 

+ 
25.8 - 2. 7NS 

69.7 .:t 0. 5NS 

41 .:t 9. 5'� * 
1 04 .:t 7 .3** 

DH intake DE intake 
( g/24 h . ) ( k cal/24 h . ) 

DE intake 
( kcal/kg 0 • 75;24 h. ) 

TS v FC 

TS v FS 

TS v TC 

TC v FS 

TC v FC 

FC v FS 

* *  

* 
, 

, 

+ ,  

NS, 

** 

NS 

+ 

NS 

NS 
* 

P <  0.01 

P < 0.05 

P< 0 . 1 0 

Non signi.;.. 
ficant 

*� {tit 

NS ** 

+ + 

NS NS 

+ lHt 

** ** 

PP1 = Preliminary Period 1 

PP2 = Preliminary Period 2 

S.P. = Standardisation period 

E . P. = Experimental period 
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97  

1 5  



DE intake between the thin shorn and fat shorn animals over the 

experimental period , but the voltmtru.-y intake of DE per unit of 

metabolic size was significantly higher for the thin shorn sheep 

( P < o. 01 ) than the fat shorn she ep. 

5 . 3 . 4  Apparent dige stibil ity, reten tion time of food re sidue s 

and respiration rate s 

98 

The se are summarised in Table 5 . 2 .  Because of the va.riation 

between animal s , and as there were only two animals per treatment , the 

large differenc e s  in retention time s were not statisticru_ly significant 

between treatments . A large decrease in re spiration rate occurred 

following shearing . The l ow re spiration rate of the thin sheep, c ompared 

with the fat sheep, in the standardisati on period is also apparent . 

The increase in re spiration rate of the thin unshorn shee p over the 

Experimental Period was associated with an increase in voluntary intake . 

Live weights and live we ight change s 

Live weight gains over the standardisation and experimental periods 

were adj usted on the basis of a significant relationship ( P< 0 . 01 ) 

between DM intake and the total weight of t he gut contents observed at 

slaughter. The regres sion equation , y = 3 .87 + ( 2 . 56 � 0 . 23 )  x ,  sy. x  

� 0. 72 kg was used to e stimate empty live weight s an d  from this to 

e stimate adj usted l ive weight change s .  

Actual and adj usted live weight s and l ive weight changes are 

summarised in Table 5 . 3 .  One of the obj ectives of the experiment was 

to obtain two groups of sheep differing in live vieight by approximately 

1 0  kg . A fUrther obj ective was to obtain this difference at a sl ower 

rate over the month preceding the experimental period . The evidenc e  

given i n  Table 5 .3 for live weight change s  over preliminary Period 1 ,  

and preliminary Period 2 shovl that the s e  obj ective s were l argely 

achieved . Using live weight gains adj usted for differences in al imen-

. tary tract contents ,  instead of actual live weight gains over the 

experimental period , altered the interpretation of the result s to the 

extent that differences in live weight gains between the thin shorn - --
and thin unshorn sheep were not significant, following the adj ustment . 

-----
------



TABLE 5 . 3 Mean live weights �!d live weight changes of 

fat and thin sheep receiving dried grass ,  
before and after shearing 

Measurement s Fat Fat Thin Thin 
shorn W1shorn shorn unshorn 
( FS )  (FG ) ( TS ) ( TC )  

Live weight change 
( g/21+ h. ) PP1 89 1 20 .:!: 1 2  -1 44 

+ 
-1 69 - 1 4 

Live weight change 
164 .:!: 1 7 

+ 
( r}24 h. ) PP2 1 77 - 3 - 25 - 9 

Live weight ( kg )  41 . 0  31 . 1  + actual 39 . 0  23 . 0 - 1 .9 + at end of PP2 empty 33 . 8  3 2 . 0  25 . 7  22. 8  - 1 .8  

Actual live weight 
1 64 .:!: 20 gain ( g/24 h. ) E . P . 1 1 9  20 229 

Adj usted live weight 
gain ( r)24 h. ) E . P . 1 08 39 1 89 143 .:!: 1 7  

Significance of differences  

TS v FC 

TS v FS 

TS v TC 
TC v FS 
TC v FC 

FC v FS 

Live weight at Live weight gain 
end of PP2 (kg )  over E . P . ( g/24 h. ) 

actual adj usted actual 
--

*' * �* 

�� it·:t: it� 

NS NS -12-

it* ** NS 
-l:lt ** ** 

NS NS ** 

PP1 = Preliminary period 1 
PP2 = Prel iminary period 2 

E . P. = Experimental period 

NS , Non significant 
it· , P < o. o5 

iHt • p < 0.01 

uaRA:n 
MASSEY UNiVl::RSITY 

adj usted 

** 

it* 

NS 
NS 
if-lt 

it 
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TABLE 5 . 4  Voluntary intake s ru1d live weight at the end of 

the experimental period as well as digestive 

tract pare-aeters showing significa11t differences 

between treatment groups 

Heasurements Fat Fat Thin Thin 
shon1 unshorn shorn unshorn 

(FS ) (FC ) ( TS )  ( TC )  

DM intake 7 days 
1 .382 .:!: 1 1 .3  prior to slaughter 1 5//:J 1 087 1 765 

( g/24 h. ) 

Live weight at + 
slaughter (kg)  47 .4 42. 1  4.3 . 8  .38 . 9 - 2 . 1  

Empty live weight(kg ) + 
at slaughter .39 . 7  .3 5 .  5 .35 .4  .31 . 5 - 1 .8 

Di1 in reticulorumen(g ) 7ch 57.3 '741 
+ 

597 - 45 

Weight of reticula-
91 .3 .:!: 48 rumen ( g )  1 004 8a:) 1 00.3 

Weight of abdominal 
901 .:!: 1 .34 fat ( g )  1 8.30 1 59.3 1 279 

\-Jet contents of 
1 9.3 .:!: 4. 7 tract/kg L .  W .  ( g ) 1 64 1 57 1 92 

Significance of differences 

TS v FC 

TS v FS 

TS v TC 
TC V FS 

TC v FC 

FC v FS 

DH Empty DH in 
intake liv..;weight rumen 

-lf-:t NS * 

NS NS NS 
* NS -lt' 

NS -1: NS 

+ NS NS 
* NS + 

NS = Non significant 

+ , P < 0 .1 0 
* ' P < o. o5 

** , P < o. al  

Wt. of  1.n . abdom- \-!et contents 
ru:nen inal fat tract/kg L .W 

if NS �� 

NS * -!:  * *  

NS + NS 

NS ** ** 

NS *11' ** 

* NS NS 



TABlE 5. 5 S ignific ��ce of relationships and correlation 

coeffic ients between intake or live •might and 

various alimentary tract measurements for fat 

and thin sheep , shorn and un.shom 

Relationships 

DM intake 
(g/24 h. ) (x} :  

Weight of 
rumen ( g )  

Weight of 
tract ( g )  

vJet contents of 
intestine ( kg )  

vlet contents 
of tract (kg )  

DM post 
rumen ( g )  

DM in tract 
( g ) 

Height of 
abdominal 
fat ( g ) 

Pooled 
1 8df 

. 73** 

. 66lH 

• 74*� 

• 78*·-lt 

.61 * *  

. 63* ·:\-

. 29NS 

Live 1-Ieight(kg)(x) : 

Weight of 
abdominal .64** 
fat ( g ) 

Weight of 
tract ( g )  • 73*-ft 

vlet contents 
of tract (kg ) .63 *-it 

DM inta.'.{e ( g/24 . ?6·*-� 
h . ) 

Fat 
7df 

.615:l' * 

.65lt 

. 82*·;} 

. 84** 

.45NS 

. 76':! 

. 59NS 

• 70* 

.66� 

. 84** 

.92** 

Adjusted liveweight {kgi(xL :  

Wet contents .38NS .67* 
of tract 

Dt.f intake ./P . 87*-� 

(g 24/h. ) . .  

Thin Fat 
7df shorn 

3df 

.88*� . 78NS 

.80**' - .  01 NS 

.69lt' .95* 

.67.t. .97'4:� 

.68* . 8 5+ 

.74� .91 * 

.44NS .34NS 

. 57+ . 55NS 

. 87*lf .31 NS 

.67:1 .97** 

. 76* .89* 

. 59NS .96*ll 

. 71 *  . 87+ 

Fat 
U.."lshorn 

3df 

• 71 tS  

.92* 

. 89� 

. 55NS 

. 51 NS 

. 56NS 

.93* 

.931f 

.85+ 

. 55NS 

.97** 
. -

. 08NS 

. 87+ 

Thin 
shorn 

3df 

.9 0* 

e96U 

. 78NS 

. 75NS 

. 86+ 

. 77NS 

- . 1 9NS 

. 30NS 

. 94'lt 

• 75NS 

. 87+ 

.36NS 

· . 76NS 

1 01 

Thin 
U.."lshorn 

3df 

.85+ 

.40NS 

. 26NS 

. 1 3NS 

. 03NS 

. 05NS 

. ?ONS 

. 53NS 

.97';!;{t 

. 1 3NS 

.46NS 

. 75NS 

. 50NS 
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5 .3 . 6  Slaughter data 

Dry matter intake and live weight before slaughter , together with 

data obtained at slaughter shO\.J"ing significant differences betv.reen 

treatments are summarised in Table 5 .4 .  There were no s ignificant 

difference s between treatments for reticulorumen vol�me , wet contents 

of the reticulorumen , DH in the whole tract , wet \-/eight and d!"J we ight 

of the c ontents of the inte stines ,  weight of the o.masum and abomasum 

and weight of the intestines .  ReticuJ.orumen \.J"eights were lower for 

the fat unshorn sheep than the thin shorn or fat shorn sheep .  The two 

heaviest sheep , ( see Section 5 . 2 . 1  ) , one each in the shorn groups , 

al so had the heaviest reticulorumens .  Omitting the data for these 

sheep from the statistical analysis decreased the standard error, but 

the differences noted above were still significant ( P <  0 . 05 ) .  In 

addition the difference in the weights of the retictuor�mens , in 

favour of the thi n unshorn sheep compared with the fat unshorn sheep ,  

now reached significance ( P < 0 . 1  0 ) .  

Some of the significant relationships between intake or live weight 

and various parameters are summarised in Table 5 . 5 .  No significant 

relationships \.J"ere noted between m1 intake (x ) and weight · of wet or dry 

reticulorurnen contents or weight of abdominal fat ( y ) ,  nor between the 

weight of abdominal fat (x ) and the wet or dry contents of the reticula­

rumen or alimentary tract as a whole (y ) .  No obvious patterns emerge 

from these relationships ,  although the relationships for individual 

treatment groups (DM intake as the independent variable ) were 

weaker for the thin unshorn sheep ,  compared with the other treatment 

groups . 

The relationship between live weight and w·eight of the alimentary 

tract , or its contents , contains a common element between the variables , · 

and the use of the adj usted or empty live \.J"eight as the independent 

variable resulted in most of the relationships being non significant . 

5 .4 DISCUSSION 

The results  showed that the voluntary intake of sheep receiving 

dried grass was affected by both body condition and shearing . 

Voluntary food intake of the fat sheep incrensed when they were shorn, 

the mean inc rease over the four weeks of the experimental period being 

304 kcal V£/24 h. This is in contrast to results obtained in earlier 
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experiments (Expt 1 (a ) ,  1 ( b ) and 2 in Chapter 3 )  on the effects of 

shearing on the volunt ary intake s of sheep rece iving dried grass .  In 
the earlier expe riment s ,  response s varied greatly , and the re sults in 
terms of changes in intake with shearing were inconclusive . Because 

more animals were ltsed per treatment , the information gained in the 

pre sent experiment is considered to be more reliable than that obtained 

in the earlier work , so that it doe s  appear that the intake of a food 

of high DE concentration can increase substantially , to meet c:n incraase 

in energy e}:pendi'ture . 

The de crease in voluntary intake after sheE:p had rece ived dried 

gras s ad libitum for some time , confirms earlie r  observations (C hapter 

4 ) .  Decreased voluntary intake s by fat ruminants have bee n observed 

by a number of workers e . g .  Sc hinckel ( 1 960) , Graham ( 1 969 ) and Foot 

( 1 972 )  \-lith sheep , and by Hutton ( 1 963 ) ,  and B ine s ,  Suzuki & Balch 

( 1 969 ) with cattle . The decreased intakes in the pre sent experiment 

occurred \-lith sheep which were pre sumably still at the growing stage 

( 1 8  mo of age ) when the continuing demand s of growth might have been 

expected to have maintained intake . Besid e s ,  the animal s were not 

obe se , but could be classified as mode rately fat , with a c ondition 

s core of 4, using the methods and rating developed by Rus sel , Doney & 

Gunn ( 1 969 ) . Graha� ( 1 969 ) obs erved decreased intakes with fat mature 

sheep , but Graham & Se arle ( 1 9 72 )  observed no such change with young 

sheep.  However Hutton ' s  ( 1 963 ) cattle jncluded a proportion of 

immature animal s .  Unlike the re sults obtained by Forbes ( 1 969 ) ,  no 

s ignificant negative relationships were n oted between the amount of 

abdominal fat and d ig e s tive tract contents , and unlike those of 

Tayle r  ( 1 9 59 ) ,  no significant negative relationships were noted 

between the amount of abdominal fat and voluntary intake . In the 

pre sent experiment the reverse was true , in tr�t there was a s ignifi­

c ant positive relationship ( P < 0 . 05 )  between DH intake and abdominal 

fat with the fat unshorn sheep. The high re spiration r ate s of the fat 

unshorn sheep suggest that intake may have been inhibited by heat 

stress, although this would probably not acc ount for the progre s s ive 

decl jne in food . intake which was observed . 

Voluntary intake s of the thin unshorn sheep in the experimental 

period were such that some compensatory eating probably oc curred , 

although its extent was d ifficult to j udge . The level of intake of the 

thin sheep following s hearing was considerably higher than the other 
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groups of sheep. As DE intakes per unit of metabolic size were 

similar for the two groups of thin sheep over the standardisation 

period , the difference in intake between these tHo groups in the 

experimental period of 32 kcal DE/kg 0 • 75/24 h. or approximately 500 

kcal DE/21+ h .  (41 0 kcal HE for a 40 kg sheep ) could represent the 

increased intake due to shearing . 

The voluntary intakes  of the thin shorn sheep over t he experimental 

period of 31 7 kcal DE/ kg 0 • 75/24 h. were considerably higher than 

voluntary intakes observed by other workers for sheep receiving diets 

of a similar DE concentration. Dige stible energy intakes of 265 kcal/ 

kg 0 • 75;24 h.  were observed by Donefer,  Lloyd & Crampton ( 1 963 ) ,  226 

kcal by Dinius & Baumgardt ( 1 970 ) and 253 kcal by Dinius , Peterson , 

Long & Baumgardt ( 1 970 ) .  The evidence indicates that the voluntary 

food intakes of the thin unshorn sheep were enhanced by realimentation, 

following a period of restricted feeding, and that the increase in 
voluntary food intake by the thjn shorn sheep was influenced by the 

combined effects of shearing and realimentation. 

There is evidence that the food intake of sheep and cattle 

increases ,  following a period of undernutrition, (Bines , Suzuki & 

Balch, 1 969 ; Foot & Greenhalgh, 1 969 ; Allden & Young , 1 964 ) ,  but Allden 

( 1 968a ) ,  Hey er & Claws on ( 1 964 ) and Keenan,  McHanus & Freer ( 1 970 ) 

observed little or no increase .  According to  Allden ( 1 970 ) there is  

evidence that undernutrition imposed at different stages of  life may 

affect food intake in different ways during the recovery period . Thus 

Allden ( 1 968( a ) and ( b )  observed little or no recovery in intake with 

sheep undernourished in the first six months of life , whereas sheep 

undernourished over the second six months of life increased their 

intakes and rapidly overcame their growth handicap follm.ring realimen­

tation. The observation \.Ias also made by Allden ( 1 970 ) that pasture 

consumption ,following the restoration of a ·�normaln diet after a period 

of restriction , was greate st in animals which have shown considerable 

weight losses .  This was not supported by the observations of Keenan , 

McMa.:1us & Freer ( 1 970 )  who observed no relative increase in voluntary 

food intake between sheep that had previously been fed to maintain 

weight and those that had been fed at submaintenance level s .  The sheep 

which had been severely restricted ate less food durjng the first 

fortnight following realimentation, compared with the sheep that had been 

previously fed at a maintenance level . It was this observation that 
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d e termined the experL�ental pla� in the pre sent experiment. 

Live v1eight gains for the thin sheep were greater than those for 

the fat sheep in the experimentcl peri od ,  but live \.Jeight gains for all 

s heep were 10\.;er than might have been expected from e st imat e s  based on 

Agricultural Re search C ounc il ( 1 96 5 ) standards .  They \-Jere approximately 

850,  470, 540 and 300 kcal DE/24 h. lower than the published value s 

for the fat shorn , fat unshorn , thin shorn and thin unshorn groups 

re spectively .  The largest di screpancie s were noted with the shorn 

sheep and probably partly reflect the greater heat production of the se 

s heep . 

Interpretation of the slal�hter data was confounded by the fac t  

that the t hin she ep had regained a lare,e proporti on of their live 

weight over the eY..perimental period . However, differences in voluntary 

intake s between the groups of sheep were still large at slaughter . In 
contrast to the re sults obtained in Expt 3 and 4, C hapter 4,  there 

were no significant differences bet\-reen treatment g roups for rumen 

volume , wet matter ,  and DM in the whole trac t and in the inte stines .  

There \.Jere s ignificant, d ifference s  bet\-leen treatment groups in the 

amount of DM in the reticul orume n ,  with highe st value s being observed 

with the thin shorn sheep and fat shorn sheep.  This c onfirms result s 

obtained earlier ( C hapter 3 and Expt 4 ,  Chapter 4 ) .  

The significance of the various relationships bet1,.1een DH intake 

and the various al imentary tract parameters is difficult to asses s .  

There vmre no s ignificant relationships betv1een D�·f intake and d ry  or 

1-1et contents of the reticulorumen with any of treatment groups or when 

the data were pooled , The amount of wet matter in the reticulorumen 

was s imilar for all sheep regardl e s s  of treatment , \·.rith the exception 

of one animal in the thin shorn group with a high value , and one in the 

fat control group \o.rith a low value . There vm.s a signific ant relation­

ship betvreen Di-1 intake and wet and dry c ontents o f  the hind gut 
( P < 0. 01 ) .  Mtikela (1956) working with cattle fed hay , observed that the 

amount of wet c ontents of the reticuloru:nen 1,.1ere similar between 

animal s ,  despite d ifferen c e s  in intake . He obtained g ood r elationships 

betv1een DH intake and m1 in the reticulorumen and the hind gut . 
Ingalls , Thomas , Te sar & C arpenter (1966) observed 11no clear-cut111 
relations hip between D�1 i�take and the amount of DM in the reticulorumen 

of sheep rec eiving various hays . This led them to state 11'that there 

were probably other factors playing a role in c ontrolling ad libitum 
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intake of high quality hays1l . Pre sumably they meant factors other 

than fill in the reticuloru�en,  but their statement is hard to 

substantiate .  A nu�ber of workers ( Ingalls 1 Thomas , Tessar & 

Carpenter , 1 966; Huttc:.-1 , Hughes , Ne\.rth & Watanabe , 1 964; Forbes ,  1 969 )  

have jnterpreted significant relationships between intake and fill in 

various alimentary organs of sheep and cattle as suggesting that fill 

of these organs was not important in limiting intake . If this is a 

valid conclusion, the results obtained in the present experiment 

suggest that fill of wet or DM in the reticuloru�en, but not in the 

hind gut , may have limited intake . As already noted in C hapter 4 ,  the 

interpretation of the se relationships needs to be treated with c aution. 

That the capacity of the reticulo1�nen played a part in li�iting intake 

is also indicated by the signific��t ( P <  0 . 01 ) positive relationship 

between DM intake and weight of the reticulorwnen , a result also 

obtained with lambs by Wardrop & Coombe ( 1 960 and 1 961 ) and in cattle 

by l�ela ( 1 956 ) .  

Mean retention times of food re sidue s  were considerably lower than 

values for sheep receiving dried grass reported by Bl��ter, Graham & 

Wainman ( 1 9 56 ), and there is  a pos sibility that the use of 
1 44

ce under­

e stimated retention times in the present experiment ( see Chapter 2 ) .  

The data on retention ti�es with their high standard errors were 

insufficiently replicated to show statistically significant differences 

between groups . However there vias a negative relationship ( P < 0. 05 ) 

( r = -0.92 df 3 )  between DM intake and retention time for the fat 

sheep, but no significant relationship betvTeen the se variables for the 

thin sheep. If retention time is one of the factors which determine s 

fill in the tract, then this further indicates that physical factors 

may have been of some Dnport��ce ,  at least with the fat sheep.  

5 .5 CONC LUSION 

The evidence obtained in this experiment indicated that metabolic 

as well as physical factors played an important part in controlling the 

level of voluntary intake by sheep receiving dried grass .  Thus the 

voluntary intakes of the fat sheep increased when they were shorn, 

presu�ably to me et an increase in energy expenditure.  Evidence was also 

provided , that thin sheep increased their voluntary intake to such an 

extent that live weights recovered rapidly as the experDnent progressed £ 

and there was evidently a strong drive to overcome the energy deficit 
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imposed by a period of und erfeeding . There was al so evidence of an 

additive effect of shearing and body condition , re sulting in a 

c onsiderable inc rease in vohmtary intake of the thin sheep following 

shearing . Data obtained at slaughter indicated that physical factors 

may still have been operating , but probably at various levels with the 

different groups of sheep . The results illustrated a drive to overcome 

energy deficits overriding physical factors limiting voluntary intake. 
The increase in voluntary intake appeared to be achieved largely through 

an increase in the arno1.mt of the contents of the reticulorumen . Re sults 

obtained on the retention tL�e of food residue s were inconclusive . 

Evidenc e ,  substantiated by earlier \.Jork , shm�ed that the voluntary 

intake of unshorn she ep rece ivine, dried gras s declined after a period 

of ad 1ibit�� feeding . Re striction of the body cavity by abdominal 

fat did not appear to be a c ause of the decline. 

The extent to which the increase in voluntary intake met an 

increase in energy expenditure when sheep were shorn was in doubt in 

many of the experiments reported in this and preceding C hapters . 

Evidence from live weight changes was often l imited, because of the 

small numbers of animals used . For this reas on the extent of the 

increase in heat production , when sheep rece iving dried grass or ground 

hay are shorn , forms the obj ective of the experiments reported in the 

following C hapter. 



Q HAPTER 6 

THE EFFEC TS OF SHE/JUNG ON TEE HEAT FRODUCTICN 

AND ACTIV J.TY OF SHEE P R.EX: I<,IVIKG DRU.:D GRASS OR 

GROUND HAY 

S U M M A R Y  

1 • Mear.urP-r.1cnts of oxygen consu mpti on (values converted to 

heat production ) were obtained in two experiments 'tli. th 

Romney wethers , before and after they were shorn. The sheep 

\..rere fed ei thor grotmd hay or dried gras s , j UBt below the 

ad libitum level , so that as far as pos sibl e i ntake s were 

c on stant . The ambient teoperature at a11 time s throughout 

both experiments was mai ntain ed at 1 3°C � 1 °C .  

In Expt 1 ,  oxygen consumption 'vias measured with eight 

sheep in rotation us ine a single cal orimeter and in Expt 2 ,  

oxygen conswnption was measured with four sheep in rotati on, 

USlllC a vcntj lated hood . At the same time in Expt 2, the 

time s  th e sheep spent stand ing , lying , eating and ruminating 

were me asured . 

2 .  Oxygen consumpti on , and hence heat producti on, increased 

foll m.Jing shearing in both expe rj_ men t s .  In Expt 1 ,  heat 

produc tion vas signi ficantly greater ( P< 0. 05 ) on days 1 , 8 

and 1 6  foll oHing shearine, , compared with pro-shearing value s ,  
for the sheep receiving dried gras s .  For sheep rece iving 

ground hay , he at production was greater on day 1 ( P  < 0. 05 ) and 

day 8 ( P <  0.01 ) follo\ving shearing , compared vTith pre- shearing 

value s .  The me an maximum inc rease in heat pro duction following 

shearine 'ttas 553 kca1/2i� h. ( 25% ) for the sheep receivine drj_ed 

grass and 283 kcal ( 1 7% )  for those rec e 1ving ground hay. 

J .  The increases in heat production folloving shearing in 

Expt 2 supported the re sults in Expt 1 , although the maximum 

increases were rather l e s s ;  21 % for the sheep rece iving dried 

grass and 1 3% for th ose rece ivin g ground hay . 

4. The time - spent standing increased con s i derably when the 

sheep were shorn and although eatine time s decreased , it 

appeared , from the evid enc e  on the ener£,Y cost of standing , 
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that this change in behaviour made a considerable contribution 
to the increase in energy e):penditure follmving shearing . 

5. The re sults of the experiments were dis cus sed briefly in 
rel ation to publi 3hed re sul. t s  dea1ing with the effect of 

shearing on the heat production of sheep. 

INTRODOC TION 

The effects of shearing on voluntary intake of sheep receiv:i.ng a 
number of different foods have been re ported in the precedjne chapters. 

In general , volunte.ry food intake s in cre ased follovj_ng shearing v.rj_th 

greatest incre:ases oc curring with grcund hay ( Chapter 4 ) .  The increases 

in voluntary intake of sheep rec eiving ch opped hay were generally 

smaller than tho se observed when ground hay was fed� and with dried 
grc.ss incre ases were irregular in sor.1e expe rime nts. With dried grass , 

the conditi on of the an imal was shovm to affect the re sponse in terms 

of a change in voluntary intake follo,.,.ing shearing ( C hapter 5 ) ,  with 

th in sheep showir:g a considerable increase in voluntary intake . 

The observati ons of Armstrong , Blaxter , Graham & Wainman ( 1 9 59 )  

that the heat producti on of cJosel.y cl ipped sheep increased by 9 00 -

1 200 kcal at ambient te r.1perature s similar to those used in the present 
series of expe riment , do not agree well with the extent of the increase 

in voluntarj· intake fo llo,.,.ing shearing observed in many of the s hearing 

experiment s .  The fac tors affecting vo luntary food intake are so vB.ried 
and complex that the lack of consistent close relationships betvreen 

voluntary food intake and energy expenditure is not surprising . Thus 

inhibitory factors such as the rate at which food particle s are broken 

do,.Jrl and removed from the reticulorumen ,  time take for the al imentary 

tract to hypertrophy and body condition of the animals , c ould affect 
this rel ation ship . 

The obj ective of the pre sent ex:pe riments \vas to determine the 
extent to which the heat prod1;.c ti cn of sheep receiving dried grass or 

ground hay -was increased following shearing . In addition , in a second 

experiment , the. effects of shearine on the activity of the sheep was 

measured . 
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6 . 2  MATERIALS Ar>.'D VJ:THODS 

6 . 2 . 1 Plan of experiment s 

The Romney wethe rs used in the expe riments \·Tere fed dried grass 
or grc und hay ad libitum in crates ,  at ru1 ambient temp0rature of 
1 3°C .! 1 °C for a period of one month prior to the start of Expt 1 . 
The sheep used as co ntrols in Expt 1 were used in Expt 2, and had 
therefore spent a considerably longer period adapting to the conditions 
of the expe riment. The sheep were introduced to the calorimeter, used 
in Expt 1 1  on a number of occasi ons during the training month . Intake s  
were adj usted t o  bel ow ad l j bitum t\..ro \-.'eek s prior to the beginning of 
Peri od 1 in Expt 1 ,  in an ende avour to maintain intakes c onstant 
within sheep,  throughout the ex per .irnen t.  Both experiments -w-ere 
divided into 2 period8 , Peri od 1 \-Then all sheep were unshorn, ru1d Period 
2 when half the sheep were s horn. The plan of both experiments is 
given in Table 6 . 1 . 

TABIE 6 . 1  

EXJ2t 1 
Period 1 
Period 2 

Ex�t 2 
Period 1 
Period 2 

Plan of expe riments concerned with the effect of 
shearing in changing the heat production of sheep 
receiving dried grass or ground hay 

Durati on Dried grass Ground hay Periods in caJ.ori-
( days ) Number of Number of meter/ sheep ( 24 h. ) 

she ep sheep 

35 4 un shorn 4 unshorn 3 
45 2 shorn 2 shorn 5 ( Days 1 ,  8 '  1 6 , 

2 unshorn 2 unshorn 24 ,  45 ) 

1 0  2 unsborn 2 unshorn 2 
32 1 shorn 1 shorn 5 ( Days 1 ,  8 '  1 2 '  

1 un shorn 1 unshorn 1 8 , 32 )  

Expt 1 :  Eight Romney wethers were used , four receiving dried grass 
and four receiving ground hay . Feeding took place twice daily at 
0830 h. and 1 6 3C h. and 'rTater was availabl e at all time s.  The oxygen 
consumpti on of each she ep was me asured in a calorimeter at an ambient 
temperature of 1 3°C for period s of 24 h. Three such measurements were 
made during the 3 5 days of Period 1 .  Two sheep on each foc:d were shorn 
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and two were left unshorn as controls at the end of Period 1 .  Oxygen 

consumpti on was again me asured wit h  all sheep on days 1 ,  8 ,  1 6 ,  24 and 

.4.5 following shearing ( Period 2 ) .  The changeover of sheep in the 

cal orimete r tcok place at 1 3 00 h .  When not in the calorimeter, the 

sheep were held in their feeding crat e s  at an amb:i.ent temperature of 

1 3  i 1 °C .  As ttere was only one calorimeter ,  shearing was carried out 

on d ifferent days. s o  that each s heep was able to spend its 24 h. period 

in the ca�orimeter at the s pe cified time s ,  following shearing , in both 

Expt 1 and Expt 2. 

Expt � :  The four sheep which were not s horn in Expt 1 were used in 

th is expe riment , two receiving dried gras s and two re ceiving grotmd 

hay .  The dried gras s and ground hay were from the same batch of food 

used in Expt 1 .  Feeding and management were the sa�e as for Expt 1 ,  

except that feeding levels were re stricted still further to ensure a 

minimum of refusals , and oxygen consumption \.Jas measured using a 

ventilated hood over peri od s  of 24 h .  The smal l volume of the 

ventilati on hood , compared with the calorimeter , made it pos sible to 

meas��e change s in oxygen consumption ass oc iated with changes in 

activity of the sheep more rapidly and accurately. 

The oxygen consumption was deter:nined with each sheep for 24 h. on 

two occasions , separated by one ,.;eek in Period 1 .  One sheep on each 

food was the n  shorn and one l e ft unshorn as a c ontrol and oxygen 
consumption measured on days 1 ,  8 ,  1 2 ,  1 8  and 32 following shearing 

( Period 2 ) .  More frequent measurements were taken in the early part 

of the post-shearing peri od ,  as re sults obtained in Expt 1 s howed that 

most of the change s  in oxyc,en consumpti on oc curred at this time . As in 
Expt 1 ,  the chaneeover betwe e n  sheep t ook place at 1 300 h. When not 

in the ventilated hood , the sheep were held in their feeding crates at 

an ambient temperature of 1 3°C . 

6 . 2 . 2  Measurement s 

Oxyge n  consumpti on was measured in a calorime ter in Expt 1 described
. 

by Holmes ( 1 973) and in a ventilated hood in Expt 2 ( Holmes 1 971 ) of 

open-circuit de sign, similar to that described by Webster & Hicks ( 1 967) .  

