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AESTI�ACT 

1 .  Three groups of 4 Fr ies ian bull ca lves wore incli vidualJ.y fed 

from 7 days of age on one of the foJJ ovtinc; diets; ( L) -· Butter-

ruin pow der (B.M.P.) t_o pr omote C.45 kr; hveweight gair. (LWG)t'Cla·;; 
(H)- B.M.P. tc promote 0.(.7 kg 1ViG-/cl.i.>y; (HT) - B.M. P. S1."!pple­

mentecl with beef tallovr to pruflote 0.67 kg 1VfG/clny. Tbe diets, 

reconstituted to 1 5% a.r'}' matter ( cl.Ir .• ), vrere feo in direct prc:por­

tion to the animal's liveweic;ht at the beginnint; of each of the 3 

consecutive 1 0-day ex}Jerimental periods. 

N.B. Skin' miJl< pov;der (S.M.P.), init iall y usf)d as the basal 

diet .• was subsequently r eplac ed by B .M.P. and the trial 
was res t.arted. 

2.  Daily faecal d.m. consistency was subjectively scored on a 0 - 5 

scale. Quantitative mea.surements were :rr..ade in conjunction with 
the faecal colJ F:ctions for the nitrogen b alance. 

3o Nitrogen balance data were collected from 3 of tbe 4 calv es in each 

group during the last 5 days, and energy balance data during the 

last 2 days of each per iod. 

4. The addition of 4% tal1ow (cl.m. basis) signi:ricantly reduced the 

incidence of scours ( p < 0.01 ) in calves fed. a basal diet of eii:t er 

S. M.P. or B.M.P. 

5. Mean LWG' s of calves on treatments 1, H and HT were respectively 

0.57, 0 . 73 and 0.62 kg/day ; 

ally significant ( p > 0.1 ). 

these d iffer ences were not statistic-

6. The calves on treatment H, although having the hie;hest urinary nit­

rogen excretion ( p < 0 .05) > retained the most nitrogen ( gjkg0• 75 /day) 

(p < 0 .05). The ratio of digested nitrogen retained: M.E. intake 

was highest for the calves fed the tallow supplEment. This suggests 

that energy rather than protein is the factor most limiting protein 

deposition in calves fed solely on B.M.P. 

7 .  During the sec.ond and third periods diets H and HT promoted a sign­

ificantly greater retention of energy than did diet 1 (p < 0.01 ). 

�1e percentage of energy retai�ed as fat tend� to be higher in 

calves on treatment H. 

8. The maintenance energy requirement for a 50 kg calf was estimated to 

be 53.5 kcals D.E. /kg liveweight. The eff'ic.iency of uti1isation of 

M. 'E. for growth was found to be 78%. 



INTRODUCTION 

Cows v1hole milk, which is generally- considered to be the ideal diet 

to promote rapid growth in the very young calf, is also the main source 

of the dairy farmers income. Consequently there has been a move from 

whole milk feeding of calves towards the use of low-fat milk diets or, of 

synthetic milk diets containing fats of non-milk origin to maintain an 

equivalent energy concentration to tha-t of whole miJk. Whereas the past­

ure-reared calf consumes grass from about one week of age, it is not until 

it reaches an age of three to four weeks that the capacity of the rumen is 

such that a significantly large proportion of the calf's energy require­

ment can be derived from this source. 

Successful rearing of young calves can be achieved by the feeding of 

low-fat milk diets such as buttermilk pov1der. But to attain high rates of 

li veweight gain with such diets animals, must consume a greater quantity of 

dry matter than if tl1ey were fed a high-fat milk diet, if they are to main­

tain an equivalent energy intake. Unfortunately such dietary s ystems have 

frequently been shown to predispose the calf to scours v;hich on all toe 

many occasions result in death. Dietar:y fat supplerre nts, of both plant and 

animal origin, have been shown t o  reduce the incidence of scouring in low­

fat milk-fed calves, if certain conditions of feed preparation are observed, 

w hile at the same time promoting satisfacto� rates of liveweight gain. 

However there has arisen a controversy as to whether such energy supplements 

bring about desirable muscle development or only an increased fat deposition 

in the aQipose tissue. 

This trial w as designed to look at the efficacy of beef tallow, a cheap 

animal by-product, to act as an anti-laxative �nd as a concentrated energy 

source for calves fed a low-fat basal milk diet. 



CHAPTER ONE 

- REVIEW OF LI'rERA'rURE 

GENERAL 

At birth the 'p hysiological capacity' of the r eticula-rumen of the 

calf is 0.5 - 1 .6 litres (Warner, Flatt and Loosli, 1965 Tamate, McGil-

liard, Jac obs on ancl Getty, 1962); thi s beine; equivalent to 35·-40/o of the 

total stomach capacity. This tissue was found,· however, to hold 86% of the 

total wet stomach contents of  fully fed mature cattle- the omasum 11%, and 

abomasum 3% ( Makela, 1956).* 

I t  is  not cL�til the animal consumes sie;nificant quantiti es of rough-

age that the size and anatomy of the forestomachs begin to ap proach those 

found in the adult ( Savag e and McCoy, 194-2; Warner et aJ,. 1956; Tamate 

et al. 1962). Therefore during the first fe-,·i weeks of its life, the calf 

must to a large extent remain dependent on foods which it is  able to dig-

est in the abomasum. Although Stewart ( 1962) has detected signifi cant 

level s  o f  volatile fatty acids in the rumen fluid. of fifteen-day old 

calves,r esulting from the microbial digestion of c ellulos e, because  of the 

bulk limitation imposed by the rumen, and the calf's inability to digest 

c ompl ex polysaccharides ( e . g . ,  starch) in the small intestine at this ag e 

( Porter, 1969): it i s  o bvious that the very young calf would be unable to 

maintain its elf satisfactorily on a forage or concentrate diet.  

There would therefore app ear to be an obltgatory requirement for a milk, 

or milk substitute, diet during at l east the first three weeks of life; and 

because of its exc ellent nutritional value (Roy, 1970) there would also  be 

an apparent advantage in the extended feeding of such a di et for a p eriod 

of several weeks, p articularly if a rapid rate of growth is  desir ed .  

* No data on physiological capaci� of these tis sues in adult cattle 
was found. 
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Young pre-ruminant animals fed a milk diet have a digestive system 

similar to, but not identical with, that found in mon ogastri c  an:Lmn.ls ( Porter, 

1969) ovling to the suckling-stimulatec_ reflex closure of the oesophagal 

groove clescribed by Comline and Titchen ( 1951). The imbidecl mi ll<:: by-

passes the reticulo-rumen and passes through the omasum into the abomasum. 

Here it very rapidly forms a firm curd or "clot" which then slowly breaks 

down during the follov1ing few hours ( Mylrea, 19GGa). This milk clot is 

formed as a result of the specific coagu lating action of rennin on the 

dietary casein (Fell, 1962) in the pr esenc e  of ionisable milk calcium 

( Mylrea, 1966a) • 

Although emptying o:£' the abomasum occurs at an approximately expo-

nential rate, during the first 4-6 hours after feeding a clear watery 

fluid, containing whey and the soluble carbohydrate lactose, flov1s into the 

intestine. This is subsequently followed by a thick white opaque fluid, 

comprising the fat and casein comp on ents of the diet (Mylrea, �2..!-�it, ) . 

Whereas the percentage flow of dietary nitr o g en is relatively constant 

between meals, the carbohydrate supplies an immediate source of energy to 

the calf, while the more slowly released butterfat would appear to ensure 

a continued supply of energy during the feeding interval; this is 

associated with the fall in abomasal pH from the feeding to pre-feedir� 

levels of 6 and 2 respectively, resulti�g in the clot disintegration 

(Mylrea, 1966a, b). 

The absorption of these nutrients from the small intestine then fol-

lows a pattern similar to that described for both ruminants and non-rumi-
. 

nants, with the exception that the milk-fed calf is not able to utilise 

some complex non-milk polysaccharides (Porter, 1969), fi_nce at birth 

pancreatic amylase and the mucosal cell disaccharidases are either absent 

or inactive (Dollar and Porter, 1957; Velu, Gardiner and Kendall, 1969). 

There does not appear to be any reported enzymatic limitation to the 

utilisation by the young pre-ruminant calf' of non-milk fats or proteinso 
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During the first twenty-four hours post-part·um, it is essential that 

the calf is fee. colostre-1 milk, as it c o::-tain s a much great er concentra­

tion of minerals and vitamin s than is found in normal whole milk; and 

mo re par·ticularly, contains l{ -globulins ·which provid e the calf with an 

irr:.munity against endemic diseases auring its first few we eks of life 

(Kaiser, Lysaught and Tulloh, 1969). 

Follovd.ng the feedi ng of colostrum, Flux and Patchell ( 1956) have 

shovrn that the calf reared on pasture can do equally as well when fed either 

a whole milk or buttermilk diet from thr e e  days of age. Thi:o early work 

has since been substantiated by Frar.8r ( 1961) using housed calves , and by 

Davey ( 1962a) with p asture-reared calv es ; both writers reported rw sign­

ificant difference in liv ew eight gain wh en feeding either wholemilk or 

buttermiJk diets - the difference being a 30-4o% lovrer butterfat content 

in the latter milk diet. Int erp r etation of tbe work by DaVE;Y is bowGver 

confoundec. by the fact that the calves on either diet may hav e comp ensat ed 

any nutrient imbalance or defici en cy by eating more grass, the intake of 

which was not measureC.. 

Nonetheless, tbe findings of Flux and Patchell, of Dc.vey, and of 

Fraser do show that satisfactory health and grovrth rates can be maintained 

with a milk diet containing on av erage only r:;fo butterfat ( c1ry matter basis) 

as opposed to a whole milk diet containing 25-3o% butterfat. 

Reconstij;2_1_!ioE._ of_!'lj-]._l<:_lt_cylac_e..!.:£ 

The dry matter ( d.m.) content of the reconsti tuteC. milk can have a 

marked effect on food intake , on the incidenae o f  sour:' ng, and on food conversion 

efficier:cy (F. C. E.). Pettyjohn, Everett and Mochrie ( 1963) have shown with 

ad lib. f eeding of calves a milk diet containing 5 or 1o% d.m. that the 

physical capacity o f  tbe stomach limited tbe quantity o f  food consumed. 

These calves were unable to consume a volume of milk sufficient to equal 

the d.m. intake of calves feC. milk reconstituted at a rate of 2Q% and 25% 
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d .me: even though the volume- of imbibed mill< in the latter treatments 

was significantly less. Sirrilarly, Large ( 19G5) found, when feeding 

lambs 10% and 25% reconstituted full-cream milk diets ad .l-.LE., tbat 

tbe group receiving the dilute milk diet, although consuming 10o% more 

miJ.k, was unable to consume as much rc.ilk solid as the other lambs. 

Although in this work tbere vras no apparent correlation between faecal 

d.m. and the CLi.lution factor, Preston ( 'i957), D&.vey ( 1962b), and Petty­

j ohn et al. ( 196_3) all reported a positive correlation within the bounds 

of their work. 

Davey ( lo�ci�.) noted a faster rate of growth by calves fed a diet 

containing 22.4% d.m. compared with 12.4% ancl. 6.6%; F.C.F.. was maximised 

at 12 .4% d.m. Pettyjohn eta l. (�963) found that a diet containing 15% 

a .• m. gave a maximum F.C.F..,and tbat these calves grew only slightly slo-wer 

than calves fed milk diets reconstituted at 20% and 25% d.m. Thus, vtbere-

as on the one hand the d.m. content of the milk diet should be kept lovr to 

avoid scouring, on the other it is desirable to feed milk of a higher d.m. 

content (ea. 15%), to prevent a bulk limitation to tbe quantity of milk 

consumed and to promote rapid grov,tb and maxirr:al food conversion efficiency. 

Calf Diarrhoea 

Diarrhoea in calves, more commonly known as scours, is -unequivocally 

the most common disease associated with the rearing of milk-fed calves. 

For example, a British survey, cited by Roy ( 1969), showed that of 350 post 

mortem exarnination�44.9% of deaths were due to gastro-intestinal disorders, 

and a further 24.8% to septicaemia. 

Scouring is attributed to several predisposing factors: a sudden 

change in diet, overfeeding, the feeding of a fat-free or over-heated 

milk powder diet, the feeding of unhomogenised and/or unemulsified non­

milk-fat fat substitutes, and to substandard hygiene. Altbough scouring 

has· a nutritional origin, the digestive dysfunction is amplified. by the 

proliferation of micro-organisms in the lower digestive tract,thriving 
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on undigested feed residues which escape absorption in the duodenal 

region (Blaxter and. Wood, 1 953) . Roy ( 1 969) classifies diarrhoea into 

two categories, similar to those used for hwnans, depending on the end­

products of micro-organism digestion. 

1 .  Fermer:tative diarrhoea is associated with the feec.ing 

of an excess of lactose or indigestible non-mi1k carbo­

hydrate to the pre-·ruminant calf. Typical symptoms are 

an increased faecal level of low molecular oq;anic acids, 

lactic acid and a low faecal pH. 

2. A more serious putrefactive ?Jiarrhoea may develop follow­

ing a very rapid outflow of digesta from the abomasum; 

this raises the intestinal pH, thereby permitting the 

growth of E.coli. and clostridial organisms. Toxins pro­

duced by the diarrhoetic organisms are thought to induce 

hyperperistalsis_ of, and hypersecretion from, the intesti­

nal tract, accompanied by diminished water absorption . 

Blaxter and Wood. ( 1 953) also suggest that some of the fermentation end­

products - the volatile fatty acids - raise the osmotic pressure within 

the intestine, there'cy resulting in a loss of body water. 

The result of diarrhoea in severe cases is often death due to delcy­

dration. 

Shillam, Dawson and Roy, 1 960; Shillam, Roy and Ingram, 1 962 a and b; 

Shillam and Roy, 1 963 a and b; have done exhaustive studies on the effect 

of overheating during the drying of milk powder� and the subsequent effect 

on calf scours. They have found that pre-heating (ea. 70-80°C) for up to 

30 minutes prior to spray-drying, or roller drying at 1 1 0
°
C,results in a 

ma:..·ked. denaturation of whey proteins and the complexing of soluble calcium 

ions. List er ( 1 97 1 ) reported that severe heating of milk reduced by 5o% 

the whey protein (albumin and globulin) content in the resultant mi1k 

powder. The clotting times for low and mildly heat-treated milks deter-
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mined in vitro were 5. 7 and 6. 7 minutes respectively, ·whereas severely 

heated milk only formed a clot in the presence of added soluble calciwn. 

Shillam et al. ( 1 96 3b) suggest that scou:_ing caused by overheated milk 

powders may be due to the passage into the small inte:::tine of polypep-

tides ( a sutstrate for intestinal pa.thogens) which have not undergone 

complete proteolysis in the stomach because of poor curd formation 

hence causing a more rapid pyloric outflow. 

Mylrea ( 1966c) has shown that as the abomastun has a great pro:pen-

si ty to expand, overfeeding with whole milk vvill result in scouring only 

if 'infection1 conditions within the calf are high. 1'his, it rnus t 

be assumed., is due to the increased rate of flow associated with the 

exponential rate of abomasal emptying and consequent incomplete gastric 

proteolysis. 

Fe.t-free Diets and. Added Fats 

Milk diets containing very little or no fat have been reported by 

many authors to induce calf scot:rs ( Cunningham and Loosli, 1 953;  Owen, 

Jacobson, Allen and Homeyer, 1 958; Olsen and Williams, 1 959 ; Bush, 

Schuh, Tennille and Walker, 1 963;  Mathieu and Barre, 1 9 64). Secondly, as 

butterfat is a carrier of vitamins· A, D and E ( Ling, Kon and Porter, 

1961 ) ,  its removal from the milk is likely to result in a vitamin defi-

ciency within the animal , unless correct eo. by the feeding of a vitamin 

supplemer..t; particularly when feeding a fat-free diet from birth ( Elaxter 

and Brown, 1 952) . The feeding of fat-free diets, either frcm birth or 

subsequent to colostrwn feedin�will also initiate a fat deficiency 

syndrome described. by Lambert, Jacobson, All en and Zaletel ( 1 954) , since 

at birth blood lipid levels are low ( Noble, Steele and Moore, 1 971 ) .  But 

as the response to the feeding of any of several different types of fat 

was rapid, and the deficiency symptoms quickly disa.ppeared (Cunningham 

and Loosli, lococit. ) it would appear that these s;ymptorns are not due 

either to an essential fatty acid deficiency ( linoleic, linolenic and arachi-

I . I 



donic acids - Tayler, 1969), or to a vitamin deficiency. 

Tbe add itior. of small amounts of fat to a low-fat milk diet increa­

ses the faecal d.m. conter.t ( Olsen and Willjams, 1959; Bush et aJ�., 1963; 

Mathieu and Barre, 1964), albeit too much fat will in some instances lower 

the faecal d.m. content ( Grimes and Gardiner, 1959; Ro;y, Shillam, Thomp­

son and Dawson, 1961). Ftl.rtbermore, per unit of weight, fat provides more 

than twice the gross energy supplied lw either protein or lactose,and 

consequently its inclusion in a low-fat milk diet reduces the d.m. intake 

requirement of the calf and, of pa�ticular significance, the intake of 

protein and lactose. Trials reported by Owen et al. ( 1958) and Bush et al. 

( 1963) have both sbown that the addition of 'whey-type' minerals signi­

ficantly decreased the faecal d.m. content of calves fed a basal skim milk 

diet. Owen et al. ( loc-!..£_it_.) further found that the addition of a :J% lac­

tose supplement simiJarly resulted in a marked loosening of faeces. These 

authors propounded the thesis that whey minerals stimulate hypersecretion 

of bile salts which, in the absence of sufficient dietary fat, act as a 

laxative. The high lactose levels, they suggest, may induce scouring due 

to saturation of lectase, thereby providing a substrate for fermentative­

type micro-organisms in the large intestine. 

Cheng, Morehouse and Deuel ( 1949), using rats, reported that high 

dietary levels of Mg ++ and Ca ++ ions markedly increased the excretion of 

faecal soaps and decreased the excretion uf neutral lipids. This, they 

suggested., would indicate that the addition of lipids to a fat-free basal 

diet would be commensurate with an increased soap formation and consequent 

removal of the laxative stimulus of the whey minerals. An alternative 

hypothesis suggested by Owen et al. ( 1958) is that laxative bile acids are 

removed by forming a complex with the dietar�y free fatt� acid�which is 

then absorbed in the small intestine. On the other han� excessive levels 

of fat, particularly if poorly incorporated, may form a protective coating 

over the milk protein, thereby preventing adequate curd formation and gastric 

proteolysis. 
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The Use of Milk-fat Substitutes 

Initial attempts to use milk fat substitutes met with little sl..Lccess as, 

at that time, there was not a full appreciation either of the importance of 

the role played by vitamin E in prever:tin� musc.ular dystrophy ( Elaxter, 1952), 

or of the necessity to reduce the fat globule, by errru.lsification or holl'.ogen-

isation, to a size similar to that found in whole milk ( Raven ancl Rcbinsor., 

1964a). Diets containing unhydrcgenated fats sucll as soybean oil, palm oil, 

cod-liver oil, or non-ruminant fats, e.g. , lard, have a great propensity to 

induce Vit E deficiency; Blaxter and Brown ( 1952) have reported that these 

fats rapidly deteriorate due to oxidation, res1..Lltir1c; in the breakdown of the 

tocopherol compounds. These authors state that the requirement for Vit E is 

proportional to the ioo_ine number of the fat. Whereas ruminant fats are 

corr:prised predominantly of palmitic, stearic and oleic acids, vegetable oils 

and non-ruminant animal fats contain, as well, a higll prcportion of C 14_ 

acids; the majority of these fatty acids are polyunsaturated (Hildi tch, 

1956). The composition of butterfat is notable for the high proportion of 

short chain ( < C ) and polyunsaturated fatty acids relative to the compo-
12 

sition of ruminant adipose tissue ( Garton 1967). These differences in comp-

osition of the various fats are of particular importance, in that it has been 

shown by Raver. and Robinson (1958), and Gali ( 1965) cited Radostits and Bell 

( 1970), that the co-efficient of digestibility is greater for fats of short 

chain length and a high degree of unsaturi-tion. With calves, for example, 

butterfat, larcl and tallow have co-efficients of digestibility at four weeks 

of age, of 97%, 93% and 85% respectively (Roy, 1964 ). 

Some works reviewed by Radostits and Bell ( 1970) have shown that the 

feeding of polyunsaturated vegetable fats to young calves will induce ill-

thrift, although the results of other workers is conflicting in some 

aspects of this work. Jarvis and Waugh ( 1949) attempted,to overcome the 

problems of ill-thrift by supplementing a basal skim milk diet with cotton-

seed oil artificially hydrogenated immediately prior to feeding. Although 

these calves had a growth rate of only 5o% that of the control whole-milk-
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fed calves, the calves fed an unhydrogenated cottonsE·ed oil were emaciated, 

mortality was high and the survivors barnly maintained their weight. O!l 

the contrary, Raven and �cbinson ( 1 9 58, 1 959, 1 960) showed a marked decrease 

in growth of calves fed artific ially-hya.rogenated palm and palm-kernel 

oils. Aaes-,J orgensen ( 19 66) with rats similarly reported impaired growth 

when feedine; artificially hydroger:ated fats, but on the additior: to these 

diets of linoleic acid an improvE,ment in li veneight gain was noted. He 

suggested ho-.veverthat this phenomenon may not have been due solely to an 

esser.tiaJ fatty acid deficiency, but also to a toxic effect produced by bio­

logically inert isomers forrrt:d during hydrogenatior.. of the fat. Farlier 

evidence supporting this theory of toxin formation was reported by Aclams, 

Gander, Gullickson and Sautter ( 19 59). They found that a corn-oil pre­

paration prepared daily raised the d.m. digestibility above that found 

when using an oil preparation prepared weekly which, they suggested, may have 

been clue to an upsetting of the calf's metabolic system by toxins formed 

through spontaneous oxidation of the fat. 

Tallow, although of' a rele.tively lower digestibility ( probably be-

cause of' the high degree of' saturation ),is frequently used as a replacer of' 

butterfat in artificial milk diets, as it is readily available in large quant­

i ties and at low cost, and it appears to ca use fewer· metabolic disorders than 

do the more highly digested vegetable oils. 

Homogenization and Emulsification 

" • • • • •  there is general agreemer:t that for efficier:t utilisation 

some form of treatment is necessary to reduce the size of fat 

globules". 

Roy, Shillam, Thompson and Dawson (1 961 ) 

Kastelic, Bentley and Phillips (1 9 50) were among the first to show that 

smaller fat globules formed by homogenization are more easily digested than the 

1arger globules which are found in emulsified fats, a conclusion later borne 

out by Warner, Loosli and Ley (1 9 62): 



TABLE 1 :  

1 o .  

Appar ent dig estibility of' fat p lus a l e cithin incorp o r­
at ed eith er "by homog eni za t i on o r  mcl ting and o l enclinr.; int o  
s kim milk di ets f e d  t o  y oc:ng dairy calves - after Warn er , 

L o o s li and L ey ( 1 962) . 

Fat Typ e  Fa t C ont ent r Horrogenis ed M el t ecl and B l ended 
+ L e c ithin (% d . m . ) in liquid form in liquid f'orm. 

B ut t er 25 93 8�. 

Tall ow 25 90 73 

C o c onut Oil 25 89 89 
-

Furth er , Raven and Rocins on ( 1964a) in a s eri es o f  exp eriment s hav e  

r eaffirmed th e ao ov e findings and, as w el l ,  hav e shown the imp ortan c e  o f  an 

added l ecithin for improving fat dig estibility in di et s wh er e the fat ha s 

not "b e en h omo g enis ed .  

TABLE 2 :  

M ean dig e stio ili ty o f  ether · ex tract ab l e  mat eri al in 
diff erent di et s  - aft er Raven and Ro"bins on, ( 1 964a) . 

D i et 
(All p r ep ared as milk p owders ) 

Whol e milk 

B l end ed "butt erfat + s kim milk 

B l ended "butt erfat + l eci thin + skim milk 

H omog eni s ed p alm-kern el oil + skim milk 

H omog eni s ed p alm-k ern el + l ecithin + sD_m 
milk 

B l ended tall ow + l ecithin + skim milk . 

H omog eni s ed tallow + l ecithin + skim milk 

Ether Extractab l e  
Mat erial 

(%) 
95 .2 

71 .8 

88 .3 
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It is abu nd a ntly clear t hat homogen iz at ion, ex c ept i n  t he case of' 

coc onut oil ( t ab le 1 ), markedly imp rov es t he dig est ibil it y  of diet ary fat .  

Th is is pro bably due t o  a great er sur face area of fat b eing exp os ed t o  t he 
-

enz yme act ion of pancreat ic l ipase ( ling , Kon and Port er, 196 1 ) . It is 

also apparent that a lecit hin imp rov es t he digest ib il it y  of l ip ids, wh ether 

or not the fat is h omogen ised, part icularly n hen t he fat is onl y  bl ended. 

into t he diet. Alt hough natura l  cows ' m ilk cont ains hi gh l e v e ls of leci-

t hin, thi s  is dest royed during t he mar1ufacture of mi lk povi ders (Hopki ns, 

Warner and Loosl i 1959), t hus necess it at in g t he add. it ion of a sup plement-

ary lecit hin or emulsif ier, su ch a s  glycero l-mono-st erat e ,  in art ific ial 

m ilk di et s .  

F at globule s  in cows' milk r ange f'rom 0 . 1  - 10  pm in diamet er, al t hough 

most are in t he range 3-4 prn ( Li ng, et al. 1961 ) .  Raven and Robinson ( 1964a) 

found in their nork t hat t he globul e siz e of blend e d  tall ow rang ed from 5-1 0 

pm w it h  some be ing as large as 20 ym, w her eas the globule s iz e  of t al low, if 

ad.e qu at el y homogenised, was of a simi lar siz e  t o  t hat of t he fat in vr hol e 

m ilk. Th ese same aut hors ( 1964b) hav e shown that t he great est need for 

small fat globules by t he calf is during it s first f' ew we eks of l ife 

since - " I n  t he case of v egetable fats and t allow t here was a definit e  t en-

de:n cy for an imp rov ement in fat digest ibilit y  t o  t ak e  place w it h  increasing 

age of t he calv es, e. g. , t he m ean d ig est ibilit y  of t he t allow w as 83 .0:!: 1 . 2,% 

at 1 -2 W 8e ks of age , and 88 .9:!: 1 o4% at 4-5 weeks of age • • • • •  " Th ey att ri-

but ed t his observat ion to an increasing pancreat ic lipase act iv it y found in 

young calv es bet w e e n  t he age of one t o  sev en days, (Huber, J acobson , A llen 

and Hart man, 196 1 ) .  T hey do not att emp t  t o  explain, ho� ev er ,  why t h is 

incr ease occurred fro m seven t o  t h irt y-fiv e  days of age w hen, accord ing t o  

Huber et al. ( loc. cit . ) , t he act ivi t y  of t he enzyme does not s ignificant ly 

change, irrespe ct iv e of t he diet ary comp osit ion. 

A l im it ed amount of research has show n t hat t he cond it ions under which 

t he fat is prepared hav e be e n  sh ow n t o  affect t he subsequ e nt e ffect iv eness 

of t he fat suppl ement . Vl e ig ( 1964) has point e d  to the nee d for care when 



1 2 .  

making up a fat emulsion, as i t  i s  imp erative n ot t o  overh eat the tallow 

( m.p . 4-5°C )  prior to  adding the emulsifi er , if the emulsion is t o  remain 

stable .  And Liebholz ( 1 9'66 ), in ext ensive feeding trials with calves , 

found that when high l evels of tallow w er e  homogeni s ed int o the diet , 

b ett er w eight gains w ere obtained when the di et was homogenis ed at 30°C 

0 than at 1 8 . 8 C ,  as at the lower temp erature the inc orp oration o f  tallow 

into the milk was pocr and s ettling on s tanding was obs ervedo 

Energy Requirements for Pre-ruminant Calves 

Blaxt er and Wood ( 1 951 ) determined the energy requirements for 

young milk-fed calves  confined to metab olism crat es,  by regress:ing the 

livewe1.ght changes on digestible energy intake . They estimat ed a maint en-

ance requirement of 52 .4- kcals digestible energy ( DE) /kg livevreight , and 

307 kcals  DE/1 00g liveweight gain . Van Es , Nij kamp , van Weerden and van 

Hellemond ( 1 969), using an indirect calorimetric approach, estimat ed the 

maint enance energy requirem ent for calv es up to the age of  1 0-1 4- weeks 

to be  4-2 kcals DE/kg liv eweight ,which is in clos e agreement with the 

r equirement of 4-5 kcal s DE rep orted by Brisson ,  Cunningham and Haskell 

( 1 957) . Bryant , Foreman, Jacobso� and McGilliard ( 1967) found a higher 

requirement of 4-8 kcals DE/kg liv eweight  for maintenance.  Brisson et al . 

and Bryant et al. estimated the requirements for 1 OOg liveweight gain t o  

b e  resp ectiv ely 268 and 370 kcals DE . 

These  differences in the estimated requirements for energy are not 

surprising in view of the age differenc es of the calves us ed , the errors 

associated with the measurement of liv eweight ,  and the different techni-

ques us ed to  determine th e requirements .  

Prot ein Requi rements for Pre-ruminant Calves 

In reviewing the protein requirement for calves, Jacobson ( 1 969 ) 

p oints out the " • • • • •  marked variations in the estimated protein ( and energy) 

r equirements of calves particularly in the ruminant stage", which, he contin-

ues " • • • • •  are influenced by the rate o f  gain, body si ze,  age ,  diet and other 



factors. " For the 50 kg non-rumJ.nating calf, the resp ective requirements 

of digestible crude protein for maintenance ( g/day ) and for 1 OOg live­

weight gain ( g) were : B1axter and Wood ( 1 951 ) 32 and 16. 2 ;  Brisson et al . 
( 1957 ) 20 and 22.2 ;  Bryant et al. ( 1 967} 35 and 1 5. 8 .  Using the average 

of the energy and crude prot eln estimates, Jacobson has shown that the 

ratio of  digestible crude protein ( in grams) to  dig estible energy ( in 

kilo calories) decl ines sharply as th e rat e of gain increas es. For main­

tenanc e, and maint enanc e + 0.5 kg gain, the ratios are resp ectively 1 : 75 

and 1 : 35. Milk containing 3.7% fat ha s a ratio  of  approximately 1 : 23, 

which indicates that for normal rat es of growth, energy rrill be  the growth 

limit ing factor when milk  is fed as th e sole  calf di et (Jacobson, 1969).  

Level of  Fat in  Milk Replacers 

Milk fat supplies as much as 5afo of the total energy in whole milk, 

prot ein 26%, and lactose  24% (Roy,  1970) - the prcporti ons being dep end ent 

on numerous animal and. animal nutrition factors; whereas only 15-2afo of 

the gros s  energy of butt ermilk is  derived fron'. fat , if a c;fo fat cont ent 

is  as s,�med. Many workers hav e att empted, with varying degrees of success, 

to improve the rate  of liv evr eight gain, and more particularly nitrog en 

r et ention, by feeding different levels of milk fat substitutes in l ow fat 

milk diets  ( Blaxt er and Wood, 1951; Olson and Williams, 1959; Stone 

R ennie and Ingram, 1963; Mathieu and Barre, 1964; Raven and Robinson, 

1 964 ; Leibholz, 1966 ; Roy, Stobo, Gaston and Greatorex, 1970a; Roy 

Stobo and Gaston, 1970b ) . Blaxter and Wood (1951 ) were among the first to  

show that when the digestibl e nitrogen intake was held constant, the amount 

of retained nitrogen could be increased by raising the energy c ont ent of  

the diet with a supplementary fat. This  they attribut ed to  a decline in  

the ext ent of  deamination of dietary amino-acids for the supply of energy 

for protein synthesis. Olson and Williams ( 1 959) fed a milk replacer diet 

containing Q%, 3;%, 10%, 2afo and 3afo d. m. as lar� at a rate of feeding rest­

rict ed t o  1� of the calf ' s  livew eight . They found that the rate of liv e­

weight gain increased with each increas e in the l ev el of supplementary fat . 



However, in extensive trials where Leibholz ( 1 966) fed calves C!f{., 1 o%, 

2o% and 30fo of homogenised tallow at near ad. lib levels of intake , the 

maximwn observed rat e  of gain, averaged over a four week period, was 
-

found to occ ur wit h  calves fed t he 2C/fc tallow supplerr..ent . The rat e  of 

growth in declining order was: 1 o%, 3o% and o% t allow. During t he 

last two weeks of t his trial the rat e  of growt h was similar for diets 

which contained bot h 20){, and 3Cifo of t he supplementary fat. Leibholz c on-

eluded from this , and from a second experiment , that t he addition of between 

1 :% and 23% t allow to a skim milk diet result ed in the most sat isfactory 

liv eweight gains. Stone et al. (1 963) observed t hat the addit ion of 1 3,%  

t allow to a skim milk diet resulted in a better liveweight gain t han t he 

addit ion of 1 qfo  tallow, and Mathieu and Barre (1 964) progressiv ely impro-

ved t he liveweight performance of veal c alves by increasing t he butt erfat 

cont ent of a reconst ituted  milk diet from 1% to 4 . 'Jfo  (vvet matt er basis) . 

These latter workers not ed an increasing retention of nitrogen per 1 0C g  

of liveweigh t  gain as the energy content of the milk d-ecreased. However, 

t he daily gain of nitrogen vras improved by the addition of fat to t he 

diet. Raven and Robinson ( 1 964b) found that t he energy supplied t o  skim 

milk by the addit ion of palm oil, refined palm kernel oil, and tallow, at 

a level simulating the energy cont ent of whole milk, brought about a sub� 

stantial improvement in t he efficiency of nitroge� reter.t ion as compared 

with t hat on low-fat milk diets. However t he per c ent nitrogen ret ention 

with the filled milk diets was slightly lower than obt ained wit h whole 

milk diets. The effect on t he carcass c ompos ition was not reported. Roy, 

Gaston, Shillarn, Thompson, Stobo and Greatorex (1 964) presented evidence 

to  show t hat aft er seven weeks of age eit her that energy was limit ing t he amount 

of nitrogen retained by c alves fed whole milk, or: t hat the maximwn pot ent-

ial for nitrogen retention had been  reached and. surp lus energy was being l aid 

down as fat . I n  more recent work, Roy et al. (1 970a) found. t hat, by rais-

ing t he fat cont ent from 2q% margarine t o  3o% margarine in a basal skim 

milk diet , t here was no change in the protein content of t he carcass, 

although t he amount of adipose in t he carcase of t he ' high fat ' calv es 

· I 
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wa s markedly h i gh er . R oy et al . ( 1 970b ) in a follovi -up trial f ow1d that 

wh er ea s  the daily nit rog en ret en tion ·w as s jmilar in hi gh and l ow fat- rea 

calv es ,  the p ercentage of - dig est ed nitrogen r etained was great er in th e 

' high fat ' calves , thus sugg estine; tha t in fa ct a mor e  eff ective us e wa s 

b eing ma d e  of th e dig est ed p rot ein than was indicat ed by the ab s o lu t e  nitro­

g en ret ention . They, h ow ev er, con cluded from the s e  two trials that marga­

rine is not a readily availabl e sour c e  of energy for calv es i'lh en fed as a 

supp 1 em ent t o  a lovr-fat milk diet . 

The work t o  dat e ha s cl early shovm that fat of n on-mil k orig in can b e  

b enefi cially us ed by ca lv es t o  p romo t e  inc r ea s ed growth wh en f ed in a milk 

di et ,  provi d ing that adequat e car e is taken over inc orp orat:i.ng the fat into 

the basal milk diet ; vitamin defi ci enc ies are corrected;  t oxic p r oduct s 

from oxidation are p r ev ent ed from forming ; and tha t th e l ev el of fat 

us ed do es n o t.  ex u eed 25-3o% of the dry mat t er .  H ow ever ,  there still r ema in s  

s ome doubt a s  to wh eth er this extra sour c e  o f  energy can b e  us ed to sp are 

th e wme c e s s ary de-amina tion of di etary prot ein and hen c e  incr �"a s e  th e ni t ro ­

g en r et ent ion in the car cas s .  

Th ere app ears t o  have b een n o  work done in this field, inc orp orating 

th e u s e  o f  b o th energy and ni tr ogen ba lan ce s ,  and s o  the p r e s ent trial was 

therefore designed ,  using thes e two t echni ques , to s e e  wh eth er a l ow l ev el 

of supp l ementary fat in the form of be ef tallow would rais e  th e nitrogen 

ret ention i n  calves above tha t attained by ca lv es ;"ed a basal low-fat milk 

diet . A furth er a sp ect studi ed wa s wh eth er o r  not th e l ow l ev el of 

tallow was adequat e to s ignificantly in cr ea s e  the dry matt er content of 

th e fa ec es , and t h er eby r edu c e  th e risk o f  calf mortality due t o  diarrho ea .  

Skim milk p owder ( S .M. P . ) was us ed as the basal di et b ecaus e of its 

low fat c ont ent , but for reas ons to be dis cu s s ed in Chap t er III , this 

exp eriment was t erminat ed prematurely , and a new exp eriment was c o mmenc ed 

us ing B . 1vf . P .  as th e basal di et . For this reason Chap t ers II and III hav e  
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been divi ded into section s: S ection On e deals with  the main t ri al 

using B.M.P. and S ection Two with the ab ort ed t rial using S. M .P. 

. ·-·�· . .. 
-. �· --�1}:>···· 



Figure A: 

Organisation of the experiment showing the average age in days of calves 
at the beginning and end of each period , and the number of calves used for 
collection of liveweight and balance data . 

Number of Preliminary Change over Experimental Period 
Collected Data Calves Period Period Period 1 Period 2 Period 3 

Liveweight 1 2  Up to 7 8- 1 1  1 4-23 24-33 34-43 
I 

Intake and excreta for 
energy and nitrogen 9 1 9-23 29-33 39-43 
balances 

Indirect estimation of 
heat production for 9 22-23 32-33 42-43 
energy balance . 

I 

->. 
(]'\ er' 



2 . 1 . Animal s 

CEAPTER TWO 

lftATERI.ALS AJ'ID MEI'HODS 

S ECTI ON O NE 

Butt ermi lk P ow d er l0:p eri ment 

Twel ve Fri es i an bull calv es ·b o rn in Ap ri l and May w ere 

c oll ect ed at 3 to 6 day s of ag e fro m  th e Mas s ey Univ e:r�sity dairy 

farm ana. a l o c a l  t own milk supp lier . 

2 o 2 o  G en eral Outlin e o f  :!'?J2eriment 

The exp eriment c ons i s t ed of a p r eliminary p eri o d ,  a cl1 ang e-

ov er p eri od and thr e e  cons ecu tiv e  t en-· day exp eriment al p eri ods . 

Calv es w er e  f ed indo ors on a butt ermilk or butt ermilk p lus tallow 

diet c ommend.J.1g at ap proximat ely fourt e en day s o f  ag e .  

Four calves 11, 1 2 ,  13 an d 1 �  w er e  fed on a low p lan e 

of energy int ake in th e form of r econsti tut ed butt er-

milk p owder ( B . M . P . ) , h er eaft er r ef err ed to as treat-

ment L .  

F our calv es H 1 , H 2 ,  H3 and H�. w er e  f ed on a high p lane 

of en ergy int ake in the form of r ec onstitut ed B . M . P . , 

h er eaft er r eferr ed t o  a s  tr eatment H .  

The r emaining four animals HT 1 , HT 2 ,  HT3 and HT4 ,  were 

f ed an energy intake e quival ent to that o f  th e calv es 

on t r eatment H ;  p art o f  thi s  b eing provided in the form 

of r econstitut ed B . M . P . and th e r emaind er as b eef ta ll ow .  

Tb i s  tr eatment is her eaft er r ef err e d  t o  as tr eatment HT . 

Th e calv es w er e  randomly all o cat ed t o  ea ch tr eatment on arrival 

at th e Ma s s ey Univers ity Animal Physiology Unit . 

The l ev el o f  energy int ake, th e s ourc e of energy and exp ect ed 

liv eweight gains are shown in figure 1 .  

I . I 
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Fig . l  

TREATMENT GROUPS 

Outline of the experiment showing the relative 
energy intakes, the source of energy and expected 
daily liveweight gains of the three groups of calves. 
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2 .  2 .  ( cont 1 d) 

2.3 . 

2 .3 . 2  

Due t o  the limit ed res ources available only calves 1 ,  2 

and 3 on each of the three treatment s w ere us ed for energy and 
. 

nitrog en balanc e work.  The fourth calf in each group was 

otherwise managed and fed identically; ·these three animals 

were used to  provide additional liveweight data and to b e  

availabl e  a s  replacements in the cas e  o f  cleath o f  one of their 

resp ective group mates . 

'Exp erimental D esign 

P relirrLi .. nar;y and changeover l?eriods 

The aim of th e preliminary p erio d  was to allow the calves 

time to become accustomed to the confinement of their metabolism 

crat es and to t each them t o  drink fr om a bucket . As well ,  each 

of the ' balance '  calves sp ent some time in a calorimetry chamber . 

A four-day changeover p eriod , commencing at about eight 

days of age, was instituted wh en changing from whole milk f eeding 

t o  the resp ective treatment diet s,  as  it is wel l  known that  a 

sudden change in diet part icularly with young animals ,  will oft en 

result in digestive up s ets ,  e .g . , Preston ( 1957) . 

�perimenta� Periods 

During the exp erimental p eriods , each of which consisted of 

ten days ,  the fooCl. intake was held c onstant . Faeces and urine 

were quantitatively colle ct ed from each of the nine ' balance '  

calves during the last five days o f  each p eriod.  The faecal 

samples and urine sub-samples from each calf  were bulked at the 

end of th e resp ective p eriods and stored for subsequent chemical  

and dry matt er analysis . The animals sp ent the final two days of 

each p eriod in an indirect calorimet er . ( S ee figure A) 
L , y 

MASSE ' L . • • v'L:'.:i :TY 
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Feeds and F eeding 

Quality of feed 

During the preliminary p eri �d all calves w ere feel a pro-

pri eto.ry whole milk replacer in equal quant ities at 9 .00 a .m .  

and 4 . 30 p . m .  This milk was reconstitut ed 1:y adding one  part 

of pm·ider to eight parts of ·wat er and fed at a daily rat e of 

1 Cf). of calf livew eight. 

The B .M . P .  was manufactured by the spray-drying p rocess  

and market ed as  a finest quality product . However, this was 

subsequently found to be incorrectly labelled as the p owder was 

only of ' st ock food'  quality due t o  overheating in the spray-

dri er ( Ministry of Agriculture and Fisl1. eries, p ers . comm . ) :  

this bein� detect ed by the small lump s of burnt p owder found 

floating on the surface of the reconstitut ed milk. 

The b eef tallow from the Long burn Freezing Company was 

classifi ed as ' edible' , and th e glycerol-mono-st earat e ( G .M .S.) 

manufactured by Ab el 1 s ,  was similar to  that used in the baking 

industry. Both were stor ed at 3°C while not in us e .  The mean 

chemical c omp osition of the butt ermilk p owder and fats ( with 

S.E. ' s) are as follows : 

Material Prot ein Fat Ash Gross  Energy 
(% d .mo) (% d.m. ) (%  d. m.) ( kcals/g) 

Butt ermilk p owder 
+ 

31.88-0 .11 
+ 

8 o65-0. 1 4  
+ 

7 .07-0 .02 
+ 

4 .64 -0 o01 

0 .54 ( F . F .A) + 
Tallow 9 o55-0 .00 

99.4 6( T . G . )  

Glycerol-Mono-Stear- + at e 1 00 8 .4 7-o .oo 
- -

Level of feeding 

The exp eriment was design ed so that th e calves on treatment L 

were fed sufficient enere;y for maint enance plus O o 4 5  kg liveweight 
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gain/day , whiJ e calves on treatments H and HT were fed 

sufficient en ergy· to allow for maint enance plus O o 68 kg live-

w ei ght gain/day . The amount of p owder fed was calculat ed from 

th e energy reqtri.rements for milk-fed ca lves r;stimat ed by Blaxt er 

and Wood ( 1 9 51 ) to be 52 .4 kcals di r:estibl e  energy/kg liveweight/ 

day for maint enance,  and 307 kc al s/Cl ig estib le energy/0 . 1 kg liv e-

weight gain , In the present exp eriment the gross energy of a 

preliminary buttermilk p ow der samp 1 e  was found to be l1- , 65 kcals/g 

and it 1 s digestibility was assumed to b e  9 2}b ( Roy, 1 970) • 

Calves on treatments L and H were fed s ol ely on B . M . P . 

reconstitut ed with water to contain 15"/o dry matter . The calv es 

on treatment HT were fed sufficient B . M . P .  to provi de the main-

t enance er1ergy requirement s .  A further batch of butt ermilk was 

prepared ( 1 5% d . m o ) to which an amount o f  emulsified tallov; vve.s 

added such that 2 o 2  kg o f  this fat-fortified buttermilk supp l i ed  

suffi c ient energy to allow for 0 . 68 kg l ivew eight gain/day . The 

ratio of fat to B . M . P ,  was adjust ed so  that the ta1l ow p lus G . M . S .  

contribut ed t o  0 . 23 kg o f  the total gain . The lipid additiv e had 

a gro f:;s  energy cont ent of 9 o44 kcals/g and an assumed dig est ibility 

of 86% (Raven, 1 970 ) . 

F eed preparation 

Milk p owder was added to luke-warm water in a fifteen ga llon 

straight-sided milk can, and thoroughly mixed with a milk vat 

agitatoro  The milk was then par.s f·d through a 2 mm mesh sieve to  

remove any undissolved lumps of p owder .  The dry matter cont ent o f  

the recor:stitut ed milk was det ermined in duplicate by ov en drying 

approximat ely 5 g in an aluminium milk bottle cap at 1 03°C f or 

twenty four hours . 0 All reconstitut ed milk was stor ed at 3 C until 

required, b ut none was kept  longer than thirty six hours . 

, I 
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Tallow was heat ed to ea . 60°C in a small metal bucket to  

which was a dded .:;% ( vr/w ) of  G .M. S .  The mixture was then tho-

r oughly b l wded wi tb a wire wisk . The required weight of this 

lipid m:i.xture was poured into the warm reconstituted milk , then 

vi g o r ously agitated ana passed twi c e  t hrough a gear pm;;p and 

spray nozzle  at 60·-70 p . s  .i o pressm� e n  Th e weight of  tallow 

incorp orat ed in t o  the mil k v;as fotmd by differenc e b etween the 

dry matt er c ont ent before and aft or the adCl.ition of fat . This 

milk als o  was stor ed at 3°C until required . 

Initially, and s everal times during the exp eriment , the 

fat globule size  of th e homogeniz ed tallovt- supplement ed milk 

was measured using an opti cal micr o s c op e  with a calibrat ed eye-

piec e .  Milk samples were taken b oth immediat ely after pa.ssing 

through the homogeni z er and after the milk had been stored in 

th e cool ro om for severeJ hours o Whole rrilk was us ed to provide 

a comparison o f  the fat globule si ze ,  but no statistical analysis 

of size distribution was carried out o 

kt the b eginning of each new t en-day p eriod the calv es were 

weighed and the feed requirement for the following ten days deter­

minedo The milk was weighed ( :t. 5g) into tared calf buckets t o  

which was add.ed a � 5g measure of a calf mineral supplement : 

, ---- . 
c·omp osi tion of calf mineral suppl Ement ( active in­

gredient/454g of supplEment ) 

58 5,  000 i .-:�
-r -------

Vitