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Two Fri- ,·,ian bull calves were sel ected f rom those born each 

:.,reek for six - ·eeks during March and April 1 975 . The twelve calves 

�'lere used i :1 n experiment to study the energy metabolism of young 

calve s when fed a mil k  and meal diet . 

1. All calves were reared on fresh whole milk wi th pelleted 

concentrate e::.vai lable ad lib . Between 21 and 42 days of age intake 

was adjusted so that 8ach animal received half of its dai ly all owance 

of ME from milk and half from meal . From each pair)one calf was 

assigned randomly to a high level, and i t s  pai r  mate conseqUently

to a low level of feeding. 

2. Energy and ni trogen balances ( seven days duration) were 

measured once for all pairs of calves and twice for the last three  

pai rs. 

3 .  Heat pro duction (MJ/day) was rel ated to livewei ght (kg )  by 

HP = . 200 1w·980 , and metaboli zable energy to liveweight by ME = 

.340 LW"922• 

4. The data for heat pro duction, metabolizable energy intak& 

and energy retenti on were in·.:erpreted to p;�ovi de estimates of 1 true 1 

net energy required for maintenance of 0.26 MJ/kg0•75 daily. 

5. The pooled  values for ME required for maint8nance were 0.37 
and 0.41 MJ ME/kg0•75 daily determined by simple and mul ti ple  regression 

techniques respec tively. The net efficiency of utilization of ME above 

maintenance was 0 . 63 determined by simple regression. 

6. Pooled values for the partial net effic iencies of utilization 

of ME for the synthesis  of pro tein and fat were 0 . 3 8 and 1 . 00 respec tively. 



7. :viE required above maintenance per kg of li  veweight gain 

was 1 6.5 3 and 12. 815 for the high and l ovi feeding levels respectively. 

The difference bet,.,een these val l;es was not signifi cant and the 

pooled value was 1 4. 89 MJ ME/kg l iveweight gain. 

8. Methane los ses accounted for less than 2% of GE . The 

metabolizabili ty ( fi,E/GE) of the combined diet was 78% and DE/ME 

0 .  94. 

9o Obl igatory losses of N were 0 . 1 9  gN/d/kg0•75 , N maintenance 

(N  ) was 0 . 3 5 gN/kg0•75 daily, the digestibility was 81 %  and the m 
biological value 0 . 5). 
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1. 

CILAP'rER 1 

IN'PltODUC'riON 

The energ;.; requi rements of the pre-ruminant calf were reviewed 

b� Davey (1974), who drew attention to the considerable variation between 

th� estimates of various workers of the metaboli zable energy ( ME ) required 

for maint enanc e , energy costs ner unit l i veweight gain and efficiencies of 

1.:.ti l ization of JVIE above maintenance. Ilolmes and Davey (1976) subsequently 

confirmed the much lower esti mates of recent 1vorkers ; Vermorel, Bouvier, 

'rhivend and Toullec (1974); VanEs, Nijkarnp, Van 1..Veerden and Van Hellemond 

(;9G9) and Johnson and Elliot (1972a, b). Esti mates of the energy require

ments of rum inant calves have been studied by many workers including Neergaard 

(1374) and Blaxter, Clapperton and l:fainrnan (1966) and th�se estimates are 

consi derably higher for maintenance and energy costs per unit liveweight gain 

than for pre-rumina nt calves. 

However for calves fed on a diet of milk and concentrate little 

i:aforrnation is avai lable on t he est imates for mai ntenanc9, energy costs of 

liveweight gain or net efficiencies , The fo:::.lowing wor:�< was carried out for 

this reason ancl also to investigate whether tlte c hange i:·.1 efficiency from 

p1·e-ruminant to ruminant is a sudden one. 

The review of literature beg i ns with a brief outline of the anatom ical 

an; physiological development of the rumen. This describes variations in 

th, stages of rumen development, the chanc;es in the nature of the end-products 

of the rumen d i gestive process, the ability of the animal to absorb the end

products of digestion and the energy costs of digestion when compared to that 

of a pre-rurninant. Following this a hypothetical model which attempts to 

integrate facto:r·s controlling voluntary feed intake in the young caL is 

introduced. 8r"'lphasi s  is gi 7en in this Section to factors which modify intake 

which ultimately e f fect the energy and nitrogen balance of the animal. The 

final section covers briefly the importance of techniques used in estimating 



1 a. 

measurements of energy and nitrogen metabo lism in the young calf. 

Estimates of these measures, from reported studies, are presented 

at the conclusion of this Section. 



CHAPTER 2 

REVIEW OF LIT�R.ATURE 

I. ANATOMICAL AND PHYSIOLOGICAL DEVELOPMEifr 

OF THE RUJVJINANT CALF 

Introduction 

Although the calf begins l ife with i ts stomach already divided 

into the four compartments charac teris tic of the adult ruminant, the 

re la ti ve si zes o f  these are qui -:�e different from those in the mature 

animal . The ruminant i s  a sym:)iotic relationship between animal 

2. 

and micro organisms which evolved to enable the animal to live on high 

fibre di ets . The animal provides the rumen organisms with the 

following facili ties:  a large fermentation vessel, gathe ring and 

selection of substrate , maceration and mi xing of food, temperatu re 

c ontrol ,  pH control through the buffering action of saliva especially, 

provision of e xtra nutrients ;  ( e .g. urea and phosphates i n  the saliva 

o r  through the rumen wal l ) remo val of i riliibitory products and removal 

o f  indiges tible so lids.  

Mature ruminants are assumed to have the same basic  nutri tiona l  

requi rements f o r  energy, amino acids , vi te.mins , minerals and water 

as  do the simple stomached anima ls . T heir digestive juices , like all  

o ther animals ,  lack cellulases ::.tnd a diverse population o f  micro 

o rganisms located largely wi thin the rumeL and to a lesser e xtent in 

the caecum and c olon,  enables them to thrj_ve on fibrous plant feeds 

that are frequently deficient in some of  the ess ential amino acids 

and water soluble vitamins , 



3. 

Only a <,,nall proportion of d.ietary nu t:-ients survive the rnicro"!Jial 

:. �ti vi ty of the rumen. Dietary protein in-:::roduced to the rumen is 

largely hydrolyzed into amino acids, short chain fatty acids and 

.. ,mmonia. These u.0gradation products to&ether with 1i!PN compounds 

··f the feed and :saliv& are then resynthesized into bacterial and 

protozoal proteins. These rccor.stituted p�oteinsundergo normal 

,sastric digestion in the auomasum alon� wi t:1 liquid fed protein vlhi�..-n 

by-passed the rumen via the oesopha�eal ,;;ro .we and absorption may 

take place in the distal portions of the alimentary tract. Other 

rumen fermentation end products are volatile fatty acids (V.F.A.) 

and the various vitamins. The V.F.A's. are absorbed directly from 

the rumen and serve as the ma.jor source of energy in ruminants 

(Carrol and Hungate, 1954; Balch, 1958; Blaxter, 1962) . 

A11atomical Development 

The rumen in calves at birth is small undevelop ed and is tucLed 

away in the anterior-dorsal aspect of the abdominal cavity (Tamate, 

McGilliard, Jacobson anJ Getty, 1962; Sisson and Grossman, 1953) . 

Rumen volume varies from 0.':5 -> 1 . G 1., and represents approximately 

one third of the total stomach capacity ( \�arner, Flatt and Loosli, 1956; 

Tamate et al., 1962) . The rumen wall i:s thin and the papillae on its 

inner surface are short and undeveloped (Warner et al., 1956; Tamate 

et al., 1962) . The age &t which transitio� to the ruminant method of 

digestion occurs is largely dependent on the diet that a calf receives 

(�reston, 1963). Table 2.1,from Church (1970) outlining 

changes in rumen development of calves with age, fed the following diet 

(milk, concentrate, hay) demonstrates this lJOin t. 



TABLE 2. 1 Percentage of bov:ine s tomach tissue contributed 

by each compartment.  

Age in weeks S ource 

0 4 8 1 2  1 6  20-26 Becker & Arnold 
( 1 95 2) 

Reticula Rumen 38 5 2 60 64 64 64 Godfrey ( 1 96 1 ) 

4 .  

Omasum 1 3  1 2  1 3  1 4  22 25 Tamate e t  al. ( 1 962 )  

Abomasum 49 36 27 22 1 5 1 1  Warner e t  al. ( 1956 )  

The capaci ty o f  the reticulorumen and the total s tomach a t  1 2  

weeks was about twice  as large for calves fed milk , hay anC. grain 

as for those receiving only milk ( Tarua te e t  al . , 1 96 2) . The 

reticulorumen of milk fed animals a t  this age apart from being 

smaller. are thinner walled.and lack papillary development. I f  the 

die t  is confined to natural or artificial milk,all the s tomach 

compartme:J. ts grcnv in weight and size at the same rate as that of the 

whole  body ( Warner et al . , 1 956 ) . Under these conditions only the 

abomasum may be func tional. On the introduc tion of dry feeds the 

pattern of development is qui te di fferent. The abomasum continues 

to develop at the same rate as when only milk is �iven, but the 

o ther compartments grow more rapidly (Warner et  al., 1 956 ) . The 

presence of inert mass  such as shavings , sawdust or spong es in the 

reticulorumen has resul ted in an increased growth of rumen mus culature 

(Harrison et al . , 1 960 ) and capacity (Warner ,  1 96 1 ) compared w i th 

calves fed only milk. From reviewing seve ral s tudies Warner and 

Flat t  ( 1 964 )  concluded that the reticulorumen volume of calves on a 

hay grain ration reaches i ts adult proportions per kg. of inges ta 



fr·ee b·)dy weight by 12 to 16 weeks, but the omasum keeps growing 

( relative to body size � until c:.bout one year. 

Papillary Growth 

At birth reticulorumen papillae are less than 1mm in height 

but on the introduction of solid fe e d grow rapidly to their 

maximurr_ length ( Tamate et al., 1962; Tama-ce et al., 1964; vlc::-cer 

5. 

et al., 1956 ).  Inert materials such s s  sponges sawdust or sravincs 

as well as milk have failed to cause papillae elongation (Flatt et al., 

1958; Tamate et al., 1962). Brownless (1956) and Warner et al., 

( 1 956) observed a high degree of pL.tpill3.ry development in calves 

fed on high concentrate lovr :·ibre diets and suggested that the 

products of rumen fermenta ti•)n act as the primary stimuli for 

rumen development. This hy::>othesis has since been confirmed c:.nd 

the active principl e". id en ti:'ied as the VFA' s ( Fla tt, Warner :J.r:.d 

Loosli, 1959; Tam.�.te et al., 1962}.. Infusion studies of vcEtile 

fatty acid (V.F.A.) salts ( rsviewed Preston 1963) established �n 

order of effectiveness, buty��ate propionate acetate. The 

experiments of Ha:.::Tison, Warner , Sa>1der and Loosli ( 1960) further 

indicate a regres:3ion of rumen papi llaE in calves that were ch�.:-..nged. 

from a diet containint; hay and concentrates to o:1.e that was 

composed of milk Jnly, thus indicating that act�ve ferme�tation was 

essential for maintenance of rumen papj_llaeo A period of three 

weeks is sufficient for increased papi�_lar y development to occur 

in calveo transferred from a high roughage diet to one of all 

concentrates, and for atropLy of papil�ae if transferred from a 

high concl-T·trate diet to one of all hay ( Stobo e::t al . ,  1 966 ) .  



Compar i sons of high o r  low roughage di ets in the rearing pe riod 

f rom 4 n::onths to 2 years of age showed no effe c t  of the me thod of 

rearing on the abili ty of the heifers to dige s t  hay o r  mixe d  

ration s  o f  hay and conc ent rates ( Balch e t  al., 1 960) despi t e  

pos s ible differen c es in papillae leng th� 

Excess i ve papillary developmen t whj_ch may occur on highly 

fermen table low f ibre concen trates m ay lead to parakera tos i s, a 

condi t ion whe re papillae increas e in leng th,clump and become 

encru s ted wi th a kera tinized material whi ch may reduc e the i r  

absorp t�_ve effect iven e s s  (Bull e t  al., 1965; Garre t e t  al., 196 1) .  

Developmen t of rumen m i c roorganism popula tions 

R igh t f rom the f i rst days of life small quanti ties of milk 

pas s in�o the rumen and the appropriate subs trate microorganisms 

immed iately begin to develop ( Ziol e cki and B r iggs, 1 96 1 ) . Mann 

and Oxford (1 955) found the abomasum to support a large divers e 

population of lacto-bac illi whi ch may i nnoculate the rumen through 

back fl·JW. Lengi'lan and All en ( 1 959) wo:�king w i th milk fed calves 

repo r t ed bac teria numbers remaining low bu t these inc reas e d  when 

soli d feeds were given, (Bryan t and Small, 1 956 ) and those protozoa 

whi ch were pre s en t  a f t e r  milk alone die ts;di sappea red on ad. l ib. 

conc entrate feeding. Pro tozoa e s pecially the cili ates failed to 

effe c t ively e s t ablish unless contac t w&s made w i th o ther animal s 

(Bryan t and Small, 1 956 ) and even then only survived on mainly 

roughage die ts un til about 5 months of li f e  ( Eadie e t  al., 1 959) .  

6. 

An excellen t rev i ew o f  rumen protozoaldevelopment,clas s if i ca ti on,an d 

charac teri stics in the young ruminan t is presented by Barn e t t  and 

Reid ( 1 961 ) • Lac tobacilli numbers were enhanc ed under conc en trate 

f e e d ing bu t dimini shed under high levels of roughage feeding, and 



7. 

the inverse relationship be tween ciliates and lac tobacilli i s  

thought t o  b e  mainl y  due t o  rumen pi�. ( Eadie e t  al. , 1967). 

Since c ud i nnoculation from mature ani rr�als has been establi shed 

to  develop the adul t type rumen population in calves (Hibbs 

et al., 1953) numerous attempts have been made to see whether 

this re-sults in more rapi dly growing anim.-tls. Critical 

evaluation of the reported experimen ts indi cates that i t  is  not 

so much j_nnoculation as the type of  die t  given which governs the 

species of flora and fauna which appear in the rumen ( Preston, 

1958; Eadie et al., 1959) Nevertheless innoculation of one sort ---· 

or ano7.her i s  defini tely required for rumen microbial growth. 

Physio:!.ogi cal Development 

Befo re rumen development the effi ·�ient use of  liqui d food depends 

on whesher the animal possesses the appropriate enzymes ( Radosti ts 

and Bell ,  1971 Revi ew), while the utjl ization of soli d  foods depends 

on the degree of development of the ruillen and i ts microorgani sms 

( Preston ,  1 963). By measuring cellulose digestion McCarthy and 

Kesley (1956) and Stewart (1962) found ruminal type fermentation 

to exi at at 3 weeks of age. Stewart ( 1962 ) suggested fementation 

similar t o  adults began at  2 weeks of age but development was 

hindered by lack of sufficient substrate . These results are in 

general agreement wi th those of Go dfrey (1961) and Lengemann and 

Allen ( 1959). 

Khouri ( 1 966) disagreeing wi i.t Sv. t ton et al., 1 963 fo und 

ruminal mucosa was capable  of assimilating and u tili zing ace tate 

-1-c
14 within a week  of birth . He conclude d  from his work that 

since calves were capable of absorbing VFA ' s  f ro m  the �en and 

utili zing them during the first week of postnatal l ife,  prior to  
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the consumption of solid feeds and es tablishment of a rumen 

microbial fermentation similar to adult animals ,  then the 

increased capacity to absorb VFA's accompanying rumen development 

(Huber , 1 97 5 )  was dependent on the expansi on of pre-exisbng 

mechani3ms rather than the development of nevr ones. Calves on 

a solid feed intake have ruminal VFA concentrations similar to 

adults 1-;hen fed on solid, at 6-8 weF.:ks (Hibbs et al. , 1 956 ; Huber, 

1 975 ) .  

Hexoses, the predominant energy supply in the preruminant , are 

absorbed mainly in the small intes tine while VFA's are absorbed 

mainly in the reticulorumen. Hence on rumen development si tes 

of  digestion and absorption change as does blood glucose level, 

glucose tolerance , glucose utili zation rat e  and gluconeogenesis 

lEdward , 1 970). 

Leibhol z  l 1 975 )  studied rumeu develcpment in Friesian calves 

given milk for 5 weeks then weaned onto a mainly barley die t .  Of 

the DM (dry matter) ingested 76% was recovered at  the duodenum one 

week after weaning, 58% two weeks after and 46% the adult level 

(Sharma e t  al . ,  1974 ) at  8 weeks after weaning. The diges tion of 

acid detergent fibre also reached adult levels by 8 weeks post weaning. 

The flow of ni trogen to the duodenum was similar to intake ofN which was 

the sarr·e as found for the pre-ruminant calf (Leibholz , 1 97 5 ) . In the 

first week after weaning ,32% of the ni�rogen flowing to the duodenum 

was of microbial origin, this increased to 74% by 7 weeks after 

weanill€• 

In this study the rate of microbial protein synthesized per 

1 00g of organic matter reached adult levels  as reported by Hogan and 

Weston (1967 ) ,  Smith , ( 1 974 ) and Hume (1970 ) within a week of weaning. 

This work of Leibh�iz ( 1 97 5 )  gives s oma idea of the rate at which the 

diges tive system of the recently weanea calf approaches adult s tatuso 
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II . FACTORS AFFECTI�G VOLUNTARY INTAKE AND THE 

DEV.F:LOPMEl�T OF SOLID FEI<jD IN'l'AKE IN ·yoUNG CALVES 

The amount of f8od consumed by animals largel y  d e t e rmines 

their productive out put,  and an und ers tanting of how they regulate 

voluntary food intake ( V .F. I. ) i s  of fundamental impo rtance i n  the 

field of animal nutrition. 

The fac t ors controlling food intake are c ompl ex and are no t 

fully underst ood ( Baile and Fo rbes ( 1 974). The mul tifactorial 

nature of voluntary food i ntake pres ents many problems as experi-

9. 

ments aimed at elimi nating one control ,  i n  an at tempt to unders tand 

the sys tem ,  have often s ho wn that the e liminated c o ntrol is dispensab le 

and that o ther control mechanisms are invoked to maintain foo d  jntake 

( Davey , 1 975). 
Two impo rtant concepts relating to voluntary intake in ruminants 

are s ummarized in a model propos e d  by Montgomery and Baumgardt ( 1 965c ) 
- see Fig. 2.1 

�u .� 
< 
1-
z 

FIGUI11: 2.1 

Cr:Efv'�)S TA TIC 
<:-THFI�Mt l�) TA i IC ·�·-�·:"' 

..rl- DISH:NTION ·-·-i'l· 

ENEI:GY 
--·-----------· 

NU fRITIYI: VALUE 
I . 

·' 

:>robnhlu 1 !'1:1tionship�; 1.; tw1�cn unur�tY anr! food intiii<U ••nd controllillg 
mochtlll IS111s. r: rorn Montq0111Ny and ll:IUilliJilrdt ( Hltiba) 



The fir::: ... concept invo.lves the extent by which the alimentary 

trac t can accvm:'loda te  food residues and is represented in Fig. 2 .  1 

by the portion under the distention side. The distention portion of 

the model repres en ts thaL portion of VFI under "physical " control 

and has been reviewed by Balch and Campling , 1962 ; Campling, 1 970 

and Conrad , 1 966 . The chernos tatic-thermostatic portion of the 

model represents the extent to whi ch absorbed nutri ents control 

intake - "metabolic" control . This method of control has been 

revi ewed by Baile and Meyer (1970 ) and Baumgardt ( 1 970 ) . Thus in 

a simplified summary animals receiving a diat of high caloric density 

are able  to consume enough DM to satisfy their physiological demands 

for energy where wi th low caloric densi ty diets gut load may prevent 

it. This type of relationship has been suggested by Owen et al. 

1 969 ,  Andrew , Ray and �rskov 1 969 ,  Andrews and �rskov 1970 , 

Kay, McLeod and Andrew 1972 , Kang and Keibholz  1973, Byford 1 974 ) .  

The voluntary feed intake in young ruminants will b e  dealt 

with under two headings: 

1 .  Diets the i n take of  which i s  possibly controlled by 

physical means 

2. Diets the intake of which is probably controlled by 

metctbolic means 

It mus t  be stressed that this division is arbitrary and control 

by either means are not indepGndent, e.g. Egan ( 1 970) states that 

a complex of interacting physical and metabolic factors may be 

involved throughout the whole range o f  diets utilized by ruminants 

and that there is no t simply a switch over to metabolic regulation 

at a point where disposal of indigestible bulk is no longer an 

embarasstnent or limi tatioh to to·bal digestible energy ints.k�. 



2 .  1 • 1 PHYSICAL MEANS OF CONTROl, 

The development of the reticulorumen with age (Warner and 

Flatt ,  1 96 5 ;  Hodgs on, 1 971c) has been sugges t.;,d as an explanation 

(Andrews et  al . , 1969 )  for the grea ter ability of the young ruminant 

with increasing age to equalize intakes of dig9s tible energy from 

diets of different energy density as has been s hown by Owen et al., 

196 9 ;  Andrews et al . ,  1969; Andre\vS and �rskov ( 1970 )working wi th 

lambs and McCullough (1969) with calves . In these experiments the 

energy concentration of the die t was al tered by altering the 

concentrate to hay ratio and the most pronounced effects of age 

were when the hay was left unground . This suggests the young 

ruminant shortly after weaning has no t suffic ient rumen volume or 

rate of passage . Rumen dis tention appears as a prominent satiety 

sig·nal in control ling intake in older rwni'1unts also ( see review 

Baile and Forbes, 1974 ) . Up to now evidence is  only circums tantial 

1 1 • 

w1lh the problem being in the separation and interpretati on of  the role 

of rumen development in the development of intake of solid food in 

young ruminants as the pattern of the devolo puent of these two 

factors are similar ( Hodgson, 1 965; Warner and Flatt, 196 5 ) .  

Therefore al though :lodgson (1S71c ) awl (197'3) W'as able to 

demonstrate a significant relati onship between DM intake and weight 

of diges ta in the rumen over this trans itional period of the calf ' s  

life such a rela tionshiF does no t clarify cause and effect . 

I t  was demons trated (Hodgson, 196 5, 1971a , b ) that the initial 

development of intake of solids was related to  an increase in time 

spent eating but later increas es in intake were achieved by greater 

DM uptake per unit time spen t eating with no increase in eating time. 



12. 

These results support the work of Swanson and Harris (1958) and 

later work by Byford (1974) may also be interpreted this way. 

Hodgson postulated that the initial development 

of solid food intake in the young ruminant may be limited primarily 

by behavioural factors (Hodgson, 1971a),and that gut development 

was dependent on the intake of solid foods and not the reverse 

(Hodgson, 1971c). 

Hodgson (1971a) using rumen fistula's and adding and removing 

digesta, demonstrated that calves were unable to compensate in 

either a positive or negative way in a food consumption sense, 

however responses approached adult levels six weeks post weaning. 

Hodgson concluded that the intake of solid foods shortly after 

weaning was limited primarily by oropharyngeal factors and rumen 

development was postulated as dependent on the intake of solid 

foods. Further possible indirect evidence is that the response to 

sweetening agents is greater in young ruminants (Preston,' 1956; 

Gardner, 1967) than older animals (Balch and Campling, 1962) 

which might be expected if behavioural factors are of importance. 

Exhaustion of salivary glands (Kellaway, Grant and Chudleigh, 1 973b) 

has also been found to be an important factor in influencing 

intake in early weaned ruminantso The work of Byford (1974) feeding 

concentrates or pasture to early weaned calves also supports this 

hypothesis of Hodgsons. 

It would appear that the imporf1mce of oropharyngeal based mechanisms 

are transient,as their importance in mature ruminants has been 

discounted (Balch and Campling, 1962)o As Hodgson's (1 971 d) and 

(1973) work was based solely on work with dried grass of moderate to 

low quality (in vivo digestibility 52-57%) as a solid food and 

--------------
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live weight gain ( J..,WG ) of the calves was only of the order of • 3 kg/ day 

it may be possible with diets of higher energy density that an animal's 

demand for energy may be satisfied within the limits imposed by rumen 

capacity or oropharyngeal factors. 

2.1 .2. METABOLIC MEANS OF CONTROL 

The validity of the relationship between intake and nutr-itive 

value as described by Montgomery and Baumgardt (1965a) in Fig. 2.1 

may be questioned on two points. 

1 .  When an animal's intake is being controlled by its demand for 

energy then theoretically it should be performing at a level close to 

its genetic potential. In the experiments of Kay et al. , 1 970, 1972; 

Kang and Leibholz, 1973; Byford, 1974, where calves were weaned at 

five weeks of age and fed diets of varying energy concentrations ad lib. 

the maximum growth rate of the calves was approaching the order of 

O.Skg/day. However Friesian calves of a similar age over a sim�lar 

time span grew at up to 1.�kg/day (Van Es, 1969; Roy, 1964, 1975)• 

This would suggest factors othe� than physiological demand for energy 

were controlling the intako of thnae conc:ent:rat, dietl:l in the early 

weaned calf. 

2 .  Because growth rates were similar for diets of differing energy 

density, could this confirm that animals ate to maintain a prescribed 

metabolizab1e energy intake? Conclusions based on liveweight gain 

information from diets of differing fibre levels can easily be 

misinterpreted because of differences in amounts of digestive tract 

fill (Stobo and Roy, 1963; Johnson, 1972; Jahn, Chandler and Polan, 1970; 

Strozinsky and Chandler, 1971). More recent work by McCullough (1974) 

found DM intake was affected by fibre lev�l and that the changes in 

digestion and utilization of energy accountod for the similar liveweigh� 

gains measured. 



These two criticisms do not unequivocally disprove the 

existence of a homeostatic mechanism operating to maintain a 

prescribed intake of energy by young ruminants but they do raise 
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doubts. In an attempt to substantiate these doubts an alternative 

explanation as to why this relationship between nutritive value 

and intake occurs in early weaned ruminants is given below. 

The levelling off, or even in some cases (Kay et al., 1970) 

the falling off of D.E. intake of early ueaned ruminants with 

further increases in the D.E. concentration of the diet may be related 

to decreases in rumen pH associated with the intake of these types of 

diets (Bhattacharya and Warner, 1967). The feeding of high grain 

diets to rum�nants can result in lactic acidosis (Kellaway et al., 

1973b) which impairs rumen motility, may lead to bloat, . and is. 

generally associated with anorexia ( Scarisbrick, 1954). Kay, Fell 

and Boyne (1969) have shown that pathological ch�nges take place in 

the rumen wall (rumenitis ) when the pH of the rumen contents fall 

below pH 5.64 While Andrews et al (1969) and Kay (1969) have shown 

that when early weaned larllbs and calves are fed concentrate aq, lib, 

l·umen pH is ·aelow 5. 5. Battaoharya and Warner (1967) have 

demonstrated a corresponding drop in intake with a drop in pH, 

but whether this response to pH was monitored as such in the 

voluntary feed intake centre or the centre responded to some other 

factor is urucnown, especially when the later work of Chase and 

Wangness (1975) is considered. Working with both sheep and 

calves fed high energy rations they established that rapid 

physiological changes do occu.r in response to meal initiation and 

during the meal but no cause and effect relationship was found 

between a metabolite and the control of the meal size. 
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One of the main reasons for a drop in rumen pH on high energy concentrate 

diets is a decr8ase in salivary buffering brought about by a lowering 

of both total salivary secretion and buffering capacity of saliva 

becuuse of the low rumination times on concentrates (Oltzen, 

Pu ., "tun and Davies, 1965). Restoration of rumen pH to normal levels 

and thus increases in intake of diets of high D.E. concentration 

can be brought about by the inclusion of fibre (Preston, 1963; 

Leibholz, 1975) or inclusion of buffers (Preston et al. ,  1961, Kang 

and Leibholz, 1973). Fibre has its effect in two ways, firstly as a 

supplier of basic cations (Matrone, Ramsey and Wise, 1969) and 

secondly by stimulating salivary secretion (Weis, 1953 cited by 

Preston, 1963). Kellaway et al., 1973a) found the later function 

of roughages was the more important of the two. While Leibholz 

(1975) found roughage alone was sufficient to produce rapid growth 

rates in recently weaned calves, Kellaway et al. (1973b)found their calves 

required both buffers and roughage to obtain the best results. The 

growth rates recorded by Kellaway et al. , (1973b) and Leibholz (1975) 
approach those of Roy (1964, 1975) for liquid fed calves which mAy 

indicate that once the deficiency of the buffering capacity of the 

early weaned ruminant is overcome, it may grow at rates near its 

genetic potential. 

The overall conclusion is that intake of solid food by early 

weaned ruminants may be controlled to a large extent by oropharyngeal 

based mechanisms and that young ruminants need time to become adapted 

to solid food. 

2. 1.3. ·Factors influencing the development 

of ElOlid food intake in younc; rum;Lnants 

Factors of possible importance here could be: birth weight, 

sex of animal, milk feeding regime and characteristic of solid food. 



Birth Weight 

Birth weight varies with breed ( Preston and Willis, 1 974), the 

belief among farmers being that growth rate of lighter calves is 

slower and mortality higher than for heavy calves . Kay (1 969) 

examining the records of 150 Friesian bull calves with varying 

birth weights found birthweight to have no effect on subsequent 

growth to weaning at 100kg. Results from other work,  e . g. Leaver 

and Yarrow ( 1 972 ) are confounded because of their constant feed 

allowance irrespective of liveweight as Davey (1974) showed that 

allowances based on percentage liveweight will in some cases under

feed the lighter calves relative to the heavier ones . 

1 6. 

Comparisons between male and female calves (Armstrong, 1 966) 

suggest sex had no effect initially on the development of BOlid feed 

intake . 

Milk feeding regime 

This is dealt with unde� the following three headinga r 

1 • Direct effect of the level of milk fed , 

2. Age of animal at weaning. 

3 . Carryover effect of the preweaning treatment on the intake 

of solid food post-weaning, 

1 .  Direct effect of the level of milk fed 

An inverse relationship between the level of milk fed and the 

intake of solid food in young ruminant calves has been demonstrated 

by many workers (Mathieu and Wegat� Litre , 1961 ; Burt and Be ll,  1 962 J 

Armstrong, 1 966 ; Taylel' , 1 966 ; Hodgson , 1 971 c and Leaver and Yarrow 

( 1 972 ) • 



1 
Y � b x + c (1 ) 

Y = intake of solids (g DM/kg LW) 

X = intake of milk, the level of milk fed ( g  DM/kg LW) 

b = regression coefficient 

c = a residual term. 
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Hodgson (1971c ) quantified the above mentioned inverse relationship 

with calves fed grass and found the regression coefficient ( the 

ability of the calf to substitute solid food for a given change in 

milk intake ) was significant and increased with age.  This co··.lld 

represent the cumulative effects of low levels of milk feeding as 

the calf ages, on the intake of solid food (Mathieu and Wegat-Litre, 

1961 ) but because the regression increased with age independent of 

the fluctuations in milk feeding ( Spedding et al. , 1963 ) Hodgson 

(1971c) proposed that the response was one of adaption to a oolid 

diet ( see earlier section on rumen development ). Obviously the 

value of the regression coefficient is going to alter according to 

the type and form of the solid diet (Hodgson, 1971a ) . The increase 

with age of the regression coefficient would seem to auggos t  �ome 

advantage in feeding calves a greater level of the fixed quantity 

of milk to be fed before weaning when they were young and consequently 

had a very low substitution rate for solids. However the limited 

work with lambs and calves (Preston, 1956; Quayle, 1958 and Owen 

et al. ,  1969) would not support this suggestion a s  the pattern of 

distribution of a fixed quantity of milk over a set time period had 

little effect on performance. It would appear the performance of 

milk fed ruminants is insensitive to the distribution of milk 

feeding , but is sensi tive to the level of milk fed. 

point wi l l  rec eive grea ter c o verag� a t  a later stat�. 
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2 .  The age of the animal at weaning 
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Checks in li7eweieht gain at weaning in regard to age have 

been ol·served by Converse (1949); Stobo, Roy and Gaston (1967a) 

and Hodgson (1 965 ) , the check generally being greatest in the 

younger calves. Hodgson (1965) and Stobo et al. (1967) showed 

that this was the result of a slower rate of increase in the intake 

of sol�d food post-weaning with the younger animals, reflecting th e 

lower extent of the substitution of solid food for milk at the younger 

age (Hodgson, 1971c). Part of this effect may be due to age per se 

although age at weaning is often a reflection of a number of other 

variables which may or may not be related to the development of the 

intake of solid food post-weaning. 

3. �rryover effect on the pre-weaning treatment on 

!he intake of solid food post-�eaning 

Since the early work of Preston (1957) was published the general 

trend with calves to be weaned at an early age was to encourage them 

to eat as much solid food as possible before weaning. However the 

literature is not clear in regard to the quantitative importance 

of the in take of solid food pre-weaning as it effects ths intake of 

solid food post-�eaning. The confusion can be �econciled to some 

extent by considering the relationship between t�e intake of solid 

food before and after weaning in two categories. 

(i) When comparisons are made between individual animals 

reared on the same treatment - only one treatment with the same 

allowances of milk and solids before weaning. Most confusion seems 

to arise over this point as workers have produced conflicting results. 

Quayle (1958) cit�d by Hodgson (1965) showed the relationship between 

intake of solid food by calves before and Qfter weanihg was not close. 
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Davies and Owen (1967) feeding lambs on a res tricted supply of milk 

agreed with Quayle (1958) but when milk was fed ad lib . in t he same 

experiment to another group of lambs a close positive relationship was 

es tablished between the intake of solid food before and after weaning. 

This contradiction is not strictly related to the amount of milk f8d 

as Lawrence and Pearce (1965 ) when feeding calves a restricted milk 

ration obtained a highly signifi cant positive relationship between 

intake of concentrates before and after weaning . 

( ii ) When comparisons are made between different groups of animals 

receiving different levels of milk and weaned at the same age. Again a 

certain amount of confusion i s  evident. Russian (1 963) cited by Hodgson 

( 1 971 ) ,  Davies and Owen, (1 967) and Hodgson� (1 971 ) have consi stently shown 

that with groups of a.nimals receiving different quanti ties of milk and 

weaned at  the same age , the regression of DM intake after weaning on 

milk intake before weaning was significantly negative and persis ted 

for s ome time . However Brookes and Davey ( 1975 ) feeding three levels 

of whole milk, . weaned their calves at 55 days and found the 

regression of DE intake of a concentrate hay di et  on DE intake of 

milk was �o t significant .  This indicated that animals res tric ted before 

weaning did no t respond by increas ing their DE intaks of concentrate hay 

when this was offered ad libitum af ter weaning. The reason for the 

persistence of the difference established in the intske of solid food 

before weaning in the pos t weaning period (Hodgs on, 1 971 ) . ia not clear 

although it  could be due to a greate1· rumen development because the calves 

had eaten more solid food (Hodgson, 1971 c ,  d). 

Another possibility is that calves ,  though receiving more solid food 

before weaning , are bet ter adapted to it  end so can increase the 

intake of solid food after weaning at a more rapid rate. In this 

---- ---
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regard Hodgson (1971a) demonstrated that whereas after weaning the 

intake by calves of dried grass fed in the loose long form was 

dependent to a significant extent on the calves pre-weaning 

experience of it, this was not the case when the same dried grass 

wa8 fed in the ground pelleted form. 

If this general relationship between the intake of solid food 

before and after weaning is significant then it has important 

practical significance. In order to obtain a high intake of solid 

food after weaning , one has to forego performance pre-weaning because 

of the necessity of restricting milk to encourage the intake of solid 

food. The appropriate balance between these two factors is still 

far from determined. This is illustrated by the work of Aitken 

Present, Whitelaw, MacD�armid and Charleston (1963)  and Owen et al . ,  

( 1 969)  who showed that any advantage gained in liveweight pre-weaning 

with higher milk fed groups was lost in the subsequent post-weaning 

period , a result which was contradicted by Hodgson ( 1 971 c ) , Brookes 

and Davey ( 1 975 ) and Morgan and Owen (1972 t 1 973 ) who showed that the 

advantage gained in the pre-weaning period with the higher levels of 

milk fed persi�ted despite a lower level of intake of solid rood 

ini tial y post-wean1ng. 

Dietary Factors of Solid Food 

To exploit a calf rearing sys.tem which uses a low level of milk 

feeding as does that developed by Preston ( 1 957 )  and Khouri ( 1 969)  

it is necessary to use a solid food which promotes a rapid increase 

in intake under the given milk feeding regime. As the young 

ruminant has a Hmaller rumen capacity and/or limitiations in its 

eating behaviour, the diet must be of high energy density. According 

to Fitzgerald and Kny (1974 ) no difference irt intake or feed 



utilizat�on was found when an all concentrate diet was offered in 

the dry form or as 30%, 20% or 15% DM . In this study calves had 

continuous access to wet feed and consequently the conditioning 

effect associated with feeding of limited quantities of liquid 

feed in s timulating closure of the oesophageal groove was abserct 

2 1  • 

(�rskov et al . ,  1970 ) . Owen et al . (1969b) and Kay et al. ( 1 972 ) 

demonstrated that lambs and calves were better able to compensate 

for energy dilution of the diet by coarse roughage ( oat husks and 

chopped straw respectively ) when the diet was pelleted. The 

advantages of pellets as opposed to meal is less apparent at low 

levels of roughage inclusion. Lassiter (1955)  found that calves 

having free access to both pellets and meal, selected pellets in 

preference to meal, but when each was singularly and separately 

fed there was no significant di fference in intake. 

result was supported by Hardy (1972 ) . 

This la tter 

Recent work by Warner, John, Por ter and Slack ( 1 974 ) investigated  

bloating in young ruminant calves fed concentrates. Physiologically 

bloat has been a problem with low fibre concentrates ( Preston -�· �  

1 963 )  and Preston euggee ted fibre should be present to promote normal 

physiological activi ty. From the work of Warner et al . (1 974 ) i t  

would appear physical fonn of the fibre is more effective than fibre 

level as such. As they only dealt with mash and ground pelleted 

concentrate, comparison with o ther workers who used long hay and 

pelleted concentrate is impossible. It is interesting to note that 

Welsh and Smith ( 1 970 , 1971) have found that rumination time is affected 

both by fibre level and particle size . The work of Warner et al. , 

( 1 974 ) supports these findings, the large pa�ticles eliciting an 

earlier and more consistent pattern of rumination. Warner et al. , 
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( 1 974 ) found the feed intake of  the larger fibre particle mash was 

greater than the pelleted fi�ely ground concentrate, the average daily 

gain being signif i.cantly gre9.ter even though conversion efficiency 

was lower for the mash . Kay ( 1 969) cited experiments at the 

Rowett Institute -..,hich clei.tt'ly showed that when care was taken 

during the processing (pelleting ) of the diet to retain the husks 

on the cereal grains, calves did not suffer from bloat and they 

converted their food into bcdy mass more efficiently than did calves 

offered the same diet in the loose form . Whole pelleted cereals 

were also found t o  be superj.or to ground pelleted cereals as food for 

early weaned calves. 

Another major limitation of young ruminants would appear to be 

their immature buffering system. This can be overcome by adding 

buffers to their food ( Preston, 196 1 ; Kang and Liebholz, 1973 ) ,  but 

for the long terr:1 benefit of the young ruminant some roughage is 

needed as Wilson (196 3 )  concluded that the parotids grew and 

matured in respo�se to mechanical stimuli provided by food . 

It was mention�d ea�lier that because of the postulated 

prominence of oropharyngeal factors in controlling the intake of 
solid food in young ruminahts shortly after weaning palatability of 

the s olid food is important. The fact that calves are very selective 

grazers (Hodgson, 1968) may indicate palatability has an influence on 

intake. However palatability is difficult to define accurately 

and exactly, since it is a concept rather than a scientific term 

( Greenhalgh and Re id, 1971 :1 and there is confusion as to whether it 

is important in influencing intake in adult ruminants .  Balch and 
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Campling (1962) claim that it is unimportant in influencing the level of 

intake of a diet fed singly (a contention recently challenged by 

Bai.la and Mayer, 1967 ; Greenhalgh and R6id, 1971) , but did consider 

it important in the initiation of eati�g. 

Because of the problem in defining palatability it is difficult 

to know what factors are imfortant in causing a palatability response. 

I propose to deal with the problem under three headings : Taste, 

Texture and Hardness . 

Taste. In this respect a number of workers (Preston, 1956; 

Atai and Harshbarger, 1965 ; Gardiner, 1967) have demonstrated 

positive responses in DM intake when sweetening agents were included 

in the diets, indicating perhaps a palatability response. 

Texture. Texture is another poss�ble palatability factor, and 

Ray and Drake (1959 ) claimed that on intake evidence coarse textured 

concentrates are more palatable than f:Lne textured ones. However 

texture in this context is probably co�ounded with the promotion of 

favourable rumen development caused by the cbarse textured di et. 

Palatability does not appear to be important in influencing tlla 

choice of cereals for a concentrate ration, as Kay (1969) cited 

unpublished work of Kay and MacLeod showing that either wheat
1
barley 

or maize could be used inte�:-changeably in the ration without aff'ecting 

intake or production. This supports a conclusion of Caffrey and 

McAleese (1965) that the differences in palatability between cereal� 

for calves are usually confounded by the preparation of the cereals. 

Hardness. It has been suggested (Warner and L?osli, 1957;  

Bartle�, 1973) that hard pellets (crushing over 13. 0kg in a Stokes 

hardness tester) were less acceptable than soft pellets. Warner 



et al., ( 1 974 ) feeding a low fibre pellet (8.3kg Stokes hardness 

tester) and a high fibre pellet (12.0kg Stokes hardness tester ) 
ad lib. to young ruminants found no difference in measured levels 

of intake. I t  should be pointed out here that both pellets types 

were not offered ad lib. at the same time to each group of animals. 

In conclusion i t  would appear that the type of food most 
-

suitable for weaning calves is one which is "palatable" hada 

high energy density and promotes and ove:t'comes the immaturity of 

the buffering capacity in the developing rumen. 

III. PROTEIN AND ENERGY REQUIREMEI�S 

Nutrient requirement of animals are assessed to facilitate 

the formulation of their rations but to do this effectively it is 

essential to know : 

(a) The total needs of the animal tissues for each nutrient; 

(b) The capacity of the diet to provide the tissues with these 

nutrients. 

The needs of the tissues for nutrients in similar animals in a 

parti oula� physiological s tate shoul d theore tically ba fairlY 

constante However the availability of dietary nutrients to the 

tissues is highly variable and depends on many factors _ including 

the physical and chemical properties of the feed stuff , the methods 

used in their formulation and their apparent digestion. 

24.  

Feed energy in mos t feeding systems (A .R . c . , 1965; N . R . C . , 1970) 

is partitioned into allowances for maintenance and production 

respectively. This division of energy metabolism does not imply 

exclusive separation in the life processes of the animal, rather 

one metabolism which at different pa�ts of the body pQrforms 

different jobs , i.e. maintenance and vari ous kinds lof production. 



k1 animal d e prived of food c o n tinues t o  require  energy for 

th o s e  fuYJc t i ons of t h e  body immed i ately necessary for life - for 

me c han i c al work of e s s e n t i al muscular ac tivi ty , for che mi cal w o rk 

such as moveme n t  of d issolved sub::.; tances agains t concentration 

gradien ts , anu for t h e  syn thesi s ol' expended b o dy cons tituents 

such as cn�ymes and h o rmo nes . The ma i n tenan c e  l evel for an animal 

is the amoun t of eno r�y r equi red Lo k e e p  the ani mal in zero ene rgy 

r e t e n t i on c.md thi. s value can d e p end on the amount of activi ty and 

the en vi. ronmen t ( 03 uj i ,  1 97 4) . Produc tion 0 8curs as a resul t 

of the u Li. l i za ti o n  of tha t po r t i on of e nergy int ak e  no t required 

for ma i n t enan c e . 

The Bo l<l u c e  o f  F.norgy W i thi n a n  A n i ma l  

El{ =- M l� I  - H P  or MEl '" �l + HP 

Elt -- e1w rf�Y t'lJ tai.ned 

�1EJ  � me tabu 1i. zu ble energy eu ton 

liP -· h ou t p1 ·oduc ed . 

Measurelll • )O t::.; 0 r enG J't' S me t abolism 

1 .  Ga J o rimu Lry ba] r. n e e  me t.hn.i �1 -- d i rec t an<i indi re c t .  

2 . � a w.t�.;h L u r  n1'" 1-hods � 

3 .  lll f eronces f 1·om ut�)as urCILL'n t o f  li vewei g h  t gain. 

Bal ance JVi G t hods 

Energy balan c e  is es timated by the differen ce between the heat 

of combuu tion of the food and the sumD of combus ti on of excre ta,  

inc lu ding ganes a n d  L h e  h eat productio11 of the animal measured over 

a time ln te1·val . Ad vantages of bal an ce mP thods are : 

•, 

2 5 . 
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1 .  no restriction - repetition of trial possible. 

2. .theoretically small energy retentions can be measured over 

ehort pe riods of time. The disndvantages 1vill be dealt with under 

a general heading as -vrell as tho s e  peculiar to each technique., 

General Errors congnon to Balance Experiments 

The bal�nce method estimation of energy retention depends on 

random errors attached to five terms., These are mainly 

of a statistical nature arising largely · from sampling difficulties 

and are of two types (Blaxter, 1 967 ; Graham, Blaxter and 

Armstrong, 1 958 ) . 

1 .  Analytical and instrumental errors. 

2 .  Da.y t o  day variation in  production of faeces, urine, methane, 

heat production and measurement of intake - sequential errors. Further 

detail s  of these errors are given by Blaxter ( 1 967). Itoh (1 974) found 

the more steps involved in energy metabolism measurements the greater 

are the chances of a significantly large error creeping into measurements • 

. Direct Calori ruetry. Measures total heat loa t from the animal by 

measuri ng both sensibla and evaporative heat loss, e . g. the "Gradient 

layer" techniques as d escribed by McLean ( 1 971 ) and Pullnr (1 958). 

Additional disadvantages of d i rect calorimetry includ e : 

1 .  Basic assumptions giving rise to systematic errors. Errors 

due to heat losses in faeces and urine removed from the chamber I 
variations in evapora tive heat loss determined by water vapour 

produced, differences in body temperature or stall temperature at the 

beginning and end of the trial (Blaxter, 1 �67). A more thorough 

discussion of errors i� given by Graham , Blaxter and ArmH trong (1 958) • 

t '  
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Indire c t Ca lorime try. As subs tances oxidi zed within the body fall 

into thr e e  ma i n  categories ,  c arb ohydra te , fa t and pro teins , the 

thermal e quivalents of oxygen , or the amount of heat produced per 

li tre of oxygen has been es timated for each of the s e  three 

subs tra tes .  I n  order t o  app ly thernal equivalents i t  i s  important 

t o  knoH 1-:ow much oxy gen i s  us ed by each subs trate and thi s is 

calcula ted from tl:e respl ra t ory quo ti ent , the con centration of 

carbon di oxi de prodB.c e d  to oxygen c onsumed a t  no rmal t empera ture 

and pressure for each of th e subs tra te s . Mos t hea t produc ti ons 

are no� es tima t ed from respiratory ex change and ni t ro5en ex c re ti on 

foll owing the work cf Vlei:r· (1949) and B rom:er (1965). 

me try c on s i s ts of open and closed circui t tecbni�u es . 

Indi re c t  calori
The open 

ci rcui t sys t em depends on the pre c i s e  m easureme n t  o f  tb.e change s in 

o2 and co2 c onc en tra tion of the air ent ering and J .eaving the cal ori
meter as W <:!ll as the flow rate through the chamber . The closed 

circuit sys t em differs from the one just des c ri bed in that the same 

air is c ontinuous l y  c irculated through the c.ppara tus whi.<.:h i s  

herme t i c a l ly s eal ed . Moi s ture and C02 produced by the animal are 

rapidly removed by chemi cal absorbents ; thi s causes a decreas e in 

pressure within the nys tem allowing oxygen to flow into the chamber 

from a welched cylind er , and spirome ter until press e in the sys tem 

is res t ored to equi l ibrium (Parrell , 1 9?4) . 
Open circui t calorimetry has the advantage that chamber l eaks 

a:re usual ly re l atively unimportant as long as air entering the system 

is of uni f orm and con s t�nt compositj on. Tempera ture in the respiration 

chamber mHy be al lowed to fluc tua te dur j ng the measurement period and 

observations can be made successfully over short periods of time . A 

ful l di s cus s i on of the errors in respiration calorim� try is given by 



Graham e t  al . (1958) o Wainman and Blaxter ( 1958) and Fla t t  � al . 

( 1958 )  give good d i f! c ussions of closed and open drcui t indire c t  

c al orime try res pec t i vely. Comr,ari sons made between heat 

pro d;J C t i on m easurem ents on the sarnt: ani::nal s  in open c ir cui t and 

c l osed c irc1J i t c al o rim e t er s  ha.s shown eood agre ement (Winches t e r ,  

1 94-0 ) . Agr eemen L b e tvl een dire c t  an d indi rec t c al o rime tric 
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t e chni que s would a ppea r  to be v ery good (Webs t er , 1 976 ) .  Bala.r, c e  

methcds because oi' t h e  e rrors invnJ.ved , t end tc ur-deres tirnat e  ex c reta 

th ereby over es timating M E  i ntake and ene rgy re tenti on . Further 

di s cus sion of the errors i nvo lved in c al orime t ry can be found i n  the 

work of Bla x t e r  ( 1 967 ) , I t  oh ( 1 973 )  and Howell et al . ( 1 976 ) .  

Cpmpara ti vo S laugh i er . M easures ene rgy re tenti on by t he differenc e 

in heat of c or1bu s ti on be tween s imi lar animals s l augh t ered at the 

begi nn i ng and the c ompl e ti on of' a t rial . B e caus e no two animals 

are pre ci s ely s imi lar la1·ge numb ers are r e quired if the e rror 

at tached to ene rgy r e t ention i s  to b e  kept smal l .  The me thod provi des 

a dire c t  m easu1·e o f  energy c ontent limi t e d  only by analytical ac curacy . 

While no e lab o ra t e a ppa 1·a tus is re qui.red,  i t  is an expensi ve labori ous 

and wasteful techni qlJ L' . 1'he tecl:ni que w·ou l d  be less c o s t ly if body 

comr,o s i t i on and hen c e  e nergy content c ould be measured non' des truc tiv ely 

in liv:i.ng or und i. s s e c ted. carca s s e s . The use of tri tiated wat er and 

diluti on t echniques ( Searl e ,  1970 ) conc entra tion of K in J ean bo dy 

mass (Ki rton, 1963) aud spec ifi c gravity s tudi es (Garret and Hinman, 

1969) have all been moves in thi s d i rec t i on . Measurement of metabol-

izable ene rgy in take i s  usually mad e a t  the beginning of the trial 

assuming methane pro d u c tion to be 8% of digestible energy intake 

(A .R . C . , 196 5 )  and i s  assumed c ons tant throughout the trial. �ho 
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work of  Blaxt er et  al . ( 1 966 )  and Graham and S earle (1 972a )  appears 

to agre e with t h i s  assumpt ion. 

Inferences  from measurement of Li vewe igh t Gain 

These t ri a l s  are usually of the balance type , in that they measure 

the amount o f  feed to give a certain gai n  and from this calculate feed 

to give no gain . Another method repor ted by McDonald et al . ( 1 973 ) 

invo lves the analysis o f  e ne rgy intake ( I )  l ivewei ght (11 )  and liveweight 

gain ( G) by solvi ng 

I a \.P · 75 + bG 

where 'a' ancl ' b '  arc es t ima t e s  of the quant i t y  of food energy used 

for maintenance and eac h  unit of livewe i . ,·ht ga i n  res pectively. E rrors 

in this method when u sed t. o predict ene r·gy re tention stem mainly from 

li veweight ga in not being a ve ry good measure of ene .!:gy balance 

(�rskov et al . 1 976 ; Park t ! I' and Hutton ,  1 976 ; Rat- t ray and Joyce , 

1 976 ) .  Along w i t h  compc.n:;.t ive s laught ur it has the advantage that 

animals are compet i ng in t l telr no rma l e : t v  j rorunent . Wo rkers who have 

used and c omwe n LetJ. on t h i a  techniqu.c WJ i 1  c a l ves include Brookes &11d 

Davey pers . comw . ; Br isson e t  al . 1 957 ; Bryant e t  aJ . 1 967 ; and 

Roy e t  al . 1 �58 . 

Maintenance 

Methods of measuring maintenance (Van Es , 1 972 ) are : 

1 .  From regression methods , 

2 . From measurements above below , and at maint E nance , 

3 .  From fasting hea t  production.  
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1 .  Estime.tes of rn.c.intenance  requi rements by means 

of regre ssioh me thod s 

This method ccns i s ts of ex t rapolc:.ting t o  z e ro in take the 

regres sion relationship b etween energy intake and retention. 

b an es tiu;ate cf i. rue NE (ne t ent-:rgy maint enauce ) ID 
MEI = ME intake 

Kg = effic i ency of u ti l i zation of ME ovE:r and ab ove that 

required for m&in tenar.ce. 

ER == energy retc:.ined or lost 
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This is the techni que em p loyed by Ho lmes and Davey ( 1 976 ) ,  

Van Es ( 1 9?2 ) ,  Webs t e r  e t  al . ( 1 974 ) ,  Webs ter et al . ( 1 976 ) and 

Vermorel e t  al .  ( 1974 ) . Usj ng compara tive <> laughter to e::: timate 

HP (heat pro c1.ucti on )and ex trapolating the regre ssion of ME intake 

on heat produc tion t o  zerc i ntake , mai n t ena nc e , is e s tima ted as the 

point where M E  intak e  equals heat production ( Lofgreen and Garret t , 

1 968 ;  NRC , 1970 ) . Thi s me thod is similar t o  the above in that 

it involves the ex t rapo l a tion of a. regression line. Workers who 

have used thi s me thod j_ nclude Lofgreen and Garret ( 1 968 ) ,  Johnson 

( 1 972 ) , Garre t ( 1 9?1J ) v1 i L l 1  cattle , Ra t; i· ray and Joyce ( 1 976 ) ,  

�rskov et  al.  ( 1 9' ((> )  n.nci l lovtoll tl...!ll• ( 1 976 ) with sheep. 

Possible sources of e rror in extrapolating the regression o f  

intake on energy retention are: 

1 .  The ene rgy content of �o;eight gain changes with age and 

lvei g h t  (Blaxter et al., 1 96 6 ; Searle et �. , 1 972 ; Graham and 

Searle, 1 972a ; Orskov e t  al . , 1 976 ) . Hedde and Knox ( 1 970) claim 

the ef fici ency of ME used for mainten�nce and growth indicated a 

greater energy cost for the maintenance o f  lean than for the 

Ihaintenahce of fat wi i:lJ ycung calves, while later work of ClrEiham ancl 

. 

; 
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Searle , 1 972 (with 8heep) found no differences. As the body 

Height and i ts compo si ti on is changing and as ME = awP (where m 

31 ' 

'·1E = maintenance requirement of ME , 1 a 1 is a c onstan t ,  W liveweight m 

and 1 p 1 an exponent of J i veweig·h t )  , is the exponent 1 p 1 a constant 

i as proposed by K J e i b e r  (1 965 )  or does it vary during the rapid 

growth phase (Blaxter, 1972 ; Graham, 1 970 ; Mount, 1 968 ) ?  The 

slope of the curve ME - C!Wp is steep�;r and changes more at lovr m 

than at high levels of W so it is more important to know the 

correct value of p for the young than the older , heavier animals 

(Van Es, 1 972 ) . This change in the exporentof liveweight may affect tile corr-

ection of metaboli c results for weight changes in experiments 

where there are d ifferences in liveweight between treatments. 

Blaxter et al. (196 6 )iiscussed at some length systemd:ic errors in 

the calculetion of e f f i c i ency of utili zation of metabolizable energy 

(and hence the intercept , ME ) inQuced by a scaling based on body m 

weight determinations. 

2. The relE<.tionsh ip be tween enere;y retention and productior.. 

may not be linen.c u�:: pecial ly at higher intake levels relE:J.tive to 

maintenance, but present resul ts (Blaxtal' , 1 962; Graham, 1 970 ; 

Graham and Searle , 1 972b) would sugges t  that i t  i s .  

3. There is some disagreement about the energetic cost of the 

production of protein compared wi tb tba.t of fat, (Buttery and 

Boorman, 1 976 ; Kielanowski , 1 976 ; Rattray and Joyce, 1 976 and 

�rskov and McDonald , 1 970) . If protein synthesis is  less 

efficient than fat synthesis (reviewed Buttery and Boorman, 1 976 ) 

as the proportion of protein produced to fat changed during grow·bh 
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(Lofgreen an<i G o. rre t t ,  1968)  this wou l d  influence the regression. 

4. The range o f  intakes will a ff e c t  the .s.c curacy of the 

extrapola t i on - e s pe c i a l ly i f  intake was very s imilar and a t  a 

high leve l i n  c.tl l experimen tal animal s . I d ea l ly g:; wi d e  a range 

of ME intake s  as po s f; iu l. e ranging from n ee. r maint enan c e  intakes 

to ad . lib . l evels would involve the sma l l e s t  e rror ( Van Es , 1 972 ) . 

I t  should a l s o  be n o ted t hat metabol i zabi li ty of di e t s above 1 6% 

c rude fibre decreases wi th inc reasing l ev e l  of in take , 

5 .  Thf! e ffi ci ency o f  uti l i z a ti on of energy for maintenan ce 

and espec ially producti on depends on the dieta ry source of energy 

(Blaxter, 1 S74 ; A . R . C . , 1 965 ; Blaxter , 196 7 ) . 

Whe the r  the effi c i ency o f  1J ti l i z a ti on of ME f o r  gain decreases 

(Armstrong and B l rrY t er ,  1957 ; Armstrong e t  al . , 1958 ; Blaxter and 

Wainman , 1 964 ) o r  remai ns unal tered ( �l l. i o t  e t  al . , 1 965 ; 0rskov and 

Allen, 1 966a , b ,  c ;  Bu l l  et al . , 1 970)  as the molar pro porti ons of 

acetate from n diet inc roaoo has b e en a po int of conjecture for many 

years . Rev i l'w ing pE-s t experimental Le chni ques and their associated 

errors as wcl l n s  pres er1 ting thei r mm re sul ts frorr. calorime tric 

and s lau e:hter L ri ul s ,  l l l • \iel l et al . ( 1 976 ) c onclude that the 

effi cien t u ti l i za tion o l ' a cetate may d G pend upon a supply of glucose 

or a gluc o s e  precurs or . Thi s  premi s e may explain some of the 

measured response differences cited in the literature . 

6 .  Regression c om putati ons the o reti cal ly require that the 

i ndependen t ( M E  and ER ure rel ated ) variable ( s ) do no t contain 

measurem ent er1·ors o l t  is probab le in cal o ri me tri c energy 

balance experiments that ME intake will b ove:r·es timated (Blaxter, 

1 967) and as a cono e!J.ucnco enerey re tention is also ovores timated 

increasing the regression coefficient (Kg). In the comparative 
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slaughter approach animals , because they are not in confined heat  

controlled chambers as in  calorj metry, will tend to  have higher 

maintenance heat produc tions because of temperature fluctuation 

and activi ty (Hovrcll , et al . , 1 976 ) . This will result in smaller ---

regression co efficients (Kg) than calculated from calorimetry. 

Balance experiments and slaughter techniques contain errors which 

tend to accumulate which may also explain differences in Kg of up 

to 20% (Howell et al . , 1 976 ) . 

7 . Growing animals usually show decreased muscular ac tivity 

with age ( Van Es , 1 972 ) . 

For accu rate use of  this me thod , a wide variation o f  intakes 

are required , preferably over a range of ;.reights in which  maintenance 

cost per uni t metabolic body weight are fairly cons tant. 

From Measurements above, below and at maintenance 

This method consists of performing two or more energy balance 

trials with a number of animgls feeding a ration at levels clo �e to/ 

above and below maint enance res pe c tively. The tochniqueta of 

comparative s le.ughter and calorimetry have been used here ( Blaxter 

et al . ,  1 966 ; Van Es , 1 972 ) as well as liveweight gain trials . I f  

as Blaxter e t  al . ( 1 966 ) and Blaxter et al . ( 1 974 ) assume gut fill 

does not increase maintenance requirement , then organization of 

trials in such a way that changes in tissue gain are negligible 

could be used wi thout objecti on (Van Es , 1 972 ) o  A good review of 

the techniques used and their shortcomi ngs is given by Van Es 
( 1 972 ) .  Problems in using liveweight gain techniques include : 
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1 .  Sma ll cha11ges i. n b o d y  w e ight are diffi cul t to measure in 

ruminants becau� e of gu t fill and i rregul ar pu tterns of excretion of 

faeces and urine ( Stobo and Roy , '1 96,1 ; J olmson , 1 972 ) . 

2 .  Energy f' oni. e n t  o f  t-h �:: LWG ( li.vevreicht gain ) may change 

(�rskov e t  �1 . , 1 976 ; lll .:.;.x t er et al . , 1 966 ; A . R . C . , 1 965 ; Lofgreen 

and Garne t , 1 968 ; Grahur1 u nd Se arJ e ,  � ��72u ,  1 972b ) . 

3 .  Feed i ng ra t i on:..; fo r short p !ri c' ds of i .ime may involve 

errors in es tim;_ , t ion o l · J i .:._�es ted food .  

Because the ener�:;y corlC ( C�ra ti or' o f  l ivewe ight  gain inc reases wi H1 

age and weight ( Blmr t t  t ·  td , u l . , 1 966 ; Graham and Searle , 1 972a ,  

1 972b ; A . H . C . , 1 96 5 ; J�fgr�en �� Garre t ,  1 968) and these increases  

are hard to muni i. o J' ,  L L ' Cl m i q u ec' i nv o l v : 11G calori.metry or comparative 

slaughter sltuu ld lHJ u :.; ( · ( l . 

From Fastiug Hoc-: t P1·odu , ·  L i o n  

Fasti ng l 1 e u t  pro • l1 1 c  Lion i s  a mea.mr� of basal energy metabolism, 

in a therrnc neu Lru l e 1 ,v i. ronrne nt , in a pos t  ubsorptive condi ti on,  

unc omplica ted b y  l1 ea t i n c reme11 ts inc i d e n t  to feed utili z a ti on a ·1d 

high or l m1 en vi conml. I; I u l  t empertJ tu rt ':J . B e c aus e s tarved animalt; 

tend to  be uc tive , lying d mm and s L  nding , which requires differing 

amounts of en<�I'f:,'J' ( Blaxter, 1 962 ; A . ti . C . , 1 96 5 ;  Osuj i ,  1 974 ) and 

the conc ept o f  Basal en,·rgy metaboJ i nw involves no activi ty , th�� term 

(F . H . P . ) fuo ting hvut p.c·oduc ti on is Uo:>ed for anj mals , except where 

the measuremeHts arc mwte ovur a shor t period of inac tivi ty,  e . g. 

sleep. · I t s h oulJ lJc r..:membered tha t. th;. l 1eat produced by a fasted 

animal resul ts from the true ne t enm·gy of maintenance plus the heat 

increment due to  the oru-n·gy cos t of' w o bi l i zi ng the subs trate for 
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maintenance and the energe tic ineffici ��cy o f  ATP generation for 

maintenan c e  from the subs t rate in qu es ti on (McDonald.  et al . 1 973 ) . The 

heat produ c t i on of fas ting animal s i s  measured t o  provid e  a bas eline 

from whi ch the eff e c t s  of inges ted f ood on energy metabolism can be 

evaluat e d ,  and to de termine the relation b e tween liveweight and heat 

production. The heat incremen t s  of f o ods d e termined b el ow maint en�nce 

represent n o t  the t rue inefficiency of ene rgy convers i on ,  but 

ineffi c i ency rel a t ive t o  that of the utilization of body reserve s , s o  

(Km) effi c i ency o f  utilization o f  f ood ene rgy below maint enan c e ,  i s  

different in conc ept t o  Kg whi ch i s  a true ne t efficiency. Hea t 

incremen t i s  a mea sure of the energe tic c o s ts of the process of 

diges t i on and the energetic ine ffi c i ency of the reac tions by whi ch 

abs orb e d  nut ri ents are me taboli zedQ 

Measuremen t s  of FHP are made by b o th dire c t  and indirect 

calorime try .  These are compl e tely different t o  FHP ' s  quo ted from 

s laught er experimen ts that are ob tained by extrapolati on of the 

regres s i on relating ME intake to heat producti on from above 

maintenanc e l eve l s  o f  in take t o  zero 1\m in take ( Lofgreen and Garret ,  

1 966 1 Garre t ,  1 970 ) and nr probably H!uusures of the true ne t  

energy o f  maint enanc e. 

Techni ques of measuring heat produc tion vary in thei r  length 

of fas t ,  extent of ac tivity o f  animal s  being recorded, and l ength of 

measuremen ts. Some workers (Deighton , 1 929  and 1 937 and Brody and 

Kibl e r ,  1 944 ) only measured the heat produc tion of the ir pigs over 

sho r t  peri ods of sleep or inactiv i ty c ompared wi th 24 hour measurements 

such as Holmes and Davey ( 1 976 ) wi th c alves , whi ch almos t  c e rtainly 

inc luded ac tivi ty. Roy e t  al . ( 1 957 )  s triving to o btain basal 

metabolic rates go to great l engths t o  des cribe their phyaioal 
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restraint techniques . Calves in such situations mus t  be under 

considerable s tress whid• i n i tself is known to increase heat 

producti on ( Van Es , 1 972 ) . The pos t absorptive s tate in animals 

is reached af ter d i f f e rent pe rio ds o f  time . RQ 1 s  ( respiratory 

quo tients ) close to 0 . 7  o r  a complete fall off in methane production 

being the best ind i c a tors ( Bl axt er et al . , 1 962 ) . Wai ting for RQ 1 s  

to reach 0 . 70 can pu t the animal under consid erable  s tress from o ther 

sources and several workers sugges t  that rather than s tabili zing , 

heat production progress ively declines (Blaxter and Wood , 1 95 1 ; 

Mi tchell , 1 962 ) . IIolmes ancl Brierem ( 1 974 ) give some indica tioY'. 

of the s i ze of the inaccurac i e s  likely to creep into measurements of 

FHP over ex tens i ve fas t s , wi th pigs . Van Es ( 1 972 ) summari zes the 

effects  like ly to h1c 1·uw;e  FHP. 

1 ..  Measuremen i s  bed o w  c ri ti cal temperature (r:Jlmes and Mci ean , 1 975 ) 

2 .  Nerv ousnen::; ( Vm1 gs , 1 96 9 ;  !Uaxter et  al . ,  1 966 ) . 

3. De terminations before the post absorptive s tate  is reacned 

( Holmes ar1d Dav .)y , 1 976 ) . 

4 .. A c ti vi ty ( Brody and Kl eibe r , 1 944 ) . 

Analysis of a la rcl o ori es of fas ting metabolism measuremen ts 

similar to that undertak8n by Graham et al . ( 1 974 ) in sheep wi +;h the 

deriva ti on of a pre dic ti on equa tion for FHP encompassing metabolic 

weigh t ,  age , prior weight gain and pre-fas ting intake of energy would 

appear the bes t me thod to obtain s ome consis tency in measured FHP ' s . 

When Holmes and Davey ( 1 976 )  used the prediction equation ( 5 )  f•) r 

lambs of Graham e t  al.  \ 1 974 ) and subs ti tuted thei r  mean valu s for 

liveweight gain c...nd d iges tible em>rgy intake, predic ted values of FHP 

were very c lose to tho s e  m easured w i t h  c alves . 

Interpre tation of FHP can be diffi cult . 

I 
I 

1 
I 
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IIo lmos und Davey ( 1 976 ) revi ewing FHP ' s  in young 

·� :llves found ,-, bvi ous di s c re}.Jan ci e s  whe re FHP ' s wHre grea ter than 

the accepted maint enance figures -Lhu8 requiring Km values of greater 

than 1 OO%. Errors inho c.'Oll t in direc t und indirect calorimetri c 

measurement of HP wi l l als 0 apply hure ( Blax t e r ,  1 967 ) o  

The use of FliP for c u. J cu l a t ing maintenance has b e en cri ti cised 

recently by Webs ter e t  al . ( 1 974 )  on the grou nds that FHP does no t  

entirely reflec t s ome prt • perty of the animal . I t  is in part 

dependen.t on : 

i .  previous dietary history (Mc rttJon , 1 948 ; Graham e t  a l . ,  

1 974 ; M.i tchell , 1 Y62 ) . 

i i .  w:h e �;he r s tabi l i za t i on or a IJro,Tes s ive d ecline in HP s e t::> 

in ( B l ax t er and Wood , 1 95 1 ; Mi Lcl te ll , 1 962 ) . 

Metaboli c ad ,i uu -LmEmts under fas t ing w i l l d e pend on th e relat ive ar1oun ts 

of fat and pro L e i n  avai l ub l e to sus tai u me-Lub o l i sm and the ra tes nt 

which pro te i n und fa t were anabolized prl. o r  to s tarva tion , however 

neither fac t o r has any di re c t  b earing on me taboli sm during uninterrup ted 

growth. 

Fac tors Affo c tlng Mainh'HL nee 

1 .  Level of a c tivi ty (Ocu j i ,  1 9?4 ; Van Es , 1 972 ) . 

2 .  The i nfluence of body we igh t. Brody and Proc tor ( 1 932 ) and 

t(Leiber ( 1 932 ) independen tly came t o  the conc lus i on tha t basal 

me tab o l i c  ra t e ( BMR) per Kgx of bo d:y weigh-.:; , wht�re ' x '  was 

approxima tely { was relatively c ons tant ac�:-os s  many s pe cies of 

homeo therms and they promulga ted the u8 eful c onc ept of metabolic 

body size gen e rally accepted (Kl ciber , 1 96 5 ) . Although this 

c onsi s tency in adul t s  is gene rally a c c epted , it has l ong been known 

that BMR per kgi c an be much highe r in young animals (Brody, 1 945 ; 



. ... 

38. 

A . R . C . , 1 96 5 ;  Cooke , 1 968 ; Webs ter et al . ,  1 974 ) and there is reason 

to beli eve that this is  influenced by growth rat e  in the 

young o r  by the rate of tissue regeneration in adults (Brody, 

1 945 ; Graha.m e t  al . ,  1 974 ) . --- Van Es ( 1 972 ) cites Schiemenn ( 1 958 )  

who found 1 . 0 was more appropriate than 0 . 75 in fat tening s teers., 

At low body v1eights ( W )  the slopes of the exponential func tions 

w0 • 6 w0
• 75  and w0 • 9 change much more rapidly than at high values 

of W ( Van Es , 1 972 ) . 

3 .  Composition of the ration ( Blaxter, 1 974 ; Lofgreen and 

Garret ,  1 968). As menti oned earlier, Km, efficiency of utilization 

of energy use for maintenance , is a measure of the effi ci ency of 

utilization of the inge s t e d  food relative to those of body reserves 

in meeting the energy cos ts of maintenance. When an animal i s  given 

food HP wi ll  inc reas e above BMR because : 

i ) . The process of diges ti on , mas tication and propulsion of food 

in the alimentary tract requi res energy (Blaxter,  1 962 ; Baldwin, 

1 968 ; Osuj i , 1 974 ) . The cos t of this energy varies with the natm�e 

of the U.iet ( C�ruhmn d a l .  1 974 ) . 

ii ) .  Hea t u ri ::;j ng l' rom the a c t:L  vi ty of micro organisms - heat o£ 

fermc�nta ti on , um ... ll lly about 5- 1 O% of gross energy of food (McDonald, 

�-· , 1 973 ) . 

iii ) .  The energetic inefficiency by which absorbed nutrients are 

metaboli zed to provide ATP for mai.ntenanoe ( Blaxter , 1 962 ; Arrr.s trong 

and Blaxter, 1 957 ) . Numerous workers have shown that for maintenance 

the efficiency of utilization of ME from different dietary s ources 

vari es very li ttle whe ther the es timates were cal culated from calori-

metric or oomparativo slaughter data (Arms trong and Bla.'ltter, 1' 957 ; 

Armstrong e t  s.l . , 1 957 ; Brouwer t a.l . ,  1 96 1 ; Van EJs , 1 96 1 , 

�laxter, 1 96 1 , 1 �67 J A 1�1s trons, 1 964• Bluxter and Wainman, 1 964 ) . 

, 

,_ I 
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iv� o 'l'he influence of temperature ( Blax ter, 1 962 ; Ho lmes and 

McLean , 1 975 ; Webs ter e t  al . ,  1 970 ; Gonzale z-Jirnine z and Blax ter 

1 962 ; B l ax t er aml Wainrnan , 1 964 ) .  

v) . I nf luence of Neight and age ( Blax ter e t  al. , 1 966 ; Graham 

and Searl e ,  1 97 1 ; �rskov e t  al . ,  1 976 ) . 

vi ) . B e tween animal vari abi l i ty. Thi s may be as high as 5-1 0% 

Van Es ( 1 972 ) . There a l s o  appears t o  be b e tween breed variati ons 

( Webs ter et al . , 1 976 ; Vercoe and Fri s ch , 1 974 ) . 

Energy Retenti on - Produ c t i o n  

Ene rgy re tained i s  measured e i  t h e 1�  indirec tly b y  calorirne try 

b o th open c i rcui. t and di re c t, or d i re c t ly by cornparitive slaughter. 

Me tabo l i zab l e  energy is usually regres s ed agains t energy retention 
' 

as shown be l ow . EH = kg MEI - b .  ER and MEI are no t i ndependent i n  

balanc a type experiments b u t  are i nd ependent in s l aughter work .  

ER � Energy re tained 

k"' Ef fi c i e ncy o f  uti l i za ti on of M E  for growth ( fat and pro tein) 
0 

MEI = Me tab ol i z ab l e  energy intake 

b = An es tima ti on of NE • ID 
Reasons J' o r  po ns ibl e di s crepancies between kg- values mea sured by 

calori metry and s l aughter technique s : 

1 .  Animals confined t o  c alo rime ters perforu i n  thermoneutral 

environments compared wi th the l e s s  c o nfined slaughter animals sub j e c t  

t o  the day t o  day environmental fluc tua tions . 

2 . Cal orime tric balanc e s  and slaughter te chniques involve errors 

as previ ous ly men ti oned whi ch cover the s c ope of the diffe rence in kg 

measured by the two techniques (Howell e t  al. , 1 976 ) .  E.g.  c al o rime tric 

techni ques t end to underes timate faecal l osses c ons equently over

es tima ting ME intake and ene�gy r tention ( Blaxter, 1961) . 
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3. O ther variables as previously mentioned which affect  

'l'.ain tenanceo A comprehens ive coverage of fac tors affec ting the 

slope and intercept of  thi :.> regression equa tion w a s  given in the 

maintenance s e c ti on. 

Effic if-,n cy depends largely on the effic:i  ency of metabolic path

ways involved in fa t anl1 protein syn thesis from the a bsorbed nutrients 

( Blaxter, 1 962 ) . The pro c e::>ses of anabolism are more complicated and 

energy demanding than those  of catabolism (McDonald et  al . ,  1 973) ,  

because materials mus t be i n  the right proporti ons at the rieht time 

in the right placeo This complexi ty makes theoretical calculati ons 

of efficiency diffi cult ,  i f  indeed no t meaningl ess ( But tery and Boorman , 

1 976 ) . 

Fac tors Affecti ng K,; 

1 .  Storage o l' ent� rgy as pro tein or fat 

Pro tein pe rcen tage d8t :reases and fat percentage increasos as tht3 

animal appx·o<cches ma ture budy weight ( Blaxt ·, )r ,  1 966 ; Lofgreen and 

Garret ,  1 968 ; A . IL C . , 1 �J(, t_; ;  Graham and Searl e ,  1 972 ) . Blax ter et  al. , 

( 1 966 )  and Bal dwi n ( 1 968) claim the theoretical efficiency of pro tein 

synthesis is  s ligh tly greater than that of fattening, but when the 

energy costs of d qJosi tion are calculated according to the techni que 

first outlined by Kielanowski ( 1 96 5 )  the efficiency of pro tein 

deposition is l ess than that of fat depositi on and far more variabl e  

(Buttery and Barman, 1 976 ; Kielanowski , 1 976 ) also s e e  Table 2 . 2  

The discrepancy between the theoretical and measured value of effi ciency 

of protein deposi tion may be accounted fo1· partially by the process of 

protein turnover (Bu ttery e t  al . , 1 975 ; t4o lan, Norton and Leng, 1973) , 
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the excretion of excess nitrogen (Buttery and Boatman, 1 976 ) ,  the 

unlikehllood of  achi e7ing a completely balanced amino acid supply, 

and the trans port of amino acids . Kielanowski ( 1 976 ) found the 

measured cost of fat deposition agreed very closely to those deduced 

from biochemi cal c onsid erati ons (Arms trong, 1 969 ) .  Because nutritional 

balance t�ials tend to overestimate ni trogen retention and consequently 

underestimate the cost  of pro tein deposi tion, Kielanowski ( 1 976 ) only 

includes wi thin hi s quoted material, ni trogen retentions calculated 

by comparative slaughter. From the tables of Kielanowski ( 1 976 ) it 

appears that the energy cos t of pro tein deposition is lower in younger 

rather than older animals . This may be due to : 

1 .  The proporti on of amino ni trogen in total ni trogen in the 

b ody increasing with age . e .gA work with rats ci ted by Kielanowski , 1 976 . 

2 .  The frac tion of free amino acids i n  the body decreasing wi th 

advancing age due to the relative dec!'ease in body fluids .  This means 

the older animal retains more true protein than i ts younger counterpart 

for the same amount of ni trogen retained. 

Var1ous al terati ons have been mEde to  the original model as 

proposed by K ielanowski ( 1 96 5 ) : 
MEI = a Mn + b P + CF + i 

In energy balance techniques P + F = ER and ER = ME - HP 

s o  the so called independent variables are relateda 

MEI = M c tabolizable  energy intake, Mn is a maintenance term 

expressed ' " ' an exponent of body weight ,  P = protein deposition in 

(' g' or K .: , fi' = fat deposi ted (g  or KJ ) , a ,  b ,  c and i are constants, 

b represuu ting the cost of depositing a uni t of  protein (KJ/g or 

KJ/KJ ) , c ,  the similar coefficient for fat and ' i '  representing an 

intercept term. The necessi ty for the intercept term (McCracken, 
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1 973) , the meaning of the ma i n t enance.: t erm and the interdependence 

of the c o t.- rf i c i ents ( �r:Jkov and McDonald , 1 970 and Rat tray and Jcyc e ,  

1 976 ) have been commen te d on . The energetic effic:i encies of 

utili zation of ME for fat and protein deposi tion (KJ of fat or 

protein/KJ HE requi red X 1 00 )  measured by Rattray and Joyce ( 1 976 ) 

in sheep f ed a v&ri e ty uf die ts range from 76 . 7 - d2 . 3 and 1 0 . 4 -

20 . 5% respec tively . 1 t would appea1' from the literature even wi th 

the possi bl e  erro rs whi ch might be in trcduced ty high correlati ons 

between supposedly uncorrelated varia bles , that pro tein deposi tion 

is  much less effi < � i < ·n t Lhan that of fat . Most es timates of 

efficiency of u tili zation for total energy gain in ruminants 

determined by comparab v c..· slaughter lie in the range 30-50% 

( Lofgreen and Garre t ,  1 968) which would appear to correspond to 

composi ti onul c ltUHtjG t> l n l i  vewc i gh L {' · 1 in. Blax tc r  e t  al . ( 1 96 6 )  

using calo rimc L r i c  h�c l m i 4ues , Garre t ( 1 970 )  using slaughter 

techniques ( cu Ltlc ) ,  uncl C ralwm and ��oarl e ( 1 9?2 )  ( sheep) , using 

tri tiated >1a i, e r  to  es tima te energy ar,d pro t ein re tention found the 

effi c i ency uJ' enc l'tSY and pro tein uti .L i za t i o n  i n  the ruminan t  anima l 

varied J i t Ll e  w i th s tupu of grow th. Vun Es ( 1 967 )  inc luded 

percent euu rgy retul rwJ. u ::..; pro tein a� an i ndepend ent variable i n  

his regression equations ER/kg0o 75 
= aME/W0o 75 + bP + d ( bP = %  

pro tein, d = intercept )  and ob tained no improvement . .Along with 

B laxter et  al. ( 1 9G6 ) he �oncluded that w i thin the usual range of 

proporti on8 of pro tein and fat energy to total re tained energy 

during gro1• th ,  there is  littl e  to  be gained from establishing 

separate flfl'icienci es f o r  pro tein and fat deposi tion nor much change 

in kg du e Lo changes in composition of tissues deposi ted • 
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TABLE 2 . 2: Es timates of the ME cost  and efficiency of fat and pro tein deposi tion in differen t  animals 

Anime.ls 

Sheep 

Milk fed 

fh lk fed 
Early weaned 

concentrate 
(Rurr:.inant )  over 6 

rr.cnths 
(Rureinant ) over 6 

r:-.cnths 

Pigs 

Young mi lk fed 
Cas trates ( 30-90 k� ) 
Cas trates (2 5- 1 1 C )  
!"! :r·ov.·in�. ( 1 0-90 ) 

Grm·ring ( 1 C-90 ) 
Grovring ( 1 C-90) 

Rats  

* 

Calves 

Young milk fed 

Young milk fed 1 

32-145 kg1 

Method 

Com:r:arative 
slaughter 

Calorimetry 
Comparative 
slaughter 

1 1  

11  

11  

1 1  

Ca lorime t ry 
C c n: :para tive 

s l a ughter 

Calorime try 
Ccn:pa ra ti ve 

s l c. ughter 

Calorj_metry 
Cs.lorimetry 
Calorimetry 

Comparative 
slaughter 

Calorimetry 
Comparative 

slaughter 

Fat 
Deposition 
KJ ME/g 

63 

30 

48 

43 
49 

49 

5"-
52 

68 

59 
51 
56 

37 50 

Efficiency 
(%) 

61 

84 
80 

89 

79 

78 

71  
74 

57 

65  
76 
70 

1 00 
79 

Protein 
Deposition 
KJ ME/g 

30 

58 

68 

191 

1 14-225 

3 1  
6'7 I 46 
67 
54 

49 

53  
27  
48 

65  
44 
58 

• 

* Energy content of deposi ted protein assumed to be 23. 3Kj/g 
Energy content of deposi ted fat assumed to be 38. 9  Kj/g 

• • 

Efficiency S ource 
(%) 

78 

65  

34 

1 2  

10-20 

75 
34 
5 1  

35 
43 

48 

L4 
86 
48 

36 
54 

40 

• 

Kielanowski ( 1 965 )  

Walker & Norton (1970) 

�rskov & McDonald (1970) 

Rattray et  al . ( 1 974) 
Re.ttray & Joyce (1976 ) 

Kielanowski ( 1 96 5 )  
Ko tarbinska (1969 )  
Oslage e t  a.l . ( 1 970 ) 

Xi elanowski & Ko tarbinska ( 1 970) 
Thorbek (1970) 

Shc;.rm.s. & Young ( 1 970) 

Puller & Webs �e·r ( 1974) 
Mc Cracken (1973 )  
Schieman e t  al . ( 1 969 ) 

Donnelly ( 1 975 ) 
Holmes & Davey ( 1 976 ) 

Osinska (1974) 

• 

f 
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2.  Physiologi cal S tate 

Differences in efficiency exis t between non ruminants and 

ruminants because of the different end products of diges tion and the 

heat of fermentation involved in ruminant digesti on ( McDonald et al . , 

1 973; Blaxter,  1 962 ; Van Es , 1 967 ) . Graham and Searle ( 1 972b ) 

working wi th sheep from birth to two years of age , found effici. ency 

of energy and pro tein utilization declined at weaning from milk to 

s olids but o therwise did no t vary much with s tage of growth. A 

s imilar trend i s  apparent in cat tle,  by c omparing the kg values 

of Van Es ( 1 96�, Johnson ( 1 972 )  and Holmes and Davey ( 1 976 ) working 

wi th pre-rumi nant calves with those of Blax ter et al.  ( 1 966 ) working 

wi th older growi ng ruminant cat tle . 

3. Sex 

In compara tive slaugh ter trials  wi th cattle Garret ( 1 970) found 

no signifi cant d i ffe ren c e  between steers and hei fers in the effi c iency 

of utilisation of M t;  for growth , even though gains made by heifers 

contained h.i gh er levels of fat and l 1 i.gher concentrati ons of ener·gy/kg 

of gain. 

4 .,  Diet type 

Fac tors which affect the ME values of food ; crude fibre level 

(Blaxter, 1 974 ; Webs ter et al . , 1 974 ) ,  ration composition ( Blaxter 

1 962 ; Hovell  et  al . , 1 976 ) ,  prepara tion of  food, physical 

form, and l evel of feeding (McDonald et al . , 1 973) may also  affe c t  

the fo� in whi ch ME is  absorbed and hence possibly i ts effic iency 

of utili zation for production . As mentioned previously Hovel!  
I 

et al . ( 1 976 ) suggests  that the efficiency of utilization of 

acetate may be similar to the o �her VFA ' s  if an adequate supply of 
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a glucose precursor  is  available . Anoth er dietary factor is  the 

l evel of pro tein in the diet . Efficiency  of energy utili zation 

for gain decreases if e.nimals are fed diets of  high pro tein levels , e . g. 

( Donelly and Hutton, 1 976 and Van Es et al . ,  1 969)with calves , Hartsook 

and Hershberger ( 1 971 ) with rats and Walker and Norton ( 1 971 ) with 

lambs . 

5 .  No signifi cant  differences for any length of  time were found for 

' kg '  in animals undergoing compensatory growth ( �rskov et  al. , 1 976 ; 

Ch,<�f3,ham and Searl e ,  1 9?5 ) .  

Energy Retention per unit of Gain 

The energy composi tion of gain varies becauz e of the differing' 

levels of fat and pro tein consti tuting the gain . Factors affecting 

the compositi on ere stage of growth ( A . R . C . , 1 965 ; Lofgreen and 

Garrett , 1 968 ;  Graham and Searle , 1 97 1 ; Searl e �  1 970 ) ,  sex of  the 

animal (Garret ,  1 970 ) , diet type ( Donnelly and Hutton, 1 976 ; 

�rskov et  al . ,  1 976 ) ,  compensatory growth (Graham and Searle ,  1 975 ; 

�rskov et  al . , 1 976 ) and breed ( Searle and Griffith, 1 976 ) . 

Energy retained can be measured by calorime try both direct and 

indirect and comparative slaughter. For reasons mentioned earlier 

accuracy of measurements obtained by comparative s laughter are 

preferred. These  energy retentions are then used in a regression 

o f  liveweight gain on energy retention for  animal s at  the same s tage 

of growth. 

S ome misunderstanding may arise  over defini tion of terms . 

Energetic efficiency is  MJ ' s  retained/MJ ' s consumed (MJ = megaj oules ) 

while  feed conversion efficiency is  body weigh ·. gain/MJ ' s consumed. 
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TABLE 2 . 3 :  Maintenance expressed i n  MJ of metabolizable energy per unit metabolic weight 

Authority 

Blaxter and Wood ( 1 95 1 ) 
Bryant et al. ( 1 967 ) 
Brisson et  al. ( 1 957) 
Roy e t  al. (1 958) 
McGillard et  al . ( 1 96 9)  
Van Es et  al . T1 96 9 )  
Johnson (1 972 ) 
Davey and Holmes ( 1 975 )  
Vermorel e t  al. ( 1 974 ) 
Neergaard 1. ( 1 974 ) 
Neergaard 1 .  ( 1 974 ) 
Neergaard 1 .  ( 1 974 ) 
NRC ( 50 kg) a ( 1 971 ) 
ARC ( 50 kg ) ( 1 96 5 )  
Blaxter et al . ( 1 966 ) 
Webster et  al. ( 1 975 )  
Webs ter et  al . ( 1 976 ) 
Lofgreen & Garre ta l 1 968 ) 
Lofgreen & Garre tb 1 968) 
Lofgreen & Garretb 1 968) 
Ferrel et  al . ( 1 975 )  
Hedde & Knox ( 1 976 ) a 
Garret ( 1 970 ) 
Lofgreen & Garret ( 1 968 ) b 

( c )  
( c )  
( c )  
( c )  
( c )  
( c )  
( c )  
( c )  
( c )  
( c )  
( c )  
( c )  
( c )  
( c )  

( c )  
( c )  

( c )  

Maintenance MJ/kg0• 75  

0 . 58 
0 . 53 
0 . 50 
0. 56 
0 . 45 
0 . 45 
0 . 42 

0 . 37 - 0 . 4 1  
0 . 40 
0 • .1� 
0 . 43 
0 . 42 
o . 50 
0 . 63 
0 . 55 
0 . 62 
0 . 67 
0 . 54 
0 . 56 
0 . 43 
0 . 39 
0 . 57 (8-1 6  weeks ) 
0 . 48 
0 . 46 

Technique 

FHP Calorimetry 
Growth & balance ( LWG) 
Growth & balance ( LWG) 
Growth & balance (LWG) 
Growth & balance 
Energy balance Calorime try 
Comparative slaughter 
Energy balance Calorimetry 
Energy balance Calorimetrj
Open circuit  caJ.or.imetry 
Open circuit calorimetry 

Comparative slaughter 
FliP Calorimetry 
Energy balance Calorimetry 
Energy balance Calorimetry 
Energy balance Calorimetry 
Slaughter 
Slaughter. Heifers 
Slaughter. Heifers 
Comparative slaughter(mature covr , 
Energy balance 
Comparative slaughter 
Comparative s laughter 

Milk 
Milk 
Milk 
Milk 
Milk 
Milk* 
Milk 
Milk 
Milk* 

Diet 

Ruminant concentrate mixture 
Ruminant concentrate mixture 

Milk* 
Milk 
Ruminant concentrate mixture 
Non ruminant milk replacer 
Non ruminant milk replacer 
Heifers 1 00% roughage 
3 levels 1 00% roughage 
3 levels 2% roughage 
nonproduc tive ) Concentrate fed 
35% milk* 6 5% concentrate 
Heifers s teer concentrate ration 
3 levels 2 5% roughage 

a .  Maintenance calculated from the regression line of  MEI versus heat produc tion forced through the ' Y '  
intercept of 0 . 32 MJ/kg0 . 75 . 

b .  Calculated from data o f  Lofgreen and Garret ( 1 968) by use o f  the regression MEI o n  ER ,  maintenance 
being when ER = 0 .  

* Milk replacer. 
c .  Calves ( 40-260 kg) . 
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This is why Lofgreen and Garret ( 1 968 )  who use the latter term, appear to  

disagree with the general trend of work (Kielanowski , 1 976 ) which finds 

fattening energetically more efficient  than protein synthesis. The 

fat tening proc ess  is characteristically more efficient than protein 

deposition ,  but a fat tening animal requires more energy per uni t  of 

gain becaus e of the high energy densi ty of fat and because the fat 

free porti on of the gain is approximately 70% water (Rattray and 

Joyc e ,  1 976 ) .  I t  would appear therefore that gains relatively 

high in fat are more effi cient energetically but less efficient as 

feed conversion,  than gains of reln tively low levels of fat as 

found in young growing animals (Blaxter et al . ,  1 966 ) . 

Values for Maintenance in Cattle 

Values from the li terature for maintenance are shown in Table 2 . 3  

I t  should be pointed out that the NRC ( � 97 1 ) sys tem of energy 

requirements  foll ows that prepared by Lofgreen and Garret and all 

regressions of MEI versus HP are forced to intercept the ' Y' axis at 

This v1ill undoubtedly alter the maintenance 

requirement when compared wi th thos(o) of  o ther comparative s laughter 

experiments . In experiments w�ere the ac tual measured data determines 

the HP intercept, the BP intercept shouJ.d be comparable with 

energy balance de terminations of  maintenance . 

Animals confined to respirati on ch�mbers would be expected to 

have a lower maint enance than less c onfined more active animals 

subject to variati ons in environmental temperature (Hovell et  al . , 

1 976 ) .  It  would appea r also that diet type i s  of greater importance 

than earlier s tressed, a.s heifers between 2 30-500kg weight had 

maintenance values of . 56 MJ/kg0• 75 and . 43 MJ/kg0 • 75 on 1 00% and 2% 



48 . 

roughage "e s pe c t .i v e ly fed at low , m u t.l iur.t a nd ad li b . levels 

( Lo fgre er� a nd. Gar re t t ,  1 g6n ) . J'o s s  ' lJ l e reas o ns f o r  di s crepanc i e s  

i n  the E::u di e t· w ork w i  f . h  c a lv e s  ( Bl:u tel· a nd Woo d ,  1 95 1 ; Bryant 

et al . ,  1 ')67 ; Hri ss o 11 et a l . , 1 9':./: ; l{•)Y e t  al . , 1 958 ) may be du e 

t o :  

1 .  ' l'lte ::;mu l l  num be r  o i' calve s u s e d  by earl i e r  worke rs .  

2. 'l'he l 1 ea l L h  o r  t he expu ri mcm tu l  animals . 

3 . 'rhe f ac i l i t i t':J a v ai l u l!l e ,  l E: ng t h  of fast , past diet s ,  

:1ge a nd l iv ew • ) i. glli. ��·ain ( CralJam e t  a l . 1 974 ) . 

4 .  The use o r  l i. ve Ill<..i.!JS t o  iJ,;J :J e :J ::J  response t o  t reatment s 

( Johns on ,  1 972 ) . 

A . R . C .  ( 1  •)6? ) 1Ja:J eci  t l te i r e rw rgy r ) '! Lt.i r · em e nt s  o f  young calves o n  

t h e  f a s t  i n1 ;  lteu t p ro d u e  t j  o n s  measu r · .  J. L·y lllax t e r  a n d  Wo od ( 1 9J 1 ) 
o n  two c a l ves a mJ L l 10:. H� o r  fli l zman i dtd j o l ovos ( 1 943 ) who founn 

fast i ng ilua L p r· o d1 u· t j  nu d e c rc!&. s e d  a s  t i:e a n imal ma tured . Later 

work ( H o lmL;8 a nd DavE::y ,  1 • J7(J ; U r·ul 1am Et a l ,  1 974 ) sugge s t s  FHP 

may no t '.JE: as h i gh a s  f i r ·f: f. Lho ugh i . 

Com: i tl e; r i n1� L l 1 e  cJ UJ f� J · valuos i l l t he Table 2 . 3 those of vlebster 

e t  al . ( 1 < )'( ') , 1 �176 ) a r·u u ue x p l u i nn · Jly h i r_"h , We bster e t  al . 1 976 

go to gre:1 L l e ng L hs Le, r i nd po:J s j_ hlu reasons for their high values 

for mai u  '. enance cotnpared w .i th c o nt empoJ:ary values and o ffer no 

wo rthwhi le ex planat i ons . 

Minor d i scre pa nc i e s be t we e n  o Lhe r values may be du e t o : 

1 .  D i f fe rences j n  e s t ima t i on o f  e nergy re tention from 

cu l o r ime t r.i c  and s l augh h'l '  t echnique s . 

2 .  Die t t ypes wJ Lh d i ffe ri � ·  I( • , ... b 

3 .  Ways i n  whi c i J  rua i ni. e nanct.: w a s  e s t imat e d . 

The s e  po ints were dea l t  w l t h  p �evimlG ly . 
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'i'ABLE 2 • 4 : Values from the literature for effic iency of utilization of ME for gain and energy 
re tained per kg of gain 

Authority 

Holmes and Davey ( 1 976 ) *  

'-' i.u · :m (l 972 ) 

Van Es e t  al . ( 1 969 )*  

Arms trong ( 1 96 9 ) *  

Vermorel e t  al . ( 1 974 ) *  

:Te e::-gaard ( 1 S74 ) 

T,1alker & Norton ( 1 970 ) ..,.. 
( mi Ll( fed lame s )  

: le ·  J � � :.  9-.l . { 1 <;Jh e > 
·.ve o s  ter e t  al . ( 1 975 )  * 

.1/ec s ter e :  -" ,  ( ;  j70 ) .,.,. 

�lax .... er -"r '''" -i · c ·  ,,, ,.., r 1 :0�' 1 ) 
-- V . /V ...... _ ... ... � .O..J.. \ ' J 

I c +-.r regr · t� H - :'E: J.. � 1 ; 96(.., ; 
�JO fJ'TE:E-!1 J.. ._:a.� .._· ·_; J u \. :_�:-, ..; j  
Garre t ( 1 970 ) 

Hedde and Knox ( 1 974 ) 

Ferrel et al . ( 1 975 )  

Kg 

. 63 - . 7 1  

. 6 3 

. 69 

. 63 

. 69 

0. 52 

0 . 5 1  

0 . 57 

. r:s 

';:;('. 

. 7 J  

. 72 
• 5 1  
. 2 r=: 

• r -' 

. 47 

. 75 

. 40 

ER/kg LWG 

1 6 . 1 2  

1 { . 4 €  
1 4 . 4 5 

8 . 79 

20 . 65 

?hysio.log1cal 
State 

Pre rumine.nt 

" 

n 

11 

n 

Rumi na!:! t 
,, 

�'.J�i�El'_J: ( S -'- 9 �Tco ' 
:c·..<=:"i. c� :r: t 

Y· �·-:..._::.: _:.�'1.::.. r -= ... 

?�J !:1i-:1�.:: i: ( s .J ::; s..:"'s _) 
T:""..:i Y',;. � :· -� -2 i . -.:: 

::12 :.�1�-- ... ·, hc1. . 9 .... 2 I 

Ruminant ( he ifers ) 
Transitional 

Non pregnant heifers 

Age or· 
weight 

40 days 

:.-24 d.<tys 
40-1 50 kg 

40-1 60 kg 

1 1 5-260 kg 
,. 

n 

5 kg 

01'-300 :..::g 
:::c- ' :3C kg 
' CC- 1 9C kg 
�C0-5C. , tg 

2 �0- ;L. ·J -6 

� 3C-5' " · �- 6· 

1 93-433 kg 

2-4 months 

* P,j thGr d:L .:· -"c :. - , r indi r e c t  calorime �T'y. The remainder comparative slaughter. 

Comments 

0 . 62/day 

0. 69/day 
Rapid growth 

Papid gro1·1th 

Concentrate & rougrEge diet 

1 1  

1 1  

0 . 1 6/day 

30 rov.gha4'e 

Rapi d  grm·rtn 

Rapi d  6ro:-T th 

: oc-��( rli. .;? t  roughags 

2% j"'(,\..i@;�·LLf;e 

1 5% roughage & concentrate 
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Produc tion 

Trends in (Kg) valu es follow the same trends found in sheep 

by Graham ar1d S ea d e  ( 1 S'12 ) with higher values preweaning l evelling 

off pos t-weaning t o  I:J fa.i. rly cons tant value , independent of live

weight.  The d i f  ft: nmce.J in Kg val ue � wi th the different l evels 

of roughage are very rn1nk ud ( Lofgreen and Garre t ,  1 968 ) . Apart 

from the errors involved in cal orimetric determination of ER 

( Blaxter,  1 967 ) i t  m u s t  be remembered corr:parative slaughter trials 

use digesta freu body weigh t and body wcj_c;ht gains for their energy 

balance det ermina t i ons, unlike calorime try, where liveweight and 

li veweight ga i ns i nd epend ent of gut fill are not used.,Blaxter et al . 

( 1 96 6 )  demons tro -Lutl mathematically tbat scaling of me tabolic 

observa tioHs i n  whi ch lJ j ffering amoun Ls of food are given to ruminants 

by a s caling pa r·amL' tur l 'nsed on l ivew eigh t can lead to overes timation 

of  efficierH.:iud of feed u tili zation C·L.t.x. L L.. I' e t  al . , 1 966 ) .  O ther 

possible c auses of vari a ti on in resul ts have been discussed earlier 

and include di e t  ty �e , tissue being laid down, s tage of growth , diet 

preparation and i n take . 

Protein Reguiremun t of' Young Calves 

Mos t es tima t es of pro tein requirements in calves have been 

determined either as : 

1 o That level of pro tein intake above which no fur·ther 

increase in some measured cri teri on such as liveweight i s  

achieved 

E . g . Thu point at wl1ich nitrogen re tention ceases to increase 

wi th iuereasing r)rotein inte.ke (Donnelly and Hu tton, 1 976 ; 

Stobo and Roy, 1 973 ; with calves , Black 1 970 ; Black .�t al. 

1 973 ; and Black and Griffi ths , 1 97 5  wi th sheep ) o 
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Donnelly ( · 975 ) pre s en L u  an exc e l l en t  r e vi e w  of the techniques and 

their as s o r : ia t tJd e n·ors used in es tiwa ting protein requirements . 

The s e  t ype o f  l! �; t i. ma t e s  are appl i c a ble only to the very limi ted 

condi ti ens i m:pCJ � u u  Ll y  U , c. pa r t i cular experiments ar1d c ould therefore 

vary widely b(, tw t:· • n UXJh; rimcn t s o  T i' l l ov;<;ver the to tal requirements 

of the t i :..; sue i ' O.L'  'lLti no a c id ::: is know n ( s ee review Lewis and IJ!"i t chell , 

1 976 ) i t  may be  !)ll :3 � i 1 l t ' Lo a c cura tely fort:;u late diets by using 

es timates of l..he: n v u i L  I•  i_ l i Ly of mnino a c i d s  from different feed 

s tuffs . 

Requj.rem• :n 1  o r  L .i �li3Ue fur pro tein ruc..y be es timated from 

feedi ng b · i al :.:;  by uwa s 1 u·j ng response in N retenti on to changes in 

pro tein in tab i i' : 

( a ) U bS O l ' [. i  l , j  UU u l'  1 m j  no ILC i r k> t ! : t n  be acc ura tely assessed ; 

( b )  • 'fi ' j  (; j L t l t;y nJ' L L .t l i �a tion � ) ! t h e  abso r b e< l amino ac ids 

is  taken intu U t · c o wJ I . . 

Effic iun l u t:i J i :,u l 1 on o l' a b s o r lJ •cd ami no ac i c. s  depends on : 

1 .  How c J o ::; t ; L y  Ll 1 1 :  amount un•l po t t e rn of absorbed amino ·.tcid 

meets the l'l:tp < i l· �:;m · t . � � ;  t ) J .  i l l\.' uni Jnl t !  ' ::;  tissue. 

2 . 1'11e a v a _i J : t l > i  l t.y o l' ene rcy J D  U b i o logica lly SUi teblc form 

in  rela ti · n t u  I . J H · mhi 11 u c j  d ubso1· ,  Li on . 

3. 'l'he uvail a b i J j  Ly of cer tui n m i c ro nutrients which are 

required ei th •. 1· • l i re et I y in the fol'!na tion of peptide bonds or in 

o ther reae ti ow.J i nv u J  \ c.d j n nmi uo [l e · id me tab o l i sm or ATP produc tion. 

To o btain a c o n c L. <J definition of the tissue requiremeHts of 

animals f or nj tl·ut,t... uou c0mpounds i L is essential to define : 

(a ) 'l'l le t o tal n i L l'O�l'n 1·e qui r1 m ,�ui. of the animals . 

( b ) 'L'hc min i mum �t bou t of thi s total N requirement which mus t 

be suppJ i <- d f ro01 e : t c l i  o l' t.lle essen L.i.al amino acids , and how 

( c )  these requi.t't J i len ts are in · 'luenced by the physiological 

s tate  of the u nima l and lhe environmental condi tions . 
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Bb .ck tl_al . ( 1 973 )  propos ed a me tho d of measuring N 

requiremc-.1 ts for lambs which may al :� o be appropriate for calves whi�h 

expresses these r e qui rowm �s in term:"3 of reference pro tein ( maximum 

ni trogen re ten ti on + to tal endogenous N loss X 6 . 2 5 ) ,  as the 

precise _re q llirelllu nts fo r essential amino acids of the growing 

animal i n  q u e s tion are as ye t undetermined. Crude pro tein ( CP) 

may be es timate d from referenc e pro t e i n  by the following calculation : 

C . P req. g R ef . pro tein X 
1 /Efficiency of c onversi on 

of absorbed amino acids 
to pro tein 

X 
1 / Efficiency of a bsorption 

of the amino a cids of 
crude protein 

Requirem( n �c u r e  uuually expressed us grams of reference pro tein/MJ NE 

this being done o n  thE:  ass ump tion t hn t :  

1 • N ba l<� u c e  t:i v u s  an accura Le estima te of N retained 

( Black e t  n l . , 1 973 ) . 

2 .  Bndocc nous l o sses can be cal cula ted by extrapolation to  
zero N i n talw ( Carr e t  a l . , 1 97 5 ;  Black and Griffi th , 1 975 ) .  

3 .  The o uligatory N los ses/k:r:0• 
7 5  wi ll b e  c ons tant over the 

ru.nge oJ' dltJ L :.J and liveWO .Lgh tu in quos tion . 

4. The energy requi red for muintenance/kg0 • 75 will be cons tant 

over the range of liv ewei.gh ts and d iets in que s tion . 
Blaxter et al . 1 966 ) . 

5 .  The efficiel lcy of utili zati on o f  ME for maintenanc e and 

pl·oduction wi l l  be cons tan t over the range of diets and 

livewelght in ques ti on . Errors in the method are di scussed 

in detail by Black, et al . ( 1 973 ) . 
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Possible Di fferences between non ruminants and ruminants 

Factors which may be involved here are : 

1 .  Effec t of  abso rption of VFA ' s ins tead of carbohydr�tes and 

long chain fatty acids on the amino ac id (AA) metaboli sm of animals . 

2 . Gluconeogeni c reac ti ons involving subs tan tial amounts of  

AA ' s  - so pro tein requirements/uni t of ME may be higher than for 

non ruminants ( Lewi s and Mitchell , 1 976 ) . 

3 g  Absorpti on of d ifferent end products of diges tion may l ead 

to alterati ons in secretion of hormones whi ch influence amino acid 

metabolism . 

4 . AlJ owing for the difference in gut fill between the ruminant  

and non  ruminant calf (Johnson , 1 972 ; Stobo and Roy, 1 964 ) .  

B ecause max imum N balance of animals is  dependent on energy 
. 

.��. .. ...:;: intake i t  is important to s pecify energy intake as well as pro tein 

intake when d efining prot ein requiremen Ls  (Black et '-al . , 1 973 ;  Carr 

e t  al . �  1 97 5 ; Preston, 1 966 ; Bal ch, 1 967 , �rskov,,� 1 970) . The 

technique used by Bla ck and Griffi th ( 1 975 ) whi ch is a further 

development of the technique first developed by Hegsted ( 1 964 ) 

represents the overall relationship between N balance and pro tein intake 

as a s t ep wis e linea r regressi on as shown below in Fig, 2 . 2 

K 

Response 
L 

Dose 

The relationship between dose and response ( Hegsted , 1 9�4 ) 
whe re ' b '  is inc rease in gain with extra dige stible N intake , 
K the maximum gain and 1 the minimwn intake o f  digestible N 
for maximum gain. 



b represents rate of gain wi th each extra uni t of N intake.  

K represents the maximum gain and ' 1 '  the minimum level of N 

to achieve thi s gain. Leas t squares analysis was used to fi t 
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the two linear func ti ons. O ther estimations of to tal N requirement 

may be criticised on the basis that they do no t take into account 

the effec ts of' both weight and me taboli zable energy intake. Fig.  2 . 3  

shows the fi t ted relati onship developed by Black and Griffi th 

( 1 975) . 

� 
.. V c .. 

lii 
A 
z 

12 

0 

��._------------2 
...:; .: - - - - - - - - - -+ 

__!'. :_  - - - -2 ...:; : • - • - - • - · 2  
..-: ·  

s 10 

���------------ �.,t 
- - - 8 

1 5  20 
N Intake (gjd) 

25 

Fitted relationahip between nitrogen balance and N Intake for l!quid-fed lambs di�erina 
in live weight (-, s kg ; - - - - -, 15 kg ; - - - ., 25 kg) und metabohzubh: energy (ME) m take 
(MJ/d). 

Prom Black and Griffiths ( 1 975 ) 
To tal N requirement (g/d) = aME - bw0• 75 - cw0· 75 X · ME + 

d(w0· 75 ) 2 where w0 • 75 is body weight to the power 0 . 75 and ME is  

metaboli zable energy intake ,  a ,  b ,  c ,  d being constants (Black and 

Griffi th, 1 975 ) . Summarizing Black and Griffi th ' s  ( 1 975) findings : 
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1 .  When N intakto wc.. s insuffici en t , then ni trogen retention 

was independent o f  ME intake , similar to the findings of ( Munro ,  1 964) . 

2 .  Under ade �ua t c  protein absorp tion - ni trogen retention i s  

influenced b y  l iveweigh t  ( Pres ton , 1 966 ; 9'\rskov, 1 970 ) . 

3 .  To val endobenous l o s s  of N ,  by ex trapola ti on to zero 

intake, is propor tional to w0 • 75 ( metc bolic body weight ) and is similar 

to the findings of Ca rr e t  al . ,  ( 1 975 ) . 

4 . When N ab s orp t i on wa s i n  excess of re�uirements , N retention 

was unaffec ted by N abs o rption,  but l inearly related t o  ME intake in 

fed animal s of t h 8  saffi8 �eight . Similar findings have been reported 

for milk fed calves (Bl 1a ter and Wood ,  1 952 ) . These  results suggest 

that for ME i n takc:·s g r o u  L e r  than tho s e  needed for positive N balance 

a cons tant propor ti on o f  M E  intake i s  used in pro tein synthesis for 

animals of uny given w ej t;J t t . 

5 o  For· animals  reL� G i  v ing excess ive ni trogen intakes and cons tant 

ME intake ni t rot;en re t enti on decreas ed as body weight increased . This 

would indi cate less o f  L l n:;  ene rgy ava i labl e  for growth was directed 

tovTards pro Leln sy n thee i .J , and mo1·e ��as direc ted towards l i pogenesis ,  

as the animalo be cume l l vcl V i n r . Gral t : tJn rmd Searl e ( 1 972 ) in 

calorime tri c s tudi e s  wj th sheep a nd < : :n 'L l E: found the frac tion of 

energy s torage that appea rs in pro tei n decreases from 30-35% at l ow 

body weigh ts to 1 0-1 5% :i n  ful ly grown animals . 

6 .  The relationshi p  between N re�uirement/unit M E  intake and 

intake (ME/kg0 • 75 ) is curvilinear and asymptotic values which are a 

function of liveweigh t decreas e as l ive weight increas es . 

Because of the l u r .:_::e vari:.1tion i n  the effici ency of utiliza ti on 

of ME in lambs and dif fv eences in thr: par·ti ti oning of ME used,  
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d epending on c o ld s t r e s s , amount of exercise , and other fac t ors 

and becaus e ove r a l l  p r'cdlctions nn ed t o  b e  appli cable to ruminan ts 

N requiren:en t s  are e x p J'G�3 8 ed in t e rms of NE ( ne t enc v·gy) rather than 

ME, e . g. 

aNE - bW0• 75 - cw0 • 75 X NE 

+ d ( 1tp . 7 5 )
" 

where a ,  b ,  c ,  and d ure cons Lan ts . 

N requj r ement i s  usu a lly mul t i p l i e d  by 6 . 2 5 anQ express ed as 

g reference pro tein/MJ litE in take i n  the d i e t .  A s  s tated earl ier 

thes e relati onshi ps were deve l ope d f o r  lambs but there appears no 

reason why thr se ca n u o t  b�.:: developed for calves . 

Donnelly an cl l l u. I.Lon \ 1 976 ) w c rL i ng  wi th pre,ruminant calves als o 

used the t echni qu e o l' Ilet��d ,ed ( 1 964 ) a:.; �v el l as com:r:;arativ e s l aught er 

to s tudy the el' f e l.! t s  o f  d i l'Ln·ing l e v el s  o l' d i e tary pro tein and 

energy in growt}J . [<'c; ,�ding l e·v c J  s w e re adjus teC. to achi eve two 

targe t rates o r  c�tti n . ' l ' l tu dige s tild l i  ty of DM vras unaffec t ed by 

pro t ei n  canc c e n  L ra ti on , J'ueding lE!v el or age , whE: reas the dige s ti nili ty 

of ni trogen inl rva:.:lt.Hl cur·vl liuoarly >vi th increasing die tary !I'OiBin percentage . 

Simi lar resul L s  have b u e tl c u c o r·ded by h�uy e t  al . ( 1 970 ) , Raven ( 1 972 ) ,  

and Lis ter qnd Loclge ( 1 ':JTj ) • Bo th bouy we ight and pro tein gains 

shov1ed s imi. ·· 11 1· pa 1. L t : r n �  of r es pons e to variati ons in pro tein and 

energy inte '''"" • but. for maximum pro tein gain, pro tein requirements 

were highe:c t.han fo r max i mum body weight gains . :r.1u1 tiple regres s i ons 

were used to pres en t the Jata sim i lar to e�uations publ i shed by 

Andrews and i1rskov ( 1 970H , 1 970b ) and Chiou and Jordan ( 1 97 3 )  for 

similar c oned b ons wl th the ruminant and pre ruminant l ambs .  

Body \� c L gh L  gai n = aP - bP
2 + ( cP X DE) - d 

( a ,  b ,  c and d are c ons tants ) 
Pro t e in gain = lP - mP

2 + nP X DE - 0 

( 1 ,  m. � and 0 ure cons tan ts ) . 



57. 

DE = diges tib l e energy ln take (MJ/a )  and P i s  percentage pro tein 

in the DM . Wi th t h e  increa s i ng c os t  of pro tein component s  of 

feed ,  c ons id e ra t i on o f  L h e  a bove type of relati onships when derivi ng 

rations may be of im]Jor Lancc . For l ean mea t production ,  requj_remt:nts 

for diges ti bl e protein could be based o n  des i red pro tein gai n. 

Donnelly <..md Hut ton ( 1 976 ) p re s en ted the effe c t  of protein 

level on ene rgy u ti l i zatlou as a mode l . Fig. 2 . 4 . 

'l'he r e J.a t i u ns.h i p  tJc L W \J en da i ly e ne rgy intake and 

pro tein c o utent o J '  tlle re e d .  ( �·'rom Donnel ly and 

Hut t o n ,  pe r-�3 . c omm . ) 

HlUll  C HOUP 

26- J ig8 s  L ible erw 1 ·gy intake 1-----------------------------�--------------, 
22J-----------��/�------------ --

l.U' J.ne e ucl't'!.'Y_, 

1 8. 

1 4  

1 0  -

h eu L Jli'OU LH.: L t on 

6 ----:::rt�Y t'u kdneri as fu t 

2 • J J H J  t'I �Y r ·c L.t i 1 1 u d  a :� pro i.t.: .i 1 1  

---. 
-

Heat pro duc tions were h i ghes t for calves fed the d i e ts of extrerre 

pro tein c o n t ent . Ha rt s ook and He rshberger ( 1 97 1 ) wi th rats , 

Walker and N o r t on ( 1 9'( 1 ) wl th lambs , and Van Es et  al . ( 1 969)  wi th 

calves ,  s ubs tant i a te ih L G  finding . More fat was retained on the 

di e ts of .:. ow-mid pro tej u c onc en t rati o n than thos e of higher pro tein 

content i . .d i ca ting pre i'e rentia l  uses of energy for growth of  lean 

body ti s sue , but where pro t ein intake res tricted this , the s torage 
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of energy as fat o  Andrews and �rskov, ( 1 960 ) ,  Jagusch e t  al . ( 1 970 )  

and Norton e t  al. ( 1 970 ) have previou s ly altered the c hemi cal 

composi tion of t he b o d i e s  of p re ruminant and ruminants lambs by 

varying pro t e i n  in Luk e ,  v1l t i l e  13ovlman e t  al . ( 1 965 ) found that by lower-

ing the c onc entra t i on o f  lJ t ·o t e i n  in the ra tion ( o f  calves ) the 

propo rtion of e d i b l u  pro t e t n  i n  the ca rcas e i s  reduced and that o f  

fat increased.  

Bearing i n  mind the previous discw:�sion it  is  vi r tuall y  

impossible e o  pre s en t lJr u l c:in requi rements o f  young calves unless 

their age , livew e igh t ,  <Jn,;ri;Y intak e  rel a tive to that  of pro tein, 

proj ected r .'l  t ; e  of Gai n  ( com pos i 1 . .i e n  of �-ain) and physical environment 

are known. I n  Ta L l e  p rcuen t u t i on of digestible ni trogen 

requirement o f  c u l ve:0 i s  u c c cJmpani eu where possible by i ts 

c omplemen l ary i n pu t datu . Park t,r and IIu tton ( 1 976) like previ ous 

workers with s h e e p  ( Andrew s and �rskov ,  1 970a, 1 970b ; Jagusch et al . 

1970 ; Norton e t  al . ( 1 970 ) , no l ed the body compositi onal chru tges 

brought about by varying tlJ<: pro tein : energy ratios and al so 

ac companyi ng changes in L lw u t i l i z a t i on o f  b o th nutri ents ancl s tre s s  

the importance of the pro tein : ene rgy in t erac t i on. The energy 

content of the d i ges ta f 'ree b ody w e igh t  gained during the tria l  o f  

Donnelly and Hut ton ( 1 976 ) decreas ed from 1 2 . 37 MJ/kg on the 1 6% 

pro tein die t  to 9 . 3 1 MJ/kg on tho 32% pro tein diet. This represents 

a change in energy s to rug( as fat from 70% to 5 1 %  respectively. 

More detai l ed ex pe rim�u L�- i nc orpora t i ng slaughter techniques , the 

es timation me thods of ll er d.ed ( 1 964) , realistic proj ected live weight 

gains , at varying intulH�:i of different p:r·otein to energy ratios diets 

are needed before defini t �  ve pro tein requil·ements can be presented. 
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TABLE 2 . 5 :  Diges tible N requirements o f  young calves • 

Energy Intake 
Proj ected DMI Liveweight 

Physi cal S tate LWG kg/day Age g/kg0 . 75  Digeat,j,�le 
MJ/kg ' 0 I • uiean kg 

Ruminant 1 . o  1 0-1 8 wks . 75-90 

RUI!;ina:r� t . 75 �-- 1 2  wks . ee 

Rur:,inan t . 6 5  - 86 
R.-o.rrinant . 55  - 78 

Rwninant O . L5 - 92 

Non rlliliinan t 0 . 6 1  2- 9 wks . 

C . 83 � -9 wks . 

Non ruminant 0 . 50 

Non ruminant 0 . 5 

Non rumina r_t 0 . 80 69  

Ncr.. ruminant 0. 30 35 

1 • 1 8  - 1 • :53 

1 . 1 9 - 1 . 2 1  

1 .  i 0 
C . ?S 

-

-

o. ss 

0 . 89 

1 . 27 

0 . 63 

1 23 

64--58 

1 00 
75 

90 

40-70 

40-70 

50 

50 

40 
45 

Protein Digestible 
N requirement 

(g/d) 

56 

C . P . 
1 f:: . 7g/kg DM 

/ I:'  ... 1 ..) 

2E 

2 1  '1 

27 \ 
I 

:58 ) ) 
) 

: a  

20 

33 

2G 

Neasurement Tech!:d. quc -· 

C'oli!I!ients and author 

---· �·-

Stobo & Ro;r ( 1 973)  only 4 cah P. d  
a t  3 levels o f  pro t ein NR rersm. 
ADN. 

S t o 1� o  & �oy ( 1 q67) 1.ivewe i _,.,.'! t r ''  

� �'2 t c:s t s  'i'· -:; ·:-. ;_ \i��: � 

· � 0 ( 1 C66 ) Pe! � :n: tri a l s .  - · .1 .. �' ' _., -

Jar ims r  ( 1 S;C2) Livev:n�' t reS} �r�::- e 
fF-ed i:.-:G t r i a l s ,  
kR: ( 1 9E � )  F& c�ori &J aFproact 

Parker & But ton ( 1 976 ) - us e 
of Eegsted ( 1 964 ) retenti cn 
versus intake app�oach . Al sr· 
comr;a ra tiv e s l � ,�:t � c. l· ,  
Jac: e;b s on ( 1 969 ) . SuEI!'ary p�·.:''Ji. o u  
vJ Orkers 

ARC ( 1 96 5 )  ( Fac t oria l )  

NRC ( 1 97 1 ) 

NRC ( 1 971 ) 
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Twe l ve .i<' l·i c::;j un l , 1 d J cu l v t) ::;  .v e r c ·  reared i n  pa i rs at the rat e 

of one pai r pe t' • w ed, l 'rou1 ml d JVJu l'c l t  un t i l  t ho end o f  April o n  t h e  

Mass ey U ni v e r:J 1 l .y  t 0 1v n  Hri lk :..> u p pJ y f: ;  nu . l�uch  ca l f  remai ned three 

days on i t ::; nJu Ll i " J '  ; u :<i .ds thu1 1  rv : t l' · J  o n  vlho l e  mi lk to gai n  0 . 5 kg/ day 

wi th p e ll e L e d  c o l lc L: n L I 'il l. t ·  IJl� j n, �  L· L·<�L: l .Y ;1 v1:1. l ln b l e  throughout .  I n  

thei r t h i rd W l ' cl: t 1 1 ,  , ; ; 1 ! V t..! �J lrl < ) l'lc ai• J \' · < i t o  t h e Mas s ey Univ e rs i ty 

Animal Phy . : j_ u l t l  ·:.v i J n j_ l .  

3 . 2 LEVEL OF l•' i•: t>.; n  I �� � ; 

The e x Jl� r i mlJ L l L vl il:J k G L "� Jell so 1 � 1a L  t 1 t e  ca lve s o n  a low l L: vel  

o f  int ake ( L ) und u l 1 i  ·; ! 1  [ , : vt..d ( 1 1 )  l·J �> · • l · l t·,: c e i ve su ffi c i ent e ne rgy t o  

allow f o r  I J !IL i. t J I . • , I Iu tw l '  J J I I I �l Lt C ) , , " .. d, u u · t.v a nd O . 'f ') kg/day livewe ight 

ga i n  res po c t . i  v ,  l .Y .  f\ J l uWil t t c u u  'i 1 •  1 . < '  t·ms o f  JV!E we1·e c a l culated us i ng  

e s t ima tes 1o c l i 1 •� J•IJ•: v < � l t w o f  mi l k  ; 1 , ·  . ' . d2 1'-'l,l ME/kg and t ha t  fo r meal 

of 1 1 . 84 [Vl.J l'll!:/lq� ( l lol u t c;;.:; and Davey , i Y' 7 C) )  •,vi L h  an estima t e d  c o s t  of 

mai nt e na nc u  o l' 0 . ,1 1  NJ Jli l�/ kg0 • 7'j ( Uuvey , 1 9'/ 4 ) . The e ne rgy co st s pe r 

uni t o f  L1vt; ( l i ve w c j i'·J < t  ga i n ) 1 '"5 . )  �1. 1 HI<.;/kg ( IT )  and 1 1 . 4 MJ ME/kg ( L )  

were also N J L i ma L e ;.:; rr,);,, l l o l mu s  c.mJ l i..t v ey ( 1 976 ) . 

The . �·enc) ra l o u 'L J i J � < �  j_ ::.;  sl1o w u  .i J l l•'igure 3 . 1 o The calves we re 

randomly a L l o c u L � d  tu ' i  tl i L' f ' a l ti r.:-JJ , , e l o w  level of intake calculated 

as above L .o  ; � l  LOl'l L i l t •  , . ,. , I v 0 s  lCJ L�a i l l  1 1 . '/ 'J 1Q:1' ( H ) o r  0 . 25 kg ( L )  pe r day . 
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Once a calf was allocated to a high ( H ) or low ( L )  treatment it remained 

on this tre '.i tment even if undergoing a second balance . 

3 . 4  FEEDS ANI) FEEDING 

Quality of Feed 

The calves were fed throughout the experiment on Friesian milk 

from the Massey No . 1  Dai ry Farm. Milk was collected daily at 8 . 00am . , 

and when calves were i n  the calorimeter a separate consignment suffi cient 

t o  last the calorimetri c balance for each calf was col lected at t he start 

of the balance and stored in a chi l ler at 3° C .  

Meal was provided by Northern Roller Mills in the pe lleted form 

s imilar to proprietary weaning pellets marketed by this firm. Chemical 

composi tion was found to  be as fol lows : 

Material Prot ein % Fat % 
milk Gross Energy 

Milk (a ) 3 . 36 + • 1 4 4 . 0 + . 1 0  3 . 08 ± o . os 

Pelleted concentrate (b ) 1 8 . 32 + 0 . 33 1 7 . 87 ± 0 . 49 

( a ) E stimates average over the nine calorimetric balance 
periods for liquid milk. 

( b )  Estimat es presented per unit of DM . 

Feeding 

At the end of each week calves were weighed and their feed 

requirements determined for the following week on the basis of that 

liveweight unless they were in a balance period . Milk was weighed 

out in  individual tared galvanised bucket s  fo r each calf and fed at 

8. 30am. each morni ng . Across the to� of  the feeding buckets a 

t hree inch wide strip of galvanised tin was welded to  1support 
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cent ra l ly a teat conne c t ed by c lear plas t i c  tubing t o  a uni di re c t i onal 

brass bal l  va lve . This ensured t hat mi lk spi llage from t h e  c a lves 

mouth found i t s  way ba ck int o  t he bucket . 1 0ml . o f  we l l  mixe d . mi lk 

was samp l e
,
d a t  each fe eding for e ach calf undergoi ng calorimet ri c  

balances . Al l bucke t s  were ins e r t ed i n  a large hea t e d  wat e r  bat h  

s o  mi lk w a s  a pproxima t e ly 38° C  be fo re feedi ng .  Bu cke t s  and t eat s 

after comp l e t io n  o f  fe eding we re s c rubbed in ho t wa t e r  c o ntaini ng a 

detergent and sani ti s e r  and then rins e d  and left to dry on a c lean 

bench. 

Prio r  t o  mi lk feeding, p e l l e t  refusa l s  from t h e  previous day ( i f  

any ) , w e r e  w eighed a n d  a subsampl e  taken fo r dry ma t t er ( DM )  d e t e rmination. 

Pel le t s  w e r e  then we ighed into a tared bu cket and a dde d to each c a l f ' s  

individual bucke t . Each day a handful o f  pe l l ets was weighed out for 

DM det e rminati o ns and another two handfuls were pu t as i de t o  bu �k for 

energy a nd pro t ei n  d e t ermina t i ons fo r the calves i n  t he calorimet e r .  

C lean wa t er was avai lable a t  a l l  t ime s . 

We ighing 

Calves were w eighed on nrrival at the Animal Phys i o logy Unit and 

at weekly i ntervals t he reafter . We ighing was done pefo�e feeding 

.at 8 . 1 5am . on a po rtable Ave ry wei ghing pla tfo rm a c curat e t o  0 , 2 5  kg . 

Livewe ight was measure d over thre e we e ks ( including the bala nc e pe ri o d ) 
in whi c h  di e tary a l l o wanc es were unal t e red � 

Calf hea l t h  

Calves were kept under survei l lance fo r scouring and any o ther 

outward s i gns of poo r  hea lth . 



Calf Housing and Cal o rim e t ry 

Al l ca lve s  when no L in the culorime ter  we re kept in metabolism 

crates in a control led t em pe ra tu re ro om for the duration of the 

experiment . Ambie nt te!l lpe ra Lu rc was ma i nt ained at 1 7
°

C ± 1
°

C .  

I n  the fi rs t balunce one o f  t wo c a l ve s  either a ( H )  o r  a ( 1 )  
was assigned at rami om t o  c a l o ri me t e r  one i ts :pair mat e  occupying 

qalorimet er two . In  a ny Lwo su c c e s sive balances in either 

calorimeter n o  L wo c a l v e s  o f  a s imi lar di etary treatment followed 

each other, i . e . IJ foll owed. 1 or vi ce versa . Thi s helped to  

randomi ze any un c o rre c t ed oys t ema t i c  e rro rs , for example : 

Ba lance 

Balance � 

Balance ) 

Ca lo rime t e r  1 

' ! 'rea t lne nt ll 

'F rca t ment 1 

'l' rea tment H 

Calorimeter 1 

Treatment 1 
Treatment H 

Treatment 1 

64.  

3 . 5 Operati on of tl tu Ca] o l':i ru c L c rs 

..... 

Each calorime bu· c o , , : ; i. s  Led o f  a clmmb01· of galvanised sheet metal 

on a rigid s t e e l  f rame w n t·k 1 . 7 m  X 0 . 7m X 1 . 5m high ( int ernal measurements ) , 

with a front and back clol' r  sea led by ru bber euskets . Both chambers 

were insulated with 2 . ':) cm . t hi ck e xpanded :polystyrene . The front 

doors of the chamber had. bui lt into them a feed and water trough which 

was accessible through a 0 . 3m .  X 0 . 3m ru b be r sealed hat ch . A :pers:pex 

window :pro tected by wi re Jllesh in both ba ck and front doors enabled the 

operator to  inspe ct the animals wi thin t he chamber, however the animals 

wi thin each chambe r could not see each  o the r • 



The cal cula t e d vo lume o f  each c<....l o rime te r was 2 , 2 00 l i t re s .  

0 
The ai r t dn peru L u re w i -Lhi.n t h e  c a l o rime t e r  was cont ro l le d  at 1 8  C 
(± 1 °C) by means of a w a t e r  co o le d he at e xcha nge r and a thermo-

s ta t ical ly e; o n t ro l le d  e l e c t ri c  h e a t e r  mou nt e d above a fal s e  

c ei ling t·e neath t he t o p  o f  t b e  c hambe r .  A sma l l e l e c t ri c  fan 

forced a i r  t hrout.;h t he a i r-c o ndi t i oni ng u ni t concomit ant l y  mixing 

t he inc om ing air w t tll L lm t a i r  al read y in t he chambe r . 

6 5 . 

Air was exha u s t ed from each c ham b e r , by two ro t ary vacuum pumps 

mount ed in pa ral lel , t l 1 ro ugh a 2 . 5 cm . di amet e r P . V . C . pi pe set i n  the 

top of t he rear door of the chambe r . Fre s h  ai r was drawn from out s i de 

the bui l d ing and ent e red t he chamb e r  through a 2 . 5 cm . o pening a bove 

the wat er t rou1�h in t he front door of t h e  chambe 1· . Each c a l o r ime t e r 

was o perat e c.t at a prc :..; s u re o f  about 2 cm .  wa t er guctge be l ow a tm•. sphe ri c 

pressure in a w e l l  v e n t i lat e d , t empera h t r e - c o nt ro l l e d  r o o m .  

The exhau.u L '-'d o.lr l'rom e a c h  c ham ber pa s s e d. t : trough a devL e which 

coo led i '  t o  abo u L  )°C , a n d  t hen i n t o  u t he rmo s tatically c o nt r  . . J le d  

room a t  2.3::� C , en:.m r i. ng t hat air was rehe a t e d  t o  c:.. ·..: o ns tant t ern · -" rature 

before b· - �  I1t:· d ,awn t hro ugh t wo dry ga<; n,e L ers co;�ne c t ed i n  s e r�_ e s . T he 

ni:r.• t e m p. "t ''.i. l. t A J ' • '  w a ; J  iUU< · . lu l ·EJd us i L  J o i't t h e c o o l ing de v i c e  anr!. again a s  

i t  left :; h L' g.:.J.:..; me t e r u . As a i r  wa · assumed t o  be sa turat e d  o .. 1. leaving 

t he ai r C c)O l e r  an es timo.t i o n  of t he wa t e r  vapour pre s sure coul2 be ma de . 

Barometric pre�J SILJ ''" wa�J a l s o  r e c orded a nd vli th thi s and above data i t  

was po ssi b l e  t o  c o rre c L  the me t ered vo lume o f  air t o  c ondi t i ons o f  S . T . P . 

( standarr::: t empe ra tu re c.:. nd pressure ) . 

An aut oma t i c  s o l e no i d  swi t ching sys t em e nab l e d  sma l l  samples of a i r  

( 1 l i  +;re /mln ) to u e  drmm by a sma l l  e l ec t ric diaphragm pump from both 

t he incorc.L"lg fresh a i .r befo re i t  ent ers the c hamLer and the exhnuet air 

o n  lea vine t h e  c hnmb<) t·::; . The se ai 1' satnples  were dried i n  two separate 

3m X 2 .  5 c;� . diameter s i lica ge l c o lumns . The system o f  s o l e no i d  va lves 
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ena"jled exhaust air to  be dra w 1 1  a l t e rna t i v e l y  from each cal orime t er fc.r 

fou·:.' minute int e -.:·val s , ctnd 1"1 ·e:;h uil' for aJ ' e i ght minut e int erval eve ry 

four hours . The 1·esult ing �:FTI:� l l  Si:! tu p l e s  \vere pumped through an aut omatic  

infra red  carbon diox ide · .... nu l, yse L· ( 1cl.n1;e 0 - 1 . 5% co2 ) and an automatic 

pa:-amagnetic oxy _se n a na ly�> e 1· � rcHlge 1 Y-2 1 %  02 ) co nnect ed i n  se ri e s . 

The e l e c t ri ca l  o u.t pu t  from t: ' '  ' I !  <.t ua ·! y s e l· w a s  c o nne c t e d  ·to a s eparate 

cha:h1.el of a twc-clwnne l r ·e c.: o t d t:! r  ( ' �  u1 v fu l l  range ) . The recorded 

traces for a twenty-one to t wf· l J  C y- t h re e lH.l i lr peri od could then be 

integrated manually vJ i. L h  a L · ·,.; vo l l .i. ng p lanlme t e r . This technique w2s 

re.rely used as t h.r·ee s p.i. l' Olllt:! ,·::> wi L h  merc .n·y-glass s ea l s  were fi l le d  

dai ly by suckinv a i r  from L llL r-oom, il l ld t 1 1 '� exhau s t  gas of the two 

calorimeters rep, pe c t i. ve 1 f t l u "  . ugl t si l i c 1:1 gP. l over a 2 1 -23 hour period .  

A sample from ec.;.ch o f  L l ,": ':.>t> l J ' i romc l . ,� r · s  w e; ; t h e n  pas sed through the 

ane<.lysers in t u rn un L .i. l  . .  lt< t· · c: u·d �.;; · · l . c ·< t , : <  ::; t eadied . Both gas analy . 1ers 

anC. the recorde r \� e l'v ,_: u , l. u r t  �. t:d d.a t l y 1 1y pumping throu15h them two 

di�'ferent compr-.: ssud :·::1>..> ;t , .i  : . .  t r<J.l  o t '  lu to w 11 c omposition.  

Gas type (A) 
Gas type ( li ) 

% 

% 

0 ,  

0 . _, 

.l 0 . 1 ' L 1  

1 I j 0 (, 1 I 

c.f I'' CO.)  1 . 1 99 

"' !0 L.02 0 . 7 09 

The calculate d res p i i'ht , ·:1 s vc l mu u n , c orrected to STP w ere furi· · 'I' 

adjusted for thQ chung<J i 1: t ' .L� c l tUJub c H' a i r  c ornpo si tion between the 

beginning and end o f  eac 1 u,L · . ;urement period . 

Heat production wu l:! cu ; .;u l a t e d  from the equation of Brouwer 

( 1 965 ) as modifj ed lly u,, ,  ! lo ,m1 S oci et y o f  London ( 1 972 ) . 



HP = (02 X 1 6 . 1 8 ) + ( co2 X 5 . 02 )  - (M X 2 . 1 7 ) - (N  X 5 . 99 )  

where FP = heat produced in (KJ )  kiloj oules/24 hr. 

0� = vo lume of oxygen consumed in litre s/24 hr . at STP 

C02 vo lume of carbon dioxide produced in litres/24 hr . 

M = volume of methane produced lit res/24hr at STP 

N the mass of nit rogen simultaneously produced i n  the 

urine (g/24 hr) 

at STP 

An example of the calculation of heat production is shown in Appendix I .  

Methane Determinations 

Four days a week during calorimet ri c  balances a 2 . 5  lit re syringe 

was drawn o :''f from the exhaust gas of each calorimeter which had been 

collected �W!'::! r a 23 hour period in a spi rometer . This gas was !. c ken 

to  an infro. red analyser set up to  analyse methane at the D . S . I • . . 

Tests appL:.i£'-" to  Calorimetri c  Egu ipme nL 

The d. Y·:.r ·�as meters W ·3re tested  agains t a spirometer  ( 1 50 1 )  at  

the Palme r�, � on  North Gas Department Workshops , over the range of  flow 

rates used in the e xperilnent . 

The >·uo le apparatus was teste d  by the cont rolled burning of a 

weighed am.Junt of absolute  alcohol wit hin the calorime t er for pe riods 

up to twe l ve hours duration.  A seri es of  such tests produced a mean 

measured 02 consumpt�on of 97 . 1 %  ( + 0 . 7%) o f  the the oret ical oxygen 

consumption. 

The calorimet ri c  chamber ,  t ested for air leaks by metering 

simultaneou 3ly the incoming and out going air, revea led a leakage of about 

-'- 3%, this � ·epresenting a gain of air drawn i nto the system .  No leaks 

:..rere found Jetween the chambers and the e;as meters . 
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-,;q_;;" lection o f  F&eces and Urine 

The floor � f  each c namber was in the shape of a funnel so that 

v ::  ;_ ne which fe :i. ::.  through the wire mesh on which the calf stood was 

�: c :_lec t ed in ;.;. nlasti c  bucket containing approximately 2 . 5% ( u/w)  

C � � N H2so 4 o:::· the previous day ' s excret ed urine . The urine was 

b:.clked over the week the animal was undergoing i ts calorimetric 

balance being stored  at -3° C until the end of  the week when it was 

�horoughly mixed and a subsample was taken for storage nitrogen and 

energy det erminations . 

Faeces were collected on a polythene sheet placed on the floor 

:.i.n the back half of the calorimeter and from the residue remaining 

vrhen urine was st rained . The dai ly collection during t he calorimetri c 

"balance was b'J.lked and stored at -3° C until  the end of  t he balance w}Jen 

mixing subsampling and analysis took place . 

contamination by faeces was negligible . 

3 . 6 rECHNIQUES OF ANALYSI S 

Chemical Analysis 

With healthy calves u>ine 

All c hemi cal analyses were done i n  duplicate with di screpanc ies 

of greater than 3% requirintl a repeat analysi s . 

Nitrogen Determination 

The nitrogen c ontents of  feeds and excreta was det ermined by t he 

macro-Kje ldahl method (AOAC , 1 965 ) .  

Bulk fae Jal samples at the end of  each balance were weighed and t he n  

tLoroughly mixed with  a spade on a c lean concret e floor . A sample was 

weighed out ( • ._.- 250g ) and placed in an oven at 80°C for 48 hours to 

determine DM 'Ontent . Another large sample was weighed , placed in a 

m · 'tal di sh and freeze  dried.  The freeze dried sample was t hen grou�d 
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t o  a fine powder in a smal l  "hammer mil l " . This powder was store d  

i n  screw top glass bottles for energy determinat ions . A further 

1 . Og subsample was placed in a plastic  bag of known nit rogen cont ent 

per gram and digest ed in the usual way . The pelleted concentrate was 

also ground, approximately one gram was placed in a small plasti c  bag 

of known nitrogen content this being di gested in the normal way ( AOAC , 

1 965 ) . Both milk and urine were digested in liquid form .� 

Gross  Energy Determinat ions 

The gross energy of milk, concentrate , faeces and urine were 

determined in an Adiabat ic Bomb Calorimeter. Samples o f  approximately 

a gram in the case of the fae cal and conc entrate powders were weighed 

int o  a plastic bag of kno�r energy value and the total energy 

value was measured. Urine samples of  50 . 0ml . and milk samples of  

5 . 0ml . were pipetted on to  a polythene film ( Gladwrap) in the bottom 

of a petri di sh . The petri dishes were then placed in a freezer for 

a day and then freeze dried . The polythene fi lm containing the 

solidS was th�n combusted in a bomb calorimeter .  Co rrections were 

made for the energy value of the polythene , the specific  gravity 

and H2so4 cont ent of the urine sample when calculating t he t otal ene rgy . 

Statistical Analysis 

The data derived on the high and low level of  feeding for, i ntake 

of ME , heat produced,  total energy retained ,  energy retained as fat 

and protein, nitrogen metabolism data and regression coefficients 

were subj ect t o  analysis of  variance (Snedecor and Co chrane , 1973) . 

I • 



In addition s .imple and multiple regression ana lyses  were 

performed with some of the data ; the lat ter was carried out using 

t he Burroughs Advanced S tati stical Inquiry System programme . 

Significance of differences 

The following signs have been used throughout to  describe t he 

level of signifi cance of differences between means 

�* Differe nces significant at the 1 %  level of  probability 

* Differences signifi cant at the 5% level of probability 

N . S .  Differences  not significant . 

SE Standard error of mean.  m 

A . O . V .  Analysis of variance .  
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Gen� 

CHAPTER 1_ 

RESULTS. 

The calves all settled qui ckly onto the pres cribed 

treatment di ets ,  wi tn no obvious meal refusals . 

Ailitption to the me tabolism crates was also rapid and calves 

in the calorimeter appeared relaxed at all times .  

4. 1 Hec:n th 

A single case of diarrho ea was recorded during one day 

in caloriU'.etri c  period three fo:- calf n o o  2 on the (H )  

trea tmen t .  Kaolin was added t o  thi s calf ' s milk for the 

remainder of the balance period. Faeces and urine on the 

daJ of sc ouring were dis carded,  the calorimeter was f:)crubbed 

out and the c ol lection of faeces and urine continued on the 

following day . 

4. 2 lli�weight 

The mean va lues fOl' liveweie;ht and liveweight gain are 

p:t•esented in table 4 . 1  ; the values for l iveweight gain were 

measured over a three week period which included the balance 

period in the se cond week ; val ues for livewe igh t  were those 

at the s ta -rt of the balance periods ( see materials and 

methods page 60 ) • 
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Table 4. 1 

Liveweight and liveweight gain means for calves on 

treatments ' H '  and 1 1 1  

Treatment 
High Low 

Results of analysis 
of variance 

Liveweight (kg )  57 . 57±L 89 * * 

Lhreweight gain 

( kg/day ) 0 . 29±,.06 * * 

Pooled mean 

Liveweight (kg )  63 . 54±2 . 38 

Differences between predicted ( O o 75 and 0 . 2 5kg/day ) · and actual 

gain are 'partly due to  differences between the predicted and 

actual ME intake ( see table 4 . 9 ) .  

4 . 3  � relation between liveweight and energy balance data 

The relations between log1 0  of heat production ( the mean 

of seven days measurement s )  and log1 0  of livewe ight we�e 

calculated for data from each treatment as well as for the 

pooled data. 

The regres sion coefficients were 0 . 941 and 1 .056 

f or the ' L '  and 1 H 1  calves respectively, the difference was not 

significant and the common regres sion coefficien t  was 0 . 980 . 

( see appendix 2 ) .  

Despite the c oefficient in this experiment being c lose 

to one}when Holmes and Davey ( 1 976 ) artalyzed their data 

72 . 
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Fig. 4 . 2 : The relationship be tween heat production (mean of seven days ) and 
livewe ight at the s tart of  energy balance periods , for milk and 
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/kg0 • 75 and /kg1 '0 there was little diffe rence in results 

betvreen bo th analyses , therefore for  comparative purposes it 

was decide d  to use the conventional exponent 0 . 75 (Kleiber 

1 96 5 ) .  

Heat production was re lated to intake of ME see Fig. 4 . 3. In 

addi tion a multiple regression e�uation was calculated to  relate 

HP to  both Lw0 • 75 and level of ME in take . These e�uations 

74 .  

along with those relating HP t o  LW have been presented in tables 4 . 2  and 4 . ?: . 

The relati ons between log1 0  of ME intake and log1 0  of LW are 

also presente d in table 4 . 2  • 

Table 4 . 2  

Regre s si on e�uati ons relating heat produc ti on to 

liv0weight and metabolizable ene rgy intake to 

liveweight . 

High level of intake ( Treatment H)  

HP =  0 . 249 LW0 . 94 1  (±. 1 1 2 )  

Lovr level of intake ( Treatment L) 

HP =  0 . 1 74 LW1 .056 (±. 1 1 3 )  

C ommon regression coe fficient 

= 0 . 980 ( see appendix 2 ) . 
(Po •)led data ) HP = . 200 Lw0 • 98 

High level of intake ( Treatment H )  

ME = . 760 Lw0 •794 

Low level of intake ( Treatment L )  

ME =  .095 LW1 • 1 76 o  

Common regression coefficient = 0 . 922 ( see appendix 3) . 

(poole d  data ) ME = 340 Lw • 922 

ME = metabolizable energy intake per day (mJ/day ) 

LW = Liveweight (kg) 
HP = Heat production ( mJ/d�y )  

All e�uations significant P < 0�01 . 
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Table 4.3 

Regression e quations relating heat production to  

metabolizable energy intake and t o  liveweight 

Hig� level of intake 

HP =  0 .397 + 0 . 2 1 6 ME (±0 . 1 06 ) 

Low level of intake 

HP =  0 . 225  + 0 . 453 ME (±0 . 1 42 ) 

�le difference between regression c oefficients of ME are N . S .  

s o  Poole d  data 

HP = 0 . 2 56 + 0 .373 ME (+0 . 033) 
av -

HP = Heat produc tion (MJ/kg
0 . 7 5 ) 

ME =  Metabolizable energy intake ( MJ/kg0 •
7 5 ) 

Pooled data 

HP = 0 . 272 LW0 o75 + 0 . 422 ME - 1 . 203 av 
(±. 1 05 ) (±0 . 052 ) 

HP = Heat production - average 7 days ( MJ/day ) 
av 

ME = Metabolized energy intake ( MJ dai ly ) 

LW = Liveweight (Kg O o 75 ) 

(All equations significant P<0 .01 ) 

Mean values  for the seve ral measurement s of energy metabolism 

are pres ented in table 4 . 4, along with estimates for energy 

retained as fat and as protein . The treatment H calves 

re tained s ignifi cantly more energy as fat than did the L 

calves ( 56% of 4 1 %) ,  however, the L calves retained more energy 

as protein 58.% c ompared  with 44% for the H calves . Both 

the H and L treatment calves c onverted  gro ss energy ( GE ) to 

metabolizable energy with comparable efficiency • 

76 . 
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Table 4 . 4  

Mean values for energy metabolism and estimated values 

for energy retained as fat and as protein by cab�§. 

receiving milk and meal 

Level of Feeding Results of 

MJ/kg0 .75 Hicrh Low SEM A . O . V .  =- pooled 
Intake ME 0 . 882 0 . 569 .±,0 . 034  * * 

Hea t Produced 0 . 587 0 . 467  .±,0 .009 * * 

Rnergz Retained 
(.±,0 .024 ) (±. 006 ) 

Total 0 .298 0 . 1 07 0 .0 1 9 * * 
--

as Fat 0. 1 70 0 . 043 0 . 02 1  * * 

as Protein 0 . 1 27 0 . 063 0 .01 1 * * 

ME/GE (%) 78 . 68 77 . 29  .±,1 . 23 1  N . S  • 

* ·ll- p < 0 . 01 * p < 0 .05 

Rne:rgz Retained  Feed Level 

Hi,:;h Level Low Level SEM A . O . V .  

Fat/Total ER O o 56 1  0 .4 1 3 . 054 * 

Pr/Total ER 0 . 438 0 . 584 .055 * 

* p < 0 . 05 



4 . 4  Utilization o f  metabolizable energy 

In order to obtain estimates of maintenance and Kg values , 

ER was regressed agains t ME intake . In addition Jl'fE intake 

was regressed against LW and either ER or ER as protein plus 

ER as fat . The ME value for maintenance is estimated when 

ER�O for each equation . The values with the equations 

concerned are shown in table 4 . 5 • 

Table 4 .  5 

Regression Equations Rela ting EnergJr Retained 

Li1m�veight and Metabolizable Energy intake 

With  Calves Rec eiving a milk meal die t . 

78 . 

Where : Y = ER MJ/kg0 •75  X=ME intake MJ/kg0 •75 
Value for ME 
when ER=O 
( r1J/kg0 .75dai ly ) 

( A )  

as 

High level of Intake 

ER = · 768 ME (±D1 92 0 . 379 • • • ( 1 ) 

� Level of Intake 

EH = . 402 ME (±• 1 47 )_ 0 . 1 23 o o o ( 2 ) 

the difference in coefficients of ME are 

Pooled Data 

IDt = . 634 ME (±•042 )- 0 . 259 

N . S .  

(B )  MULTIPLE 

where Y = ME MJ daily 

X1 = LW kg0 . 75 

X2:-:� ER MJ daily 

\pp led Data, 

ME = 0 .776 Lw0 • 75 + 1 . 309 ER - 6 .897 
(,;t.077 ) (±.075 ) 

0 . 493 

0 .376 

0 . 408 

0 .471 
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( c )  
where Y = ME MJ daily 

X1 = LWO o75 ( kg)  

X�� ER ( protein ) MJ daily 
{._ p 

X_,�= ER ( fat )  ID daily ) c 
Pooled Data 

ME - =  . 608 Lw0 • 75 + 2 . 232 ER + 1 . OOERF -4 .407 
(±. 082 ) (±.. 209 ) p ±( . 1 25 )  

(D )  where Y = ME MJ/kg0 •75 daily 

X, ,-= ER ID/kg0 • 75 daily 
I p 

Xi'= ERF MJ/kg0 •75 daily 

Pooled Data 

so. 

ME = 0 . 940 ERF + 2 . 665 ER + 0 � 374 
C:t:.. 1 36 )  (±. 279 ) p 0 . 374 (ME:m) 

All equations significant (P  t... 0 . 01 ) 

The regression of the pooled data of ME intake versus energy 

re tention is shown in figure 4 . 4  o The variation :i.n 

maintenance levels of ME calcula ted from the multip:e regressions 

verr-rus the linear regression may be due partly to high 

correlations between supposedly independent variablElS us ed 

in deriving the multiple regressions . 

4 .  5 Nitrogen Metabolism 

The mean value s  f or measurements of nitrogen metabolism 

have been presented in table 4 . 6 and figure 4 . 5 . 
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Table 4 . 6  

Mean values for nitrogen metabolism o f  calves 

receiving a milk meal die t .  

( I o . 75 
. ) g N kg dally 

To tal N intake 

N intake meal 

N intake milk 

Dig-ested N intake 

Urine N 

N retained 

D�GN x1 oo (%) 

Level of feed 

High Low 

(±. 054 ) 
I 

1 . 839 1 . 23 (±. 042 ) 

1 .0 1 6±. 066 . 660±. 036 

.824±. 058 o 553±o034 

1 0 51 9 ( • 052 ) 0 . 962 (± .033 ) 

0 . 666 ( . 023 ) o .  563 ( .027 ) 

0 .  R54 ( • 053 ) 0 . 398 ( . 046 ) 

0 .825 ( . 005 ) 0 . 793 ( .008 ) 

A . O .V .  
* * 

* * 

* * 

* * 

* 

* * 

* * 

Figures in brackets SEM - standard errors of means 

* 

* * 

Treatment effect  significant P < 0 . 05 

Treatment effect significant P < 0 . 01 

4 . 6  Energy Retained in Relation t o  rate of gain in Liveweight 

Using values for liveweight gain ( mean over thre e weeks ) and 

Ell measured over the week long calorimetric balance i t  was 

pos3ible to estimate  the amount of energy retained per Kg of 

liveweight gain ; these have been presented in table 4 .  7 o 

and Figure 4 . 6 • 

82 . 
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Table 4. 7 

Regre ss ion Equation Re lating Energy Retained 

Pooled data 

with liveweight gain . 

ER = ID/day -

LW8- = Kg! day 

(±0. 642 ) 
ER = 9 . 383 LWG - 0 . 248 ** 

Ene rgy retained pe r Kg Liveweight gain for calves receiving 

mil£ and meal 

Leve l of feedin� 

ID ' s  energy retained/kgLWG HIGH LOW Analysis of -
variance 

(mean ) 1 0 .43 8. 1 02 NS 
r '-

(ran.ge ) ( 7 . 5 5-1 3 .  1 8 ) ( 5 . 02-9 .42 ) (P < o.o5 )  

There is considerable variati on within each treatment 

mean. . There was no signifi cant difference be tween the two -· 

levels of feeding in energy re tained per kg. 

4 .  7 Me thane values 

The mean values for methane pro duc tion are shown below 

in Table L. 8 .  

Table 4 .8  • Methane production in Litres/day 

Methane �roduced  
(IJ/ day ) 

High 

8 . 9-_t1 .0 

Tre atment s 

Low -

Analysis of 
variance 

* 

The energy lost as methane by the calves on the ' L '  and ' H '  

84 . 



Treatments were 0 . 79% o f  GE ( Gross energy) and . 65% 

Table 4 . 9  • mean values for energy and nitrogen 

metabolism of calves for the two treatments 

(all units MJ/Kg0 •75 ) 
unless s tated othe rwise 

ME intake 

Heat produced 

Enercy retained 

,Total N intake (g/kg0• 75 ) 

DiGested N (g/kg0• 75 ) 

N retained (g/kg0• 75 ) 

Li-ve1fe ight gain  (kg/day ) 

Predic ted GE intake 

Act ·. �al GE intake 

High 

0 . 882 

0 . 587 

0 . 298 

1 . 839 

1 0 5 1  9 

0 .854 

0 . 66 

Meal 

1 9 . 74MJ/Kg 

1 7 . 91 MJ/Kg 

85 . 

Low 
Oo 569 

0 . 467 

0 . 1 07 

1 . 2 1 3 

0 . 962 

0 . 3 98 

0 . 29 

� 
2 . 98MJ/Kg 

3 . 1 6MJ/Kg 



CHAPTER 5 

DISCUSSI ON 

All calves appeared t o  be in gooci heal th apart from one case of 

diarrhoea as reported in the Resul ts Sec ti on . 

5 . 1 Liveweight gain 

86 . 

The difference between the predicted and the actual liveweight 

gain as depic ted in Table 4 . 9  can in part be a t tributed to the difference 

between the actual and the predi cted GE intake . 

5 . 2  Energy 

Intakes and the plan of the experiment are dealt with in the Materials 

and Methods Sec tion ( see Fig. 3 . 1 ) . The me taboli zability of the milk meal 

die t  in the pres ent s tudy 0 . 78 is lower than that reported by Holmes and 

Davey ( 1 976 ) for mi lk fed cal ves ( . 95 ) , but considerably higher than 

values reported for maturing ruminants on solid di ets 0 . 58 and 0 . 60 ,  

Blaxter e t  al . ( 1 966 ) ,  Neergaard ( 1 974 ) . The fac tor for converting 

DE to ME in this pres ent s tudy 0. 94 , is consj_derably higher than values 

reported by Ble:.xter et  a l .  ( 1 96 6 )  0 . 82 and Neergaard ( 1 974 ) 0 . 84 for 

maturing ruminents where methane losses were 9 and 7% of gross energy 

respec tively, uonsiderably higher than the 1 %  in the presant cas e .  This 

suggests that v1hile the rumen may be func ti onal ( Lengemann and Allen, 

1 959) normal m�crobial populations do not become fully developed for 

s everal months , particularly in this  case where there was minimal 

contact with mdture ruminants (Pres ton and Willis , 1 974 ) .  



1 .  The Exponent of Li'reweight 

87 . 

The relationship jetween heat production and body weight , and 

between metabolizable energy intake and body weight are . presented ill 

Tables 4. 2 and 4 .  3 respectively. The relationship between food 

intake and liveweight ·would appear to influence the relationship 

between heat production and liveweighto Present  results  and those 

of o ther workers are summarised below : 

Food intake (kg ) Exponent Animal Source Body vreigh t 

w1 . o 34-64 o. s Pigs Holmes & Mount ( 1 967) 

ad libi tum 20-45  0 . 9 Pigs Mount & Holmes ( 1 967 ) 

w1 . o 1 7-34 1 . 0 Pigs Holmes and Mount ( 1 967 )  

w· 92 50-90 • 98 Calves Present s tudy 

As menti oned earlier in the Results Section ( see page 75) the present 

data was analysed using an exponent of 0 . 75 (Kleiber , 1 96 5  and 1 969) . 

2 o  J1a�ntenancC;J and net eC ficiency of uhli zatioU 
of ME above maint (mance (kg) 
The regression equations , both simple and multiple , from which 

estimates of ME (metaboli zable energy required for maintenance )  m 
were calculated are s�ovm in Table 4 . 5 .  The relationship between 

energy retained and ME intake both expressed per kg0• 75is  shown in 

This grapnical depiction is  a good example of the danger 

of extrapolating from a narrow range of results when estimating ME m 
(Van Es , 1 972 ) • The regression lines for both the (H)  and (L)  

treatments when extrapolated to  zero energy retention would give 
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estimates of ME varying widely from that obtained wi th the pooled m 

data.  

As both intake (MJ ME/kg0• 75/day) and liveweight (kg0• 75 ) differ 

significantly between treatments , the multiple regression analysis  

used in the determina tion of the energy cost  of fat and protein 

deposi ti on has been presented in two f orms ( s ee Table 4 . 5 ) . Equat:i. on 

D from Table 4. 5 encompasses an exponent of liveweight (kg0• 75 ) in 

bo th the dependent and independent variables simi lar to equations 

presented by Rattray and Joyce ( 1 976 ) . The resul ting estimates 

of ME 0 . 47 ( equation B)  and 0 . 37 MJ ME/kg0 • 75/day ( Equation D) m 

highlight the differe:::JCe in resul ts from the two analys is techniques . 

Li ttle confidence is placed on the es timate 0 . 47 MJ ME/kg0 . 75/d 

because of the failure of the analysi s  technique used to account for 

differences in liveweieht and intake between treatments . The es timate 

of ME 0 . 4 1  MJ ME/kg0 • 75 from equation C is also discounted for m 

similar reasons . 

The present es timate of ME , 0 . 4 1 MJ ME/kg0 • 7 5  per day for the m 

pooled data ( Table 4 . 5A) and the range 0 . 37 and 0 . 41 MJ/kg0• 75 ( also 

Table 4 . 5  A ,  D) are similar to the recently published values of 

Johnson and Elliott  ( 1 972a and b ) , Van Es et  al . ( 1 969 ) , Holmes and 

Davey ( 1 976 ) ,  Vermorel et al . ( 1 974 ) for milk or  milk substitute fed 

calves and those  calculated from the data of  Neergaard ( 1 974 ) for young 

ruminant calves ( se e  Table 2 . 3 ) . In view of the similarity between all 

of the above es timates the recently reported value of 0 . 68 MJ/kg0• 75/d 

(Webster , Gordon and Smi th, 1 976 ) for veal calves is difficult to 

explain .  Errors in technique are unlikely because excellent 

agreement was obtained be tween the results of direct and indirect 

calorimetry .  Differences because of  the very high intake of  

Weba ter ' s  calves can be  d iscounted as  the relationship between 
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ME intake and. heat production was linear. The s lightly higher 

value for k g reported by these workers would ac count for only a 

small part o� the differenc e in ME • m In Webs ter ' s  work the 

calves were changed be tween the different treatments ( different 

energy intak13s ) in a random fashion whereas in the present experiment 

calves remai�1ed on the same treatmen t for bo th energy balances . 

However Holmes ar.d Davey ( 1 976 )  swi tched their calves between high 

and low o r  low and high in subs equent bala nces and Van Es e t  al . 

( 1 96 9 )  used both types of experimental des ign in their pooled data 

and as their es timate of ME along wi th that of Holmes and Davey m 

( 1 976 ) and the present s tudy are very similar, differences due to 

the design of the experimen t are likely t o  ( ,e qui te small . This  

leaves as the only obvious remaining fac tor,  pos sible differences 

in activi ty, or tension because of isolation or me thod of handling. 

In  the present experiment day to day variations in heat production 

during the s even day measurement period were very small ( pooled SEM 

= .± . 18 MJ/day) indicating that the animals were relaxed wi thin their 

new environment . As isolati on per se has been shown to have no 

effect on the heat produc tion of young lambs ( Webster,  Smi th and 

Brockway , 1 972 ) i t  is very di ffi cul t to see how measurable differences 

in  activity or state of vigilance attributable to isola tion could 

accoun t  for the magni tude of the difference between the result s  of 

Webster e t  al. ( 1 976 ) and othe r work ers . However in a later paper 

( Webster, Smi th and Mollis on,  1 976 ) Webster accounts for the 

difference by introducing the term he calls " impetus for groY�th" 

which determines heat production at a particular combination of body 

weight and ME intake. This  " impetus for growth" apparently is 

:related to s ex , breed , s tago o f  matt.1l'i ·ty �:nd pri or nutri tion, but 



why it  should only effect Webster ' s  calves and not tho3e of 

Van Es et a::_ . ( 1 969 )  or Vermorel et al . ( 1 974) whose  cB.lves 

were of a s::_milar age , sex , breed, s t2.ge of maturity, prior 

nutrition,  and rate of growth remains uncertain. 

90.  

The ne -:; efficiency of ut:;_liza tion of ME above maiatenance (kg) 

0 .63  is the same as the v&lue re�orted by Holmes and D'3.vey ( 1 976 )  

for their Friesian milk fed calves and similar to values reported 

by Van Es e�  al . ( 1 969) , Johnson and Elliott  ( 1 972a, b ) , Webs ter 

et al. ( 1 976 ) and Vermorel et  al . ( 1 974 ) o I t  is  however somewhat 

higher than the values reported by Neergaard ( 1 974 ) and Blaxter 

et  al. ( 1 966 ) as showfl in Table 2 . 4 for older, heavier and fully 

ruminant calves , fed solely on a solid diet . 

Values for net efficiency of thEl " transitional ruminant"  calf 

when inserted between those of the pre-ruminant and ruminant ( see 

Table 2. 4) present a simila r pattern to that reported for sheep by 

Graham and Searle ( 1 972 ) ( see Fig. 5 . 1  ) o These workers no ted a 

decrease in ne t efficiency with rumen development , s tabilizing 

as the rumen became fully functional. 

3. The Energy Cost of Fat and Protein Depositi on 

The values derived from the present data ( Table 4. 5D) for the et'ficie:rcy 

of utilization of ME for the formation of fat and protein 1 . 00 MJ ME/ 

MJ fat and 2 . 66 MJ ME/MJ protein c orrespond to  partial efficiencies 

of 1 . 00 and 0 . 38 respectively. However when independent variables 

are highly correlated as in the present case ( protein and fat were 

correlated with ME intake with ' r '  values cf . 92 and . 95 respectively 

and with each e ther with an ' r ' value of 0. 82 ) a multiple regression 

is not a good model to fi t ( Rattray and Joyce , 1 976 ; �rskov and 
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McDonald ,  1 970 ;  But tery and Boorman, 1 976 ) .  Most es timates of 

energy cos t for protGin and fa t deposi ti or: quoted in the recent 

literature ( see Table 2 . 2 ) are determinec by comparative slaughter 

techniques as energy balance trial techni�ues often over-estimate 

energy and ni trogen retention. It appears however that the 

c orrelation among se  called independent variables is no greater 

in the present case than that in the data used by o ther authors 

( s ee Rattray and Joyce ,  1 976 ;  Holmes and Davey, 1 976 ) .  The pooled 

value for the parti�J net efficiency of utilization of ME for the 

synthesis of protein 0 . 38 is somewhat lower than that reported by 

Osinska ( 1 974bf 0. 4 1 ( assuming a protein energy value of 23 . 3  MJ/kg) , 

Holmes and Davey(1 976 )  of 0 .  54 but higher than the value of Donnelly ( 1 975)  

of 0. 36 ( see Table 2 . 2) .  Apart from the difference between the 

present value and t nat of Donnelly ' s  thf! present results appear to  

confirm the findings of  Ki elanowski ( 1 976a) and Rattray and Joyce 

( 1 976 ) that ruminant protein d eposi t ion ::.s much less efficient  than 

in pre-ruminants , or non rumiLants ( s ee �able 2 . 2) Rattray and 

Joyce ( 1 976 )  propose possible reasons for this difference : 

1 .  Inefficiencies due to  cos ts of rumen fermentation ( Blaxter 

et al . , 1 966 ) . 

2 .  Deamination of die tary amino acids ( Clark, 1 974 ) .  

3 o  Absorbed end produc ts of ruminant digestion may be used 

inefficiently for protein synthesis ( Eskeland et al . ,  1 974 ) .  
4. High turnover of ruminal epi thelium with subsequent losses 

of  N lowering net protein compared with pre �inants or o ther spe cies.  

The partial efficiency of uti lization of ME for the formation of  fat 

i s  1 . 0 the same as reported by Donnelly ( 1 975 ) and similar to  Holmes 

and Davey ( 1 976 ) .  
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In the light of the recent papers by Kielanowski ( 1 976a,  b )  and 

the model approaches presented, i t  seems like:.y that .s.ccurate es timates 

of the energy c:ost  of protein and fat deposi tion ,  maintenance ,  lean 

body mass to  protein , f eed conversion efficiency and LWG may one day 

enable nutri tionists tc cal culate the total daily gains of protein 

and fat independently of one anotl:er anG. enable selec tion on the 

basis of protein gain from a measure of LWG and feed conversion 

efficiency alone . Work by Carr and Brookes (pers. c omm. ) to 

establish relationships between maximum levels of nitrogen retention 

for differei:1g levels of ME intake to  obtain different projected 

liveweight gains over differing weight ranges in calves will add 

another dimension t o  the modeJ ling concept proposed by Kielanowski 

( 1 976b)  and will possibly enable empirical relationships t o  be evolved. 

4. Energy retained per unit of Liv eweight Gain 

The valuE:Js derived from the present data for energy retained per 

kg liveweight gain ( LWG) ( see Table 4 . 7  and Fig. 4. 6 ) are quite 

variable ,  ho�ever the mean value 9. 38 MJ/kg is similar to that of 

Holmes and Davey ( 1 976 )  for Friesian calves , Johnson and Elliott  

( 1 972a,  b )  for Fries.l6.nd calves and values presented by the 

Agricultural Research Council ( 1 965 ) g The value of Joyce et  al . 

( 1 975 )  for the grazed and s tall fed cattle of 40 MJ ME/kg ( LWG) when 

converted to a net energy cost assuming Kg = . 40 becomes approximately 1 6  

MJ/kg LWG or 60% higher than the present es timate. The mean value 

from the present results can be c onverted to ME required per kg LWG 

by multiplying by the pooled value for Kg of 0 . 63 ,  giving a range of 

values from 1 2 . 85 to 1 6 . 53 MJ ME/kg LWG for the low and high levels 



of feeding respectively. In light of the findings by Donnelly 

and Hu tton ( 1 976 ) ,  Johnson ( 1 972 ) ,  Liebenberg and Mercoe  ( 1 974 , 

1 975 )  in which body composi tion of calves was sho�� to be altered 
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by nutri tion, the body composi tional char,ges wi th increasing weight 

and age ( A . R . C . , 1 965 ; Lofgreen and Garrett ,  1 968 ; Blaxter et  al . 

1 966 )  and the different energy densi ties of fat and protein (But tery 

and Boorman, 1 S76 ; Kielanowski , 1 976a), the above results are only 

applicable to the diet and conditi ons under which it was fed. 

5. 3 1 True ' Ne t Energy MaintenaJ , ce 

When ME intake is at  maintenance ,  or below, the heat produced 

by an animal can be divided into two components : 

1 .  That which might be termed the ' true ' net  energy cos t  of 

the proc esses involved in maint enance ;  

2 . That which is produ,·. od duri ng the conversion of dietary ME 

and/or b ody energy stored to the ' true ' net ene rgy required f or 

maintenance .  

Obvious ly there are n o  experimen tal methods permi t ting the 

separation of the hea t evolved by an animal into a portion resulting 

from the true work of maintenance and ano ther connected with the 

formati on of ATP. I t  may how·ever be possible to  accomplish the 

partiti oning s tatistically as propos ed by Kielanowski ( 1 976 ) or  

assumed by Lofgreen and Garret t  ( 1 968) . Kielanowski ( 1 972 ) argues that 

that portion of  HP (heat production ) proportional to  energy intake 

c orresponds to the energy liberated during the synthesis of ATP, 

while HP connected with true ne t energy cost  of maintenance is 

independ ent of energy intake . Therefore the cons tant term in the 



pooled regression in Table 4. 3 (0. 26 ) represents an estimate of 

" true" NE • m Because of the relationship between ME intake HP 

and energy retained (ER )i t  may also  be argued that the constant 

regression term in the regression equation relating ER to ME 
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intake as shown in Table 4 .  5A also represents an estimate of true NE • m 
Arms trong ( 1 969 )  reviewing theore tical attempts which 

es timated true k �calculated 0. 63 to be an average value in the m 
literature for a wide range of diets . Using this theoretical net 

efficiency value and the present pooled value for ME 0 . 41 MJ/k ;l· 75/d m 
( see  Table 4 .  5.A} an estimate of true net energy required for 

maintenance ( NE ) of 0 . 26 MJ/kg0• 75 daily is obtained . m 
Presented below is a Table of estimated " true" NE values from m 

the literature . 

Source 

Holmes & Davey 
Van Es et al . ( 1 969 ) 
Lofgreen & Garrett ( 1 968)  

Pres ent study ( 1 976 ) 
Garrett ( 1 974 ) 

Blaxter et al .  ( 1 966 ) 

Webster et al . ( 1 976 ) 

Kielanowski ( 1 972 ) 

Walker & Norton ( 1 970 ) 

0 . 2 5  

0. 29 
0. 32 

0 . 26 

o. 31 

0 . 2 9  

0 . 47 

0. 2 5  

0 . 2 5 

Comments 

Pre-ruminant calves 

Veal calves 
All sexes , differing diets , 
all ages. ( cattle ) 

( 230-400kg) male and female 
ea ttle. 

1 5-81 week old cattle 

Veal calves 
Pigs 20-90 kg 

Sheep pre-ruminant 

Alternatively if FHP is assumed to be constant at approximately 

0 . 42 M:J/kg0G 75 de. ily (Blaxter et al. , 1 966 ;  Holmes and Davey, 1 976 ; 



Webster et al . ,  1 974 ) and ' true ' NE is  0 . 26 (value from present m 
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s tudy) then the co�-respc·nding ' true ' k v; ould be 0 . 62 whi ch is  quite m 
close to the theoretical value proposed by Armstrong ( 1 969 ) . I t  

i s  also of interest to note the similari ty between Armstrong ' s  

theoretical k ( 0 . 6 3 ) , the ' true ' k as calculated above ( 0 . 62 )  m m 
and the net efficiency of utilization of ME above maintenance Kf 

( 0 . 63 )  in this present s tudy . 

The only es tina.te of ' true ' net energy maintenance at wide 

variance with values listed in the Table above is that of 

Webster et al . ( 1 976 ) .  The remainder of the values are reasonRbly 

close to the value of 0 . 32 MJ/kg0 • 75/day taken by Lofgreen and 

Garrett ( 1 968) as a constant NE for a ll diets , ages and sexes of cattle m 
which is used as a basis for estimating NE values of foods in m 
the N . R . C .  ( 1 970 ) �eed requirement system. In contras t es timation 

of maintenance costs in the ARC ( 1 965 ) system is  based on measurements 

of FHP. Such an approach is open to doubt because of the variebility 

in FHP which is influenced by many factors as  mentioned in the 

Li teratu!·e Revi ew ( s ee page 36 ) .  

G:raha.m e t  al . ( 1 974 )  have presented data for la.f11bS which v1culd 

enable a. " standardi zed" FHP to be calculated , while Webster et t:,l .  

( 1 974 ) ( 1 976 )  have produced an empirical relationship ( " the U . K .  Sys tem" ) 

that estimates predicted FHP , F in an endeavour to reduce the variation 

in  measurements of FHP. The approach of Graham et al . ( 1 974 )  would 

appear to be the more s oundly based since Webster ' s  "U .K .  sys tem" 

depends on two empirical relationships which may confuse the issue 

even mor8. 
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Nitrogen Metabolism 

The calves on the H treatmen t appeared to retain less energy 

as protein than those on the 1 treatment the difference being 

signifi cant ( s ee Table 4 . 4) .  The graph of ni trogen retention 

( NR) versus ni trogen intake ( NI )  is shown in Figure 4 .  5 .From 

the extrapolation to zero ni trogen retention ,ni trogen required for 

maj_ntenance ( N ) was 0 . 35 gN/kg0• 75/day or 0 . 28 g Dig N/kg0 • 75/day. m 
This value is comparable with those reported for ruminating calves 

0. 33 and 0 . 27 g Dig N/kg0• 75/day ( Stobo and Roy , 1 973 ) but i t  is 

hard to imagine that the absorbed amino acids available 

for tissue synthesis is the same in bo th cases . The obligatory 

N losses in the present work calculated by extrapolating the 

regression of NR versus NI to zerc ni trogen intake were 0 . 1 9  gN/ 

k 0. 75/d g ay. The biological value for the mixed die t was 0 . 53. 

Because of the lack of points about and below maintenance ( see 

Fig. 4 . 5 ) and the findings of Carr (pers . comm. ) that the slope of the 

line below mainte11ance is no t the same as that above li ttle  emphasis 

has been placed on the above resul ts . 

Since both Nm ( Carr et  al . ,  pers . comm )  and MEm ( Blaxter e t  al . ,  

1 966 )  are apparently proportional to metabolic body size , the amount 

of protein : energy ( CP : ME) in the diet may be taken as a constant 

with age or weigh t  ( CP : N X 6 . 2 5 ) .  The value for the present data 

is 5 . 35 g N/MJ ME for the milk meal die t  in ques tion. 

Methane 

Judging from the values for methane production cited f or ruminant 

calves (up to 1 �  weeks old ) by Neergaard ( 1 970, 1 974 ) and Blaxter 

et al . ( 1 96 6 )  of 9 and 7% of gross energy intake respectively, the 
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rumens of the calvas in the present experiment were far from fully 

devel oped , while the measured me thane produc tion would sugges t the 

rumen 1·ms func ti onal ( Lengemann and Allen,  1 959)  the type of microbial 

population es tablished may not  be that of  the mature ruminant ,  

espe cially in the present case where calves apart from at  birth, 

had no contact wi th mature ruminants ( Pres ton and Willis ,  1 974 ) .  

Practical implicati ons 

As a resul t of the present s tudy the following Table of 

requirements at  various weights and growth rates has been compiled.  

Table 5 . 1 : Requirement for Friesian calves on milk and meal 

diets  for varying body weights and liveweight gains 

( all uni ts in kg ' s . ) 

Weight of Growth Rate (kg ' s/day) 
of calf 0. 2 5  • 5 - 75 1 . 0 

Milk Meal Milk Meal Milk Meal Milk Meal 

50 * 2 . 5 . 44 3 . 3 . 58 4 .  1 . 72 4 . 9 . 86 
75 * 3 . 0  . 54 3 . 8  . 68 4 . 7  • 82 5 . 5 . 96 

1 00 * 3 . 6 . 63 4 . 4 . 77 5 . 2 • 92 6 . 0  1 . 05 

* assumpti ons : maintenance = . 4 1  MJ/kg0. 75 

Energy reqd . /LWG = 1 5  MJ ME/kg0• 75 

Gross energy milk 3 . 0  MJ/kg ( Friesian milk) 

Pelleted concentrate 1 7 . 0  MJ/kg ( 1 9% crude pro tein) 

Metabolizability of the d iet = . 78 

50% of ME f rom milk the other 50% of ME from meal. 

The energy required per uni t liveweighi gain is accurate for the 

conditions of this experiment between 50 and 75 kg but will probably 

increase again be tween 75 and 1 00 kg. liveweight because of body 



c omposi tional cha:::tges with growth (BlaYter et  al . ,  1 966 )  'Phe 

metaboli zabili ty of tllG dj :J t. did no t appear to decrease at the 
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higher l o �,' ::;l s of intake whi c:h supports the finding of  Webs ter e t  al . 

( 1 974 ) for low fibre conc 3ntrate die ts . It  should be rernembe:ed 

that values for rr;aintenance anJ en,)rgy requireme11ts per unit 1"1'/G 

were obtained in calorimeters in which temperature , humidi ty and 

activi ty were con trolled so  allowances according to  the amount of 

activi ty ( see A . R . C .  1 965 )  an d local environment (Holmes and McLean, 

1 975 ) would have to  be  adied to  the above values . 

Conclusi on 

The energy metabolism :)f Friesian calves receiving half their 

ME intake from c oncent rate and half from milk is similar t o  t hat of  

pre-ruminant calves (Holmes and Davey, 1 976 ; Vermorel et  al . 1 974 and 

Johnson, 1 972 ) .  The energy costs  of prot ein and fat deposition in 

the present s tudy are also very c lose t o  values presented by Donelly 

( 1 974 ) ,  Osinska ( 1 974) and Holmes and Davey ( 1 976 ) .  Rat tray and 

Jagusc.h ( 1 977 ) noted t hat t he energy cost  of  protein deposit ion 

decreased markedly for sheep rece iving milk, compared with those  

receiving pasture . 

�: t seems likely that the higher K value for calves fed cong 

cent rate and milk compared with those receiving concentrate and 

roughage is due t o  the energy cost o f  protein deposi tion. It may be 

possible to  increase the net efficiency of energy utili zation of young 

calves receiving c oncent rate by including a small proportion of  milk 

in t he diet .  
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Appendix One 

Cal�ulation of Heat Production from Raw Calorimetric Data 

Calf 1 4  

Date 30 . 5 . 75 

Atmospheric pressure 766mm 

Cooler temperature 1 0 .4°0 saturated WVP of 1 0mm ) 

meter-room temperat1rre 24 . 3°C 

Measured air flow rate 43 . 65  L/min 

Flo!T through analysers 5431/day 

Calorimeter volume 2 .200 litres 

Diff•3rence in 02 concentration in calorimeter between the 

start and the finish of the measurement period . 

Oxygen ( divisions ) Fresh ai r In 

start of measure- 94 ( 20 . 95%)* 
ment 

Finish of 
measurement 99 ( 20 . 95%)* 

Exhaust air 
out 

45 ( 1 9 . 92 (a ) 

59 ( 1 9 . 60 ) 

Difference 

49 ( 1 .03%) 

40 ( 1 . 3 5 ) 

* The 20 .95% value i s  the almost standard value for normalair 

( a ) The percentage oxygen values of the outgoing air were obtained 

by multiplying the appropriate % 02 per division figure by the 

nlli�ber of divisions.  The calculation of the percentage 02 
per division is shown below .  

The number of chart divisions be tween incoming and outgoing 02 
- (measured from spirometer aliquots ) = 51 . 0  divisions . 

The number of chart divisions between incoming and outgoing co2 

- (measured from spirometer aliquots ) = 55 . 8  divisions 

Urinary ni trogen ( g) = 1 5 . 91 g/day 

1 1  3 .  
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Calibration of analyser with reference ga ses 

CO,, 
<. 

Reference Gas Known % Reading in 
chart divisions 

Known�0 Readings i;1 
chart divLd ons 

Bot tle A 1 . 1 99 74 o 9 20 .801 70 . 7  

Bottle B 0 . 709 56 . 9  1 9 . 6 1 7 1 9 o 1  

purge 1 8 . 9  77 . 3  

(Atmosph�ric air ) 
-------·-------------------------------------------------------

(A-B ) 02 = 5 1 . 6  divisi ons 

50'rrf 0 a ·  . . -
-

1 . 1 84/5� • •  6 --fO 2 per l VlSlOn 

Flow rate corrected to S . T . P .  

0 . 0229'% 

Correct1' on factor = (766 1 0 )/ x 273/ ( ) - ?60 273+24. 3  = . 9 1 3 

Total Ver._t ilation Rate 

Since 1 440 minutes/day 

ave1·age rate = ( 1 440x43 . 6 5 ) + flow through analyser ( 543 L/day ) 
= 63399 1/day 

Cor.!:'ecting to  STP 63399 x o 91 3 
= 57�) L/day 

Vo l looe of Oxygen Consumed 

c Jmrt division = . 0229% 02 
5 1  divisions = 5 1 .0 x .0229 = 1 . 1 68 

Volume of o2 consumed = 57883 x 1 . 1 68/1 00 = 676 .07 

= 676 . 07 L/day 

Co�rection for changes in component s  o f  air in calorimeter during the 

measurement period . 

= ( -9 X .0229/1 00 X 2 . 200 ) 

= -4 . 534 L/day 

Correcting volume of o2 consumed 

= 676 .07 - 4 . 534 

= 671 .54 L/day 



Vohune of CO� produGed 

Interpolating the value measured from the spirometer aliquot 

into the regression of the reference gases versus chart division a ,  

the 55 .8  divisions corresponded to a percentage co2 reading of 

1 . 1  o% 
Thus RQ = 

- 1 • 1 0/ - 0 . 942 -
1 . 1 68 -

0 . 942 x corrected 02 consumption = co2 consumption 

= 0 . 942 X 671 . 54 = 6 32 o 59 

= .§.2_2 .95 L/min 

!Qlume of CH4 produced 

% CH4 in air leaving calorimeter minus % CH4 in air 

entering = Oo0 1 9 

volume of CH4 = 0 .01 9/1 00 x 57883 = 1 0 .00 1/day 

Dai ly Heat production 

HP =  (o2x1 6 . 1 8 ) + ( co2x5 .02 ) - ( Mx2 . 1 7 ) - (Nx5 . 99 ) 

HP =  ( 671 . 54x1 6 . 1 8 ) + ( 632 . 95x 5 . 02 ) - ( 1 0�2 . 1 7 ) - ( 1 5 . 91 x 5 . 99 ) 

= 13,925MJ/day or 13.93 MJ/day 

1 1  5 .  
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Appendix Two 

Test of the probability that the two regressions relating 

heat prodnction to liveweight did not come from the same 

population. 

Analysi s  ·Jf Variance 

Deviations from Regress ion 
Grou_Q d . f. Sx2 

High ( H )  8 

Lmr (L ) 8 

.034 

.0 1 8 

. 032 

.0 1 9 

. 033 0 . 941 .003 

. 027 1 . 056 . 007 

Common 
Ret;ression 1 6  . 0 52 .051 .060 0 . 980 .0 1 0 

Source of variation 

Err·or for unadjusted 
means 

Red11ction due to 
regres sion 

Error ( difference ) 
Sotlrce of variation 

1 6 

1 5 

�-

.060 

.050 

.01 0 

SS for deviations from common regression 

SS for deViations from individual " 

F ("1,14) .NS 

us�1g Y = MX+b (eqn for linear regres sioD ) 

d . f. 

1 5 

1 4  

7 

7 

1 4 

1:1:.§.. 

..§..!l!.o 

.0 1 0 

. 01 0 

0 

merL.TJ. vah:.es of HP and LW (both expressed in Logs ) and a 

MS 

. 0004 

.001 

. 0007 

11.:.§.. 

. 0007 

common regression coefficient of 0 . 980 de rived equations for 

the data were 

High (H )  
Lo·tl ( L )  

(Pooled data ) 

HP = 

HP = 

HP = 

.2 1 4 LW 0 . 980 

• 1 87 LW 0 • 980 

. 200 LW o . gso 
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Appendix Three 

Te3t of the probabi lity that the two regressions relating 

ME intake to liveweight did not come from the same population 

Analysis of Variance 

De viations from Regression 
s . s .  d .f .  

High (H ) 
Low ( L )  

8 . 034 .027 . 033 • 794 .021 

7 . 01 7 . 020 . 028 1 . 1 76 .004 

Common 
Regression 1 5 . 051 . 047 .061  0 . 922 .01 6 

Source of variation d .f  o �· 

Err·or for unadjusted means 1 5 .061 

Red.,lction due to regression 

Ert'or ( difference ) 1 4  

�':'ce of variation 

SS for deviations from common 
regression 

S8 for deviations from 
individual regres sion 

Error 

F = 2 

1 4  

1 3 

F (1 , 13) N . S .  

.043 

.0 1 8 

. 01 8  

. 01 6 . 001 

. 002 . 002 

7 

6 

1 3  

IV� . S .  

using Y = MX + b ( equation for linear regression ) mean values of 

ME intake and liveweight (both expressed in Logs ) and a common 

regression coeffi cient of 0 . 922 

High ( H )  

Low ( L )  

ME =  .4 1 1 Lw0 • 922 

ME = . 281 Lw0 • 922 

Pooled data ME = . 3401w0 · 922 
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