Air was drawn through the calorimeter or hood at. a c ontrolled rate 

by a rotary pump and was cooled to betw'Ben 2 - 5°C ,  then re-\·!a.rmed to 

28°C in a thermostatically controlled room be fore pas sing through a dry 

gas meter . The measured volume of air was correc ted to conditions of 
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standard temperature and pre ssure . The oxygen content of small samples 

of ingoing and exhaust air, drmm through sHica gel ,  was measured by 

a paramagnetic analy s0r, ( :Vlodel O . A . 1 37 ,  Servomex & Co . , range 1 9  - 21 % 

02 ) ,  which \.Jas cal ibre:ted daily against gases of known oxygen content. 

The output of the analyser was connected to a potentiometric recorder 

and charts from the recorder were integrated with a planimeter$ Oxygen 

conswnption was determined by multiplying the corrected ventilation 

rate by the difference in oxygen content between the ingoing and exhaust 

air. The measurement system had been te sted by burning a weighed 

amount of ethar ... ol in a ventilated chamber . Measured oxygen consumption 

varied between 93 . 5  and 1 CO% of calculated consumption in nine tests 

carried out by Dr C . H .  Holmes of l1assey University .  The ventilation 

rate \.ms controlled to ensure that the exhaust air contained between 

1 9 .8 - 20 . 2% oxygen. 

Heat production was calculated using the equati on derived by 

Mc Lean ( 1 972 ) : 

H = 4. 89 Vo X 

where H = heat produced (kcal/24 h. ) 

and VoX = oxygen con sumed ( l/24 h. ) .  

McLean stated that the above equation e stimates heat production with 

an accuracy to within .:!:. 2%.  

In Expt 2,  the time spent eating and ruminating was measured by 

pressure change s  from a balloon attached to the lower j aw of the sheep. 

The time spent standing and lying was monitored through a thermocouple 

attached to the floor grating so that it came into contact with the 

animal 1 s belly as it lay do,.m.  The resultant te:nperature change was 

recorded on a Philips re corder. 

The apparent digestibility of the foods were determined with all 

sheep in Expt 1 by total collecti on of faeces over 1 4  days . Urine was 

collected daily over the same period at a pH of 2-2. 5 ,  maintained with 

0. 1 N  H2so4. Fresh faeces and urine were analysed for nitrogen by the 

Kj eldahl method ( AOAC , 1 96 5 )  and the nitrogen retained was determined. 

Gross energy of oven dried fe ed and faeces were determined using an 

adiabatic bomb calorimeter. Liveweights of the sheep in both experi­

ments were determined before the morning feed , immediately before they 

entered the calorimeter or ventilated hood . 

6 . 2 .3 Diets 

The dried grass was the same as that used in the experiment 
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described in Chapter 5 .  The ground hay was similar to that used in a 
previous experiment ( Expt 2 ,  Chapter 4 ) �  and had been ground with a 
hammer mill to pass through a 2 . 5 mm s c reen. The foods were analysed 
for ash, e ther extract ,  crude protein ( AOAC ,  1 96 5 )  and acid detergent 
fibre (Van Soest , 1 963 ) .  The chemical composition of the foods are 
pres ented in Table 6 . 2 .  

TABLE 6 . 2  Chemical compo sition o f  d ried grass and ground 
hay used in Expt 1 and Expt 2 ( g/ 1 00 g DM} 

Measurement Dried grass Ground hay 

Crude pro tein 1 7. 6  1 0 . 3  
E ther extract 5 . 4 3 . 8  
Acid det ergent fibre 24 . 3  3 1 . 4 
Ash 1 o. 7 8 . 6 
Gro ss energy ( kcal/g DM ) 4 . 40 4 . 35 

6 . 2 . 4 Analysis of resul ts 

The heat produc tion ( kcal/24 h . ) of each sheep was analysed 
separately in both Expt 1 and 2 by analysis of varianc e for difference s  
be tween days . Th e  he at production and t imes spent eating, ru�inating 
and standing by the sheep ( Expt 2 )  were separated int o seven 3 h. 
periods , for each 24 h .  spent in the re spiration hood. The first three 
hours of each 24 h. ( 1 300 - 1 600 h. ) were excluded to allow the animals 
t o  s et t le down and the equipment to reach equi librium. 

Multiple regression re lationships between heat production ( kcal/ 
24 h . ) or heat production ( kcal/24 h. /kg0• 75 ) ( y)  and eating ( x1 ) ,  
ruminating ( x2 ) and s tanding . ( �3 ) were computed separately for each 

sheep , and for Period 1 and for the mean of days 1 and 8 fo llowing 
shearing. However no reliable estimate could be made of the energy 
cost of each ac tivity because of the close relationship among the 
independent variables. 

A c lo s er examination of the original record er charts was therefore 
carried out with comparisons being mad e  as shown in Table 6 . 3 ,  with the 
cost of each activity being calculated by a differenc e method .  
Compari s ons were made between measurements o f  heat production, over the 
las t  1 0  min of a minimum of 20 min steady state for a particular 
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activity , compared wlth an adj acent period , either preceding or follow­

ing , in another activity. 

TABlE 6. 3 Expt 2 .  Method of analysing the energy cost 

of various aetivitic s 

C omparisons No . of observations 
f-· 

L V RL 1/3 
RL V L 51 

s V SE 7 

SE V s 9 

SR V s 2 

s V T 9 .L 

SR V IR 1 

L = Lying 
s = Sta'1ding 

R = Ruminating 

E -- Eating 

Thus there were a total of 1 01 observati ons for ruminating ,  1 6  

for eating; and 1 0  for standing . The data for standi ng and eating 

we:re unfortunately such that no comparisons \·Jere available to assess 

the effects of shearing on the energy cost of the se activitie s .  

6 . 3  

6 . 3 . 1  

RESULTS 

Expt 1 :  The aim of maintaining food intake constant within 

sheep was not ah:ays s1.1ccessful und some variati on occurred. In 
particular, lo'' intake s were observed with sheep D on the third day of 

Period 1 , with an intake of 1 630 kcal compared with the mean for the 

period of 229 5 kcal. DE/24 h. , and \-rith sheep B on the first  dey of 

Period. 1 of 1 783 kcal , compared ·Hi th a mean of 2941 kcal DE/24 h. for 

the period . The low intake s were associated with low heat productions 

and the values for the se days were omitted for sheep D and B, in 

arriving at the difference in heat production bet��en Periods 1 and 2 

shown in Table 6 . 4 .  Dige stible energy intakes, per unit of metabolic 

weight, of the sheep receiving dried grass decreased as the experiment 



rAB LE 6 .4  Expt 1 .  Mean d ige stible energy intake , heat production , l iv e  we ight change and n itrogen 

bal��ce of shorn and unshorn sheep fed dried g ra s s  or ground hay 

G round hay Dried gras s 

He asurement Shorn Uns horn Shorn Unshorn 

Sheep N o .  D 9 c 3 A 2 B 1 0  

Apparent diges tibility P1 53 .3 52 . 5  51 . 1 53 . 8  73 . 5  72 . 3 74.3 74. 8  
o f  en�rgy ( % )  P2 54- 5  49 . 8  50. 8 54. 6  74. 8  71 . 2  74. 0  73 . 5  

DE jntake 
( kcal/24 h. ) 235o!-1 1 1  2381:!:.53 2241.:!:44 271 1.:!:35  3841.:!:1 3 5  348rf:-37 2884.::.1 64 387:r!58 
DE intake 
( kcal/kg 0• 75/24 h. ) 1 6rf:-8 1 7rf:-4 1 3�3 1 5�5 21 �6 231.::.5 1 TM 23�5 

Heat .12roduction 

Mean Period 1 1 660 1 667 1 640 1 9 56 21 78 2224 1 791 2321 
i1ax imum Period 2 1 970 1 924 1 745 1 696 2740 2769 1 9o6 2399 
D ifferenc e  31 0  257 1 05 -260 562 545 1 1 5 78 
Mean fleece-free 

l ive weight 
Period 1 ( kg ) 34 .6  32 . 4  36.8  39 .9 42 .3  34 . 6  38. 7 37 .9  
Live we ight c hange(�d a� ) 

-4&!56 -24�2 + 1 Y:1 3 8�23 1 1 1.:!:28 9&!-50 Whole experiment -8 -40 1 51.:!:49 
Period 1 -93 -9 +43 -3 1 08 1 51 94 1 05 
Period 2 -28 -30  -29 +20 77 95  1 00 1 70  
Fleece weight (kg} 3 .9 4 . 1  5 . 0  5 .6 
Nitroge n balance 
N intake (g}24 h . ) P1 1 5 .2 1 7. 6  1 5 .9 1 7 .6  34. 0  31 . 6  26 . 1  34.9 

P2 1 8 .3 1 8 .6  14 .3  19 . 1 34. 8 32 .3 26 . 4  34 . 8  
N retained ( g/24 h. ) P1 0 1 . 1  0 . 1  1 . 3 6 . 1  6 . 1  4. 3 6 . 6  

P2 1 .8  1 . 0  -.9 1 . 8 6 .4 3 . 5  5 . 6  5 .9 
--

P1 = Period 1 P2 = Period 2 

-" -" 
\Jl 
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progressed and the an:i.mals gained weight. This did not occur with the 

sheep fed ground hay . 

The max.i.murn heat production of the shorn sheep occurred on the 

first day followi ng sl11::aring , with the exception of sheep 2 ,  where the 

maximum occurred on the eight� day . C hang e s  in heat prod'J.ct1on as the 

expe riment progres sed are sho-...r:-1 in Fig .  6 . 1 . For sheep receiving dri.ad 

gras s ,  heat production \oras significa..11tly higher ( P < 0. 05 )  than pre­

shearing value s for days 1 ,  8 and 1 6 follm-li .. "lg sheari ng and had 

returned to pre-shearing value s by day 24. \-Jith the sheep rec e iving 
hay , heat production •,.,ras significantly hi5her on days 1 and 8 following 

shearing ( P <  0 .  05 and P <  0. 01 re spectively ), and there was no significant 
di fference between pre-shcaring he at production and heat production on 

day 1 6 .  Ha:xirnt.H:t i ncreases in he at. product:Lon above the pre-shearing 
value s i-Iere 1 8 . 7  and 1 5 . 4% for the two sheep receiving ground hay , and 
2 5 . 8  and 24 .3% for the sheep rec e iving dried grass .  There were no 

s ignificant d i:'ference s in heat production betHeen days for the unshorn 
sheep receiving e ither dried grass or gr::>und hay , although the heat 

production of sheep C and B was sor.leHhat hi5her on day 1 in Period 2 ,  

compared with other days . \-Jith both these sheep, DE intake was 200 

kcal higher at this time , which differenc e probably ac coun�d for their 

increase in heat production. 

The mean heat produc t i on of the sheep ( mean for ?eriod 1 and 2 )  

receiving dried grass of 2()18 kcal/24 h.  was s ignificantly higher 

( P<  0. 01 ) than the value of 1 731 .:!: 63 kcal/24 h. of the sheep rece iving 

ground hay . Difference s  in heat product ion bet\.men she ep \o!ithin foods 

were also apparent , and reflected differenc e s  in DE intakes beti.men the 
shee p. There was a highly s ignificant · relati onship ( P <  0 . 01 ) betiveen 
DE intake (x ,  mcal/24 h. ) and heat production (y,  mcal/24 h. ) for the 

preliminary peri od  (y = 0 . 84 + ( 0 .38 .:!: 0. 03 )  x, sy . x .:!: 0. 01 meal , 

r = 0.94, 22 df ) . The regression equation was us ed t0 compare results 

of the present experiment with those for minimun heat production of 

sheep receiving dried grass ,  as determined by Graham, WaL�man , Bl�xter 

& Armstrong ( 1 959 )  and are presented in Tabl <:l 6 . 5 .  The e stimated DE 

L"'ltakes appearing in Table 6 . 5  were derived from the :-1E intakes they 

obtained, using a conversi on factor of 0 . 82 ( Blaxte r ,  Clapperton & 
Martin , 1 966 ) .  The tHo sets of data shovT close agreement and provide 

evidence that the she ep over the pre-shearing period , in the present 

experime nt , were probably at minimun heat production for their particular 

feeding level . 
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TABIE 6 . 5  A compari son of heat product ion obtained in 

Expt 1 with the heat produc tion of sheep 

determi.."'led by Graham et al ( ·1 9 59 )  

Estimated DE Graham et al Heat production( kcal/24 
intake ( kcal/24 h. ) ( 1 9 59 ) Expt 1 : Derived from 

regre::> sion equation 

1 524 1 339 1 41 7  

281 0 2005 1 9 08 

41 34 24liJ 241 1 

1 495 1 464 1 408 

2895 201 8 1 926 

3764 256 0 2270 

1 1 8  

h. ) 

All sheep receiving dried grass \-Jere in positive nitrogen balanc e 
( Table 6 . 4 ), but some of the sheep receiving ground hay were in negati·.re 
balance.  There was no  apparent e ffec t of  shearing on nitrogen retention . 

The sheep receiving dried g rass increased in weight throughout the 

experiment, whereas liveweights of the sheep receiv:i..P.g ground hay 

decreased . There was no evidence , with the sheep fed ground hay, of an 

increase in l ive  \-leight loss when the sheep were shorn. With the sheep 

receiving dried gras s ,  there \·Tas evidence of a reduced livewe.ight gain 

after shearine as shovm by the re sult for Period 1 and 2 given in Table 

6. 4. The se rather inc onclusive re sults reflect L�accurac ies in the 

measurement of live weieht , plus insufficient replication over too 

short a period. 

6 . 3 . 2  Expt 2 :  With the exception of sheep G ,  variation in DE intake 

bet\.Je en days was lower than in Expt 1 .  With sheep G much of the 

variation arose t hrough a low intake of 1 365 kcal DE on the 1 2th day of 

Period 2 ,  compared with the me an of 1 778 kcal over Periods 1 and 2 .  

Increase s in he at production following shearing were observed ( see 

Table 6 . 6 ) ,  although they appeared to be less than those obtained in 

Expt 1 .  Maximum Lncreases were 1 3% for the sheep receiving ground hay 

and 21 % for those receiving dried grass, and confirmed the greater 

increase noted with sheep receiving dried grass in Expt 1 .  The regression 

equation relating DE intake and heat production derived from the data 

.from Period 1 in Expt 1 was used to compare predic ted and actual heat 
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TABLE 6 .6  1'xpt 2 .  Mean digestible energy intake , heat production, 

times spent standing , eating and ruminating and live 
weight, live weight chang e s  and fleece weights of shorn 
and tmshorn sheep fed dried grass or ground hay 

Ground 
Measurements Shorn 

Sheep No. 3 
DE intake 

26([) .:!: 5 (kcal/24 h. ) 
( kcal/kg 0• 75/24 h. ) 1 60 .:!: 1 
Heat lroduction 
( kcal .24 h. ) 
Me�n Period 1 1 889 
Maximwn Period 2 21 36 
Difference 247 
Hean fleece-free 
live weight 
Period 1 (kg) 41 .4 
Time s12ent 
standing �h. 2 
Hean Period 1 4.9 
At time of maximum 
heat production 1 6 . 2  
Change in energy 
cost of standing 1 50 

(kcal ) 
Time SQent eating�h. ) 
Mean Period 1 3 . 0 
At time of maximum 
heat production 1 . 8 
Change in energy 
cost of eating - 46 

( kcal ) 
lime s12ent ruminatigg�h. ) 
Mean Period 1 7 . 7 
At time of maximum 
heat production 6 . 2  
Change in energy 
cost of ruminating - 1 6  

( kcal ) 
Total change in 
cost of activities 88 

( kcal ) 
Live weight change 
End Period 1 to end 
Period 2 ( g/24 h. ) -1 02 
Fleece weights�kg) 5 . 40 

hay 
Unshorn 

c 

1 778 ! 1 1 0 I 

1 21 .:!: 7 

1 757 
1 722 
- 35  

36 .9 

4.9 

4. 2 

- 8 

2 .8  

2 .8  

0 

5 .9  

6 .8  

9 

1 

- 51 
5 . 35  

Dried 
Shorn 

B 

+ 3086 - 21 
1 74 .:!:  2 

1 850 
2239 
389 

46 . 5  

4. 5 

21 . 0  

246 

4. 0 

2 . 5  

- 65 

5 .4 

3 .9 

- 1 8  

1 63 

43 
6 . 1 7 

grass 
Unshorn 

1 0  

3920 .:!: 25 
21 1 .:!: 2 

231 3 .:!: 48 
2262 
- 51 

48 .2 

9 . 1 

7 .8  

- 20 

2 . 6  

2 . 1  

- 22 

8.3  

6 .4 

- 24 

- 66 

1 05 
5 .94 
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_ productions obtained :in Period 1 of Expt 2 .  Results are pre sented in 

Table 6. 7 indicating that the heat productions in the t\.JO experiment s 

'vlere similar fo:::- the part icular leve l s of DE intake . 

The heat, production of the sheep and their activity , divided into 

3 h. periods ,  are illustrated in Figs .  6 . 2 ,  6 . 3 ,  6 . 4  and 6 . 5 .  Period 

1 is the mean of t1.,ro days , Period 2 (  a )  is the mean of days 1 and 8 
post-shearing and Period 2 (  b )  is the mean of dn.ys 1 2 ,  1 8  and 32 post-

shearine . 

TABLE 6 .  7 A comparison of heat product:Lon of sheep betHe en 

E..-xpt 1 and Expt 2 ,  determined during Period 1 in 
each case 

Heat production (kcal/24 h . ) 

DE intake Re sults Re sults calculated from 
( kcal/24 h. ) Expt 2 regression equation, Expt 1 

3932 231 3 2333 

3027 1 850 1 99 0  

2607 1 888 1 831 

2007 1 757 1 603 

The most outstanding change in behaviour Has the large increase in 
the · time spent standing when the sheep were shorn. The time spent 

sta�d ing was at a maxi�lm on days 1 and 1 0  fo llowing shearing , but was 

st.ill elevated 3 2  days after shearing . There were no differenc es between 

the unshorn sheep rec e iving dried grass an.d those receiving ground bay 

in the time spent eating and rwn:i_nating . With both foods, the sheep 

reduced the ti.rne spent eating follm,ring shearing . Li'Tlited evide nc e  

indic ated that ruminating time waa reduc ed following shearing , although 

the unshorn she ep 1 0  also reduc e d  its rumbating time in Period 2 .  

( Table 6 . 6  ) .  Exarn.bation o f  Figs .  6 . 2 ,  6 .3 , 6 • .  � and 6 .  5 shows that 

diurnal c ha.rtges in heat production were evident with lowest values 

occurrL'1g between approximately 21 00 and 0700 h. Highe st values for 

heat production coincided with t he combined activitie s of standing and 

e ating . 

The energy costs of various activitie s have been summarised in 

Table 6 .8 along with results obtained by other workers .  A large nwnber 

of observati ons on the energy cost o f  rumination were obtained in the 
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pre sent experi'Uent a.11d. c omparisom> Here available bet•,reen unshorn and 

shorn sheep.  HO\ .. Jever, no di ffere nce s  were observed in the energy c o s t  

o f  rumination between sh orn and tmshorn she e p. The number of c ompari­

sons a·milable by HhicL the energy costs of eating and sta;:1d ing were 

e st:! mated were l imited to both the shorn she ep in the po st-shearing 

period , thus e li 11inatine, any c ompari so n s  vrith the cost of the se 

activities Hith the unshorn sheep . 

TADI.E 6 .8  

Activity 
(kc al/h ./kg 

e ating 

ru.njna ting 

stand bg 

The energy c o s t s  of various ac tivities of sheep 

from the data obtained in Expt 2 a..11d i..."l 
compari son with othe r re sults 

L .  \>l . ) Graham( 1 964 ) Ustj anzew( 1 9 1 1 ) Pre s ent experiment 
-

+ 
0 . 54 - 0. 05 

+ 
0 . 77 - 0 . 02 

+ 
0 . 93 - 0 . 05 

0 . 24 .: o .  03 0 . 21+ 0 . 26 ..:!: o. 01 
+ 

0 .34 - o.  02 
+ 

0 .32 - 0. 03 

There was a suggestion that the energy expenditur e of eating 
varied , depending on \�hether the compari son of eating was made with 

standli1g , preceding or follo�ing the period of eating , i . e .  S v SE 
or SE v S . Thus v.'i th sheep B ,  S v SE VIas 0 .96 kcal/kg UJ/h. ( 4  
observations ) , co mpared with SE v S  o f  0 . 77 kcal ( 3  observations ) . 

With sheep 3 the differenc e s  between t he two methods of measureme nt 

were muc h les s ,  i . e .  1 . 01 kcal/kg W/h.  (3 observation s ) and 0 . 96 kcal 

(6  observati ons ) for S v SE and SE v S respectively . 

The mean energy costs of the various act ivit ie s, obtained in the 

pre s ent experiment, were used to c al c ul ate chang e s in energy expenditure 

assoc iated with c h�11ge s  in activity of t he sheep between Periods 1 and 

2 . These change s, together with the net change in energy expenditure 

are swnmar ised in Table 6 .  6 ,  which shov:s that whilst the time spent 

e ating and ru11inating decreased following sheariP� , the increase in the 

time spent sta�ding was such to have c ontributed substantially to an 
increase in energy expenditur e .  

The rate of l ive weight l o s s  was greater with the shorn she ep 

receiving gromlli hay, de s pite the higher intake of this ani�al compared 

with the unshorn sheep. The live weight gain of t he shorn sheep receiv·­

ing the dried gras s VIas l e s s  than the unshorn sheep but its intake was 
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also le ss . Live �e ight gain per unit of DE intake ( kcal/kg0• 75 ) �as 

0. 25 and 0 .49 g/V+ h. for the shorn and unshorn sheep rec e iving dried 

grass respectively. 

D ISC USSION 

The increases in heat production �hen sheep viere shorn in Expt 1 

��ounted to a maximwn of 553 kcal ( 25% ) for the sheep rece iving dried 

grass, and a maximum of 283 kcal ( 1 7fo )  for those receiving ground hay . 

The se increases are considerably beJ.o· . ..r the maximum increase in fasting 

heat producti on of 44% obtained by Farrell & Corbett ( 1 970 ) when 

meri:-10 sheep �ere shorn . Ho�ever conditions in the present experiment 

�ere not comparable with those of Farrell & C orbe tt �ho measured 

fasting heat production soon after she ep �ere taken fro� pasture . 

The increase s in heat producti on �ere al so le s s than those observed 

by Armstrong , Blaxter , Gra�am & Hainman ( 1 9 59 )  vJhen sheep �ere closely 

clipped to g ive a fleece length of 0 . 1  cm.  They fed their sheep dried 

grass at three levels ,  600 , 1 200 a.TJ.d 1 800 g W1/ day, and taking into 

ac cou.TJ.t the lo•..rer dige stibility of the ir dried grass , the levels used 

in the pre sent experiment corre sponded to their high level for the 

sheep fed dried gras s, and to their mediwn level for those receiving 

grounn hay.  At the ir high level of feeding , heat produc tion increased 

by 8 - 9 00 kcal/24 h. ,  and at the med ium level the increase �as over 

1 1 00 kcal/24 h. at an environmental temperature of 1 3 °C .  They al so 

found that the environ�ental temperature corre sponding to mini�um heat 

production was 33°C for the mediwn le vel a.TJ.d 24 - 27°C for the high 

level of feeding. The present re sults therefore differ on two counts : 
( 1 ) the increase in heat product ion following shearing �as l e s s  a.TJ.d ( 2 )  

the increase in heat production vms greater �ith the sheep rece1vlllg 

dried grass than with those receiving ground hay,  a reverse of the 

re sult obtained by Armstrong , Blaxte r ,  Graham & Wainma� ( 1 9 59 ) ,  �here 

the lowest levels of feeding re sulted in the greate st increase in heat 

productionJ at a given environmental temperature. However the ir results 

are not strictly co�parable , as the variation in level of intake was 

obtained by varying the a�ount of the same food,  whereas in the present 

experiment two foods differing widely in apparent digestibility_ were 

used . The sheep in the present expe riment �ere not clipped as closely 

as tho3e of Armstrong , Blaxter, Graham & Wainman ( 1 9 59 ) ( 0. 2  cm as 
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against 0 . 1  cm ) ,  but it is  unlikely that this vmuld have caused all 

the difference betHeen the present work and those of the above workers. 

The total insulation of the sheep consists of the insulation of the 

body tissues ,  insulation of the air-fleece interface and insulation of 

the fleece (Joyce ,  1 968 ) .  With newly shorn sheep , the contribution of 

fleece insulation to total insulation is small and an increase in 

fleece length from 0 . 1  to 0. 2 cm would increase total insulation by 

approximately 4 - 5% . 

The observations of Farrell , Leng & Corbett ( 1 972 ) that the increase 

in heat production Hhen sheep were shorn varied with the body condition 

of the animals , points to a possible source of variation between the 

results of Armstrong , Blaxter, Graham & Wali1man ( 1 9 59 )  and those of the 

present experi�ent . Farrell , Leng & C orbett ( 1 972 ) observed that the 

critical temperature for a well-nourished sheep ( live weight 36 kg ) 

after shearing \-Jas about 27°C ,  whereas for an under-nourished sheep 

(live weight 25 kg ) ,  the critical te:nperature was about 38°C .  They 

I 2 0 calculated that heat production increased by 30 kcal m for each 1 C 

decrease in ambient temperature below the critical for the well­

nourished sheep , and by 43 kcal/m2 for an under-nourished sheep . On 
this basis , the increase in heat production following shearing , at an 

ambient temperature of 1 3°C ,  would have been approximately 420 kcal 
and 900 kcal/24 h. for the well-nourished and under-nourished sheep 

re spectively . \o,Thil st the above results obtained with the well­

nourished sheep are much closer to the results reported in the present 

experiment for the sheep receiving dried gras s ,  they do little to 

support the results obtained with the sheep receiving ground hay , which 

barely maintained their live weights and could have been considered to 

be under-nourished compared with the sheep receiving dried grass .  

From the work of  Farrell, Leng & C orbett ( 1 972 ) ,  a greater increase 

in heat production than that observed , might therefore have been 

expected , when the sheep receiving ground hay were shorn. The sheep 

of Armstrong , Blaxter, Graham & Wainman ( 1 9 59 )  were exposed to a 

particular temperature for only 7 days , whereas the sheep in the present 

experiment were kept at an ambient temperature of 1 3°C for over 60 days 

prior to shearing , althougr1 it is difficult to see how this would have 

affec ted the re sults obtained . 

A feature of the present experiment was the rapid return of heat 
production to pre-shearing values ,  which does not agree with the 
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obs ervations of Farrell & C orbett ( 1 9 70 ) ,  who noted that fasting heat 

production remained el evated for a long period , and did not return to 

pre-shearjng l evel s  until up to 1 33 days after shearing . Hm-1ever the 

pre sent re sults are .supported to some extent by those of Wodz icka­

TomaszeHska ( 1 963 ) ,  who ob served a rapid in crease and decl ine in heart 

rate when she ep \.Jere shorn ; with value s return ing to pre-shearing 

l evel s wi thin 1 5  to 1 6  days after shearing . 

A poss ible source of variation between experiment s could arise 

through the us e of an imals of d ifferent age s  and breeds . Farrell & 

Corbett ( 1 970 )  and Farrell , Lenr, & C orbett ( 1 972 )  us ed adult merino 

ewe s  and vlethers , and Armstrong , Blaxter, G raham & wainman ( 1 959 ) used 

adult Halfbred x Down \..rethers , whereas immature Romney Hethers were 

used in the pre sent experiment. Larg e differenc e s  in tissue insulation 

between bre ed s  were ob served by Joyc e ( 1 968 ) ,  with Cheviot sheep 

having approximately twice the tis sue insulation value s of DO\m. type 

bre ed s .  Ho data were available for Romneys howeve r ,  but the observations 

do e stabl i sh that breed differenc e s  exist . 

The energy c ost of ruminating agre es very closely \.Jith values 

obtained by Graham ( 1 964 ) ,  and Ustj anz ew ( 1 91 1  ) , c ited by Graham ( 1 964 ) .  

There was also g ood agreement for the energy expenditure of standing , 

between the re sults obtained in the pre sent experiment and those of 

G raham ( 1 964 ) .  Graham ( 1 966 ) stated that there was evidence ( unpub­

lished ) to show that the energy cost of standing may be l e s s  for thin 

shorn sheep. No evidence was obtained in the present expe riment to 

support this statemen t ,  as the energy expenditure of stand ing was 

obtained on1y with sheep after they had been shorn . Blaxter & Joyc e 

( 1 963 ) obtained no statistic ally significant inc rease in energy 

expenditure with sheep stand ing , compared -v1i t h  lying . Their re sults 

were obta.ined with tracheotomized she ep. The energy expenditure of 

standing of sheep , determined by vJeb ster & Valks ( 1 9 66 )  was als o  

c onsid erably loHer ( 0 . 1 2 kcal/kg Ul/h. ) than the values obtained in 
the pre sent experiment . No explanati on c an be offered for the s e  very 

l ow value s , compared with the value s obtained in the pre s ent experime nt, 

and those of Graham ( 1 964) . 

The energy expenditure of eating was considerably above the 

value determined by Graham ( 1 964 ) ,  but not greatly above that of 

Ustj an z ew ( 1 91 1 ) or of the value of 0.83 kcal/kg LW/h .  determined by 
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Webster & Hays ( 1 968 ) .  It is po s s ible . that the value s for the energy 

expenditure of eating in the pre sent experiment '\.Jere some-vrhat inflated 

in that 9 out of the 1 6  observations \·.re re made \-.ri th the period of 

standing only ,  following the period of standing and eating . Neverthe­

l e s s  the evidence shoHs that there is cons iderable energy expend iture 

involved in the act of eating and it doe s  not support the statement 

by the Agricultural Re search C ouncil ( 1 9 6 5 ) that the c o st of graz ing 

which al so includes Halking , is small.  

Hutchinson & HcRae ( 1 969 ) noted that shorn sheep at pasture spent 

more time standing , and also that the rate of eating inc reased after 

shearing , both observati ons al so noted in the pre sent experiment . 

De spite the decrease in time spent eating following shearing , the 

increase in standing time was so substantial that it meant that an 

apprec iable proportion of the increase in heat produc ti on following 

shearing could be attributed to a change in behaviour. 

6 . 5  C ONC LUS I ON 

In most of the expe riment s studying the effects of shearing on 

voluntary food intake reported in the previous chapter s ,  the increas e s  

i n  intake d id not reach the leve l s  that might have been expec ted from 

the large increases in fasting heat production noted by Farrell & 

C orbett ( 1 970 ) or the cons iderable increase in heat production obtained 

by Armstrong , Blaxte r ,  Graham & Wainman ( 1 9 59 ), and Farrell ,  Leng & 
Corbett ( 1 9 72 � when sheep were shorn. There are a number of reasons 

why c hanges in intake do not fully coinpen sate for an increased energy 

expenditure following shearing . Some have been dem onstrated in the 

shearing experiments reported in the preceding C hapters , e . g .  the 

limitations imposed by the rate at which food particle s are removed 

from the reticul orumen , and the effec t  of body condition with a food of 

high d igestibility , suc h as dried gras s .  

In one experiment ( C hapter 5 )  it appeared that the maximum 

response of 1 040 kcal ME obtained wi th thin shorn sheep approached the 

increase s  in heat production obs erved by Armstrong , Blaxter, Graham 

& \�ainman ( 1 9 59 ) .  However the increase in intake was apparently 

reinforced by the thin c ondition of the animals, and it appeared that 

the increase due to the effects of shearing may have been clo ser to 

450 kcal ME/24 h. 



If the results in the present experiment represent a truer 

picture of the ex tent of the increase in heat production following 

shearing , under the conditions obtaininr., in the series of shearing 

experiments reported , i..hen the increases in intake observed in the se 

experiment s more nearly matched the increase in energy expenditure 

following shearing . 

The relationships bet\..reen the increase in food intake of sheep 

when they are shorn , and the increase in energy expenditure are 

discus sed i.'1 more detail in the follo\..ring chapter . 
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CHAPTER 7 

GENERAL DISCUSSION 

7 . 1  Introduction 

The main theme of the work reported in this the sis vJas concerned 

with factors c ontroll ing food intake . A series of experiments were 

al so conducted with the obj ective of studying various methods of 

measuring t he retention time of food re sidue s ,  because of the proj e cted 

intensive u se of this measure in the main experiments .  The re sults of 

this inve stigation have been reported in C hapter 2, and as they fall 

outside the main theme of the work , detai l s  vQll not be d iscus sed 

further. 

A study was al so made of the change in heat production when sheep 

receiving dried grass or ground hay were shorn. This was carried out 

in an attempt to equate change s  in heat producti on with the changes in 

voluntary food intake observed when sheep were shorn in the earlier 

experiments .  In no c ase did the increase in the heat produc ti on of 

sheep following shearj.ng approach the increase in heat produc ti on of 

shorn sheep observed by Armstrong , Blaxter ,  Graham & vJainman ( 1 9 59 ) . 

Hov:ever evidence provided by Farrell ,  Leng & Corbett ( 1 972 )  shov1ed that 

the heat producti on of well nourished sheep increased to a l e sser extent 

folloVTing shearing , than that of und er-nourished sheep . 

In the following di scus sion , the c hange s  in intake observed in the 

experiments described in the preceding chapter will be related to 

chang e s  in heat production of sheep follov1ing shearing . An attempt 

will be made to synthe sise the re sults of the experiment s to show 

whether or not the hypothe se s in Se ction 1 . 5 were supported . 

7. 2  E stablishment o f  hypothe ses on the control of food intake 

This has been dealt with in detail in C hapter 1 , ( Section 1 . 5 )  

where physical and metabolic factors contro lling food intake in 

ruminant s were discussed , but a brief rec apitulation i s  relevant at 

this stage . 

With roughages in the long form, and of low apparent dige stibility ,  

vol��tary food intake appears to b e  l imited by the capacity of the 

alimentary tract ,  and the rate at which food residue s  are removed from 
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the tract,  or more particularly the reticulorQ�en ( se e  Section 1 . 3 . 4 ) .  

Conrad , Pratt & Hibbs ( 1 964 ) showed that physical factors were of maj or 

importance in controlling food intake when the DH dige stibility of the 

ration \vas lower than 67% .  Above this , metabolic factors assumed 

greater importance and food intake was reJ.ated to energy demand , so 

that as the intake of energy increases ,  the productive output of the 

animal increases .  On the basis of the above and the evidence reviewed 

in Chapter 1 ,  experiments were carried out to examine the following 

hypotheses : -

1 .  that an increase in energy expenditure , induced by shearing , would 

result in a minimal increase in the voluntary intake of sheep receiving 

diets of low apparent digestibility, and that the intake of sheep 

receiving food of high apparent dige stibility would increase to meet 

the increase in energy demand 

2 .  that a change in the physiological state of sheep, induced by 

shearing \-JOuld affect measurements ( such as retention time of food 

residues and amounts of digesta in the alimentary tract ) ,  concerned \vi th 

the physical control of vol��tary food intake . 

7. 3 The volunta�y i ntake of chopped hay ��d ground hay 

The hays used were all of low apparent digestibility, ( approximately 

48 to 53% ) although the hay used in Expt 1 ,  C hapter 4 was rather higher 

at 58% . There were consistent increases in the vol�tary intakes of the 

sheep receiving the hays , following shearing . Thus apparent digest­

ibility ,  retention time of food re sidue s ,  and physical factors in 
general are not the only factors controlling the intake of sheep receiv­

ing these diets . The considerable increases in voluntary intake 

occurred,  despite the lo\-1 apparent digestibility , where physical factors 

might have been expected to be dominant. The results therefore do not 

support the first hypothesis that an increase in energy expenditure 

would be associated with a minimal increase in the voluntary intake of 

foods of low apparent digestibility.  

The extent to which the increase in the intake of the hays met the 

increase in energy expenditure of sheep, followir.g shearing , will no\o/ be 

considered. A summary of the experiment s using chopped hay and ground hay, 

with the increases in ME following shearing , are given in Table 7. 1 , and 

are also compared with increases c alculated from the results provided by 

}linson & Ternouth ( 1 971 ) and Weston ( 1 970 ) .  The results of Minson & 
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Ternouth 1 s  second expe riment are included , as the mean ambient temper­

ature of 1 3°C was comparable to that used in the present experiment ,  

whereas their other experiment was c onduc ted at a mean ambient temper­

ature of 25°C .  �Je ston ( 1 9 70 )  carried out three experiment s with the 

ambient temperature s varying bet�een 6 and 1 6°C .  

TABIE 7 . 1  In crease s in e stimated ME intake following the 

shearing of sheep receiving hay , in various 

experime nts 
,_. .  

Experiments C rude Apparent Increase in 
Protein digestib- HE intake 

(% ) ility of over 4 weeks 
energy ( % )  folloHing 

shearing 
( kc al/24 h. ) 

Long hay 
C hapter 3 
intact 1 75 
fistulated 7 . 8  50 1 49 

C hapter 4 
Expt 1 ( b )  1 0 .4 59 6 79  

C hapter 4 
Expt 2 1 o . 2  53 235 

Ground hay 

Chapter 4 
Expt 2 9 . 2  49 385 

Expt 3 1 o .  0 52 393 

Long hay 

Minson & 
Ternouth ( 1 971 ) 

Expt 2 

Pa11gola 4 . 0 47 286 

Setaria 9 . 0  51 2.38 

Weston ( 1 970 ) 

Wheaten hay /+ • 7 57 21 5 

Ambient 
Temper-
ature 

1 J
°C 

1 3°C 

1 3°C 

1 J°C 

1 J°C 

1 3°C 

1 J°
C 

1 3°C 

6 - 1 6°c 

The increases in ME: intake , summarised in Table 7 . 1 , c an then be 

c ompared with the mean increase s in heat producti on following shearing , 

observed in the experLnent s reported in C hapter 6 .  Table 7 . 2  summarises 

the re sults in terms of the net mean increase L11 heat production over 

24 days following shearing in Experiment 1 and over 1 8  days in ExperLnent 2 ,  



compared with the mean for the pre-sheari.'lg period . 

TABLE 7. 2 Difference in heat production betHeen Period 1 and 2 

( Period 2 over 24 days in Expt 1 , and 1 8  days in 

Expt 2 following shearing ) for shorn a�d Q�shorn 

sheep, receiving dried grass or ground hay 

Experi- Ground hay Dried grass 
ments ( kcal/24 h. ) ( kcal/24 h. ) 

ExQt 1 

Shorn 98 332 

Unshorn -96 67 

Net 1 94 265 

ExQt 2 

Shorn 91 1 91 

Unshorn -58 -92 

Net 1 49 283 

1 34 

Thus in Expt 1 the mean net increase in heat production when the 

sheep receiving chopped hay \-Jere shorn , was 1 94 kcal/24 h. The increase 1 
in ME intake of the two groups of sheep receiving the low protein chcppe1 
hay (Chapter 3 )  scarcely met the expected increase in heat production , 

particularly as the net availability of >lE would at the most be 9 Cf/r,  
(Graharn, \-Jainrnan ,  Blaxt.er & Armstrong , 1 9 59 )  and could well be lower. 

The .inability of the sheep receiv.ing the l0\·1 protein hay to increase 

volQ�tary intake sufficiently to meet the increased energy expenditure 

resulted in an increase in the rate of live weight los s after shearing . 

In contrast to this result , the increment of 1� following shearing of 

the chopped hay of higher crude protein content ( Expt 2, Chapter 4 ) ,  

more nearly met the increase in energy expenditur e .  The large increase 

in ME intake, observed when the sheep receiving chopped hay in Expt 1 ( b )  

were shorn may have been associated with the higher apparent digestibil­

ity of this hay c ompared with the other hays ,  but limited reliance can 

be placed on this result as only two sheep \oiere used , and there were no 

unshorn control a�imals .  

With the ground hay used in Expt 2 ,  Chapter 4, the protein content 

and apparent dige stibility were not greatly different from the chopped 

hay used in the experiment described in Chapter 3 ,  yet the increase in 
ME intake following shearing was considerably greater, and on the basis 
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o f  the re sults obtained i n  C hapter 6 ,  would more t han c ompensate for 
the increase in energy expenditure . An inc reased live weight gain 
might have been expe cted as a re sult , but there were no s ignificant 
chang e s  in live weight gains after the sheep were shorn . This lack of 
a pos itive re sult may have been a refl ection of the inaccuracies 
inherent in live weight gain as a measurement, and the small number of 

animals used . The inc rease in the ME intake of sheep rec eiving the 
ground hay used in Expt 3 ,  Chapter 4 was also s imilar t o  that observed 
in Expt 2. In Expt .3 the l ive weight gains of the sheep were higher 
following shearing , ind icating that the increase in intake had more than 
c ompensated for the increase in energy expenditure . 

The extent of the increase in voluntary intake of the she ep rec e iv­
ing chopped hay in the pre sent expe riment s agree s  well with the increase s 
observed by Hinson & Ternouth ( 1 971 ) and Weston ( 1 9 70 ) .  The latter 
worker noted an increase in the rate of live weight los s of she ep follow­
ing she aring in expe riments c arried out at th e lowe st ambient tempe rature 
(6  to 7°C ) , but live Height g aj_n s  Here m�intained following shearing in 
a s e c ond experimen t ,  where arnbie!'lt temperature s  were highe r ( minimu:n 
8 to 9°C and maximum 1 7  to 1 9°C ) . Hinson & Ternouth ( 1 9 71 ) observed 
that live weight change s were similar for shorn a�d unshorn sheep 
rec e iving hay. Their data sugge sted that the inc reased energy expendi­
ture of the shorn sheep were be ing met by increase s in energy intake 
s imilar to tho s e  obtained in the pre s ent series of experL�ents . The 
above evidence , together with that obtained in the pre sent intake 
experiments , sugge st s  that the heat produc tion of the s he ep following 
shearing did not inc rease to the extent observed by Arrnstrong , Blaxter ,  
Graham & Wainman ( 1 959 ) and Farrell , Leng & C orbett ( 1 9 72 )  but may have 
been clo ser to that observed in the experiments reported in Chapter 6.  

Thus an important as sumption in this d iscus sion, is that the 
increase in heat production observed in the· two experiments reported in 
C hapter 6 was a true repre sentation of t he increase in e nergy expenditure 
occurring , When sheep were shorn , in the series of intake experiments .  
Evidence obtained in the preceding Chapter s  supported the second 
hypothesis ( see S ec ti on 1 . 5 ) ,  in that changes occurred in measurements 
associated with the physical control of food intake , following shearing . 
An increase in the amount of DM in the reticulor�nen ,  and the tract 
c audal to the reticulorumen , was ob served with the sheep rec e iving chopped 
hay and ground hay re spe ctively , following shearing ( C hapter 3 and 4 ) .  
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Deplet ion of abdominal fat would pe-rrn.:i.t a greater fil l of the 

alimentary organs , but is an unlikely expl �w.tion for the results 

obtained.  It is  considered mor e likely that the ev idence supported the 

hypothe sis proposed by Egan ( 1 970 ) ,  that mechanisms exlst which override 

fill or permit the re setting of the fill. mec hanism at a new higher level . 

It is evident that the increased energy demand foll m.Jing shearing mus t 

have invoked a strong pos itive ch��ge in the set point affecting the 

reference input ( se e  Se cti on 1 .3 .6 )  to allow an increase in the intake 

of a food of low DE c oncentrati on, where physical factors controlling 

intake appear to be dominant . 

other changes in measurements , associated with the control of 

intake by physical means , occurred following shearing , although no 

evidence was provided concerning cause and e ffe ct relati onships . The 

mean retention tDne of food residues decreased in many of the experiments.  

This would probably result in a less  than pro portionate increase in 

alimentary tract fill , with an increase jn intake . Evidence was also 

provided ( Expt 3 and 4, Chapter 4)  that hypertrophy of the gut , measured 

as an increase in the weight of the alimentary tract or its various 

organ s ,  occurred \.Jhen sheep \vere shorn . This would mean that extra 

inge sta could be acc ormnodated �o1ithout re sulting in a commensurate 

increase in gut distensi on . Hypertrophy of the alimentary organs would 

not occur immed iately , and this delay would help to explain the relative­

ly slow inc rease in voluntary food intake following shearing , de spite 

the rapid increase in heat production ( se e  C hapter 6 ) .  The various 

changes that occurred do not necessarily mean that physical factor s 

limiting intake were removed. T he pre sence of physical factors was 

indicated by the significant negative relationship between the voluntary 

intake of sheep receiving the hays and retention time , as well as the 

positive relationship between vo llmtary intake and weight of the alL�en­

tary org an s .  

Following shearing , the increase in voluntary intake o f  sheep 

receiving ground hay was greater than that of sheep rec eiving chopped 

hay : this is cons istent with the postulation that the rate of removal 

of DM from the reticulorumen L�po se s  a lDnitation on intake . The sheep 

. receiving ground hay were apparently able to increase their voluntary 

intake suffic iently to meet the increase L� energy demand following 

shearing , because of the removal of an important physical lL�itation .  
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In all experiment s ,  mean voluntaiJ' food intakes of the she ep were 

higher Hhen rec eiving the concentrate-oat husk mixture or the dried 

gras s c ompared with t he hay s .  The re sults are in agreement with the 

gene ral pos itive relationship between intake and d ige stibility noted 

by many workers ( Blaxter , ·wainman & 'vlilson , 1 961 ; Hinson, Harris ,  

Raymond & V�lford , 1 964 ) .  C ons iderable l ive weight gains were made by 

the sheep rec eiving the concentrate-oat husk mixture and the dried grass , 

although live weight gains were reduced in some of the experiments where 

decreases in b1take occurred �Qth unshorn control sheep re ceiving dried 

grass . 

The c oeffic ient of variati on for voluntary intake of sheep 

receiving the concentrate-oat husk mixtcre was high and the number of 

animal s used was insufficient t o  produce s ignificant differences .  Thus 

the effec t s  of shearing on the voluntary intake of this food were 

inconclusive . However a nwnber of the measurement s othe r than intak e ,  

which were obt"-ined with the concentrate-oat husk mixture , deserve 

c omment. The se will be discus sed in relation to the measur ements 

obtained with the chopped hay. Host of difference in apparent dig e s t­

ibility between the conc entrate-oat husk mixture and chopped hay 

oc curred in the rumen, with a mean apparent digestibility of t he DH 

of 50% and 3 0%  respectively. The low nitrogen content of the chopped 

hay probably re sul ted in a slower rate of microbial dige sti on of this 

diet (Blaxter ,  1 962 ) thus contri buting to a slower rate of removal 

from the reticuloru.rnen. It i s  probable that a considerable proportion 

of the d ifferences in intake between the hm food s arose through 

differenc es in the rate at which food particle s  were broken down by 

mas tication and mic robial digestion , and the rate at which m1 pas sed 

to the omasu�.  The considerably greater amount of digesta DM in the 

reticulorumen of the sheep rece iving the concentrate-oat husk mixture , 

compared with that of those rec eiving the ch opped hay ,  indic ated that 

reticulorumen DM fill itself may not be a c ontrollb)g factor l imiting 

voluntary intake. A critical fill may be set at levels determined by 

other factors , such as the wet weight of the contents , or the rate at 

which food particles are broken down and removed from the reticulorumen. 

Further support for this contention was provided by the eviden c e  

produced i n  Chapter 3.  De spite large differenc e s  i n  voluntary intake 

between the she e p  re c e iving the concentrate-oat husk mixture and that of 
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those rec e iving the chopped hay , the amount of m1 leaving the reticula­

rumen was s imilar in both diet s ,  before and after shearing . Unlike the 

cons istent increases in intake of shee p receiving hay when they v1ere 

shorn , changes in intake of sheep rece iving dried grass were often 

irregular . Thus in Expt 1 ( a ) ,  C hapter 3 ,  the intake of the sheep 

increased following shearing , whereas they decreased as the experiment 

progre s sed in Expt 1 ( b ) .  Hm�ever no great relianc e can be plac ed on 

the se re sults for the reasons explained in Chapter 3 .  

In Expt 2 ,  C hapter J ,  a decline in intake of both the shorn and 

unshorn sheep rec eiving dried grass was observed. With the shorn sheep,  

the mean rate of decline in � intake was 1 85 kcal/24 h .  and with the 

unshorn she ep it was 455 kcal/24 h. It could therefore be consid ered 

that shearing slowed the rate of decline to the extent of 270 kcal/24 h.  

On the basis of these observati ons , obtained vJith unshorn sheep , it was 

po stulated that the body condition of the sheep could affect the volun­

tary intake of dried grass , and affect the re sponse to shearing , so that 

a further experiment was conducted ( C hapter 5 )  to examine the effects of 

shearing fat and thin sheep on the voluntary intake of dr ied grass . 

There was good evidence that fat she ep increased their intake when they 

were shorn.  The mean increase vJas 3 04 kcal HE over the Hhole four we eks 

of the post-shearing period , and according to the increase in heat 

production swrunarised in Table 7 . 2  would pr obably have met the increase 

in energy expenditure when the sheep were shorn . 

The decline in intake of the fat unshorn sheep receiving the dried 

grass supported the results obtained with the unshorn sheep rec e iving 

dried grass in Expt 1 ( b )  and Expt 2 jn Chapter 4 .  The evidenc e obtained 

at slaughter indicated that physical re striction of the abdominal 

cavity by fat was probably not involved in this d ecrease in voluntary 

intake . The amount of DM in the reticulorumen and the total contents of 

the tract were also lowe st for the fat unshorn sheep compared vJith the 

fat shorn and thin shorn group s .  It was therefore considered that 

physical factors were probably unimportant in re stri cting the intake of 

dried gras s by the fat unshorn sheep , but that some mechanism such as 

that postulated by Kennedy ( 1 953 ) ,  whe re some compolli�d was released from 

fat depots in proportion to their size , may have been involved.  

Measurements assoc iated with the physical contro l of food intake 

varied betwe en shorn and unshorn sheep rece iving dried gras s ,  although 

the evidence was not as clear-cut as that obtained with the sheep 
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receiving hay. The reticulorumens were ·heavier and there was a greater 

amount of D:\1 in the reticul ort:men of the shorn she ep , than the un shorn 

sheep . Unlike the chopped hay or ground hay , :w evidence was obtained 

that retention time s of food re sidue s \-!ere reduc ed in the shorn, 

c ompared v1ith the unshorn sheep receiving dried gras s and unlike the 

hay , there we re no significant negative relationships between voluntary 

intake and retention t ime . 

The very large increase in the intake of dried grass of the thin 

shorn group appeared to re sult from the comb ined effects of shearing and 

real imentation and illustrated the considerable flexibility of the 

system controlling voluntary intake , by its ability to cope with a 

considerable inc rease in intake . It further indicated that energy demand 

was important in deter�ing the level of intake , and generally demonstrat­

ed the e ffect of metabolic c ontrol overriding physical control . 

C OHC LUSION 

The hypothe sis that the intake of foods of high apparent digest­

ibility would incre ase to meet the increase in energy expenditure , when 

sheep were s horn , received little support from the results . of experiments 

reported in Chapter 4 ( Expt 1 ( b )  and Expt 2 )  or from the results of 

Minson & Ternouth ( 1 9 71 ) with their lucerne hay , but received support 

from the results obtained with the fat shorn group of she ep rece iving 

dried grass ( C hapter 5 ) .  

The c onsistent inc rease in the intake of food s of lovl dige stib ility 

when sheep \.,re re shorn, observed in all experiments , did not support the 

hypothe sis than an increase in energy expenditure \�o uld re sult in a ·  

minimal increase in the intake of such food s .  It was apparent that the 

inc rease in intake when sheep >'�ere shorn \vas accommodated partly through 

a range of change s  in measurements as sociated with the physical c o ntrol 

of intake . The evidence obtained supported the contention of Egan 

. (  1 9 70 ) 

n that a complex of interacting physical and metabolic 

factors exi st in the control of food intake and that 

there is no simple switch-over from physical to 

metabolic control� . 

The main theme of this the sis was to study fac tors affecting 

voluntary food intake of sheep . The approach adopted was to alter the 

energy demand of the sheep by shearing , and to use the change as a 
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model to inve stigate relati onships between the DE concentrati on of diet s ,  

and voluntary intake . 

WhHs t  limited conclusions c an b e  drawn from the pre sent work , it 

is the writer ' s  belief t.hat worthwhile adv1:lil c e s  tm.:ards und erstanding 

factors controll ing voluntary intake c ould be made und e r  conditions 

where the energy d emand of an imal s varied widely. The subj ects for 

such a study c o uld be dry and lactating animals , at different stag e s  of 

lac t ation , fat and thin animal s ,  and an imal s subj ec ted to varying 

environmental temperatures .  As well as us ing diets with a wider range 

of DE conc en tration and physical form than used in the pre sen t study , 

chang e s  in the level s of metabolite s in the blood with c hang e s  in 

energy demand would need to be determined . The studies could als o  

inv ol ve the use o f  te chniques suc h  a s  the intravenous and intraruminal 

infusion of metab olites .  Such an approach would require considerably 

more re s ources than were used to complete the work reported in this 

thesis . 
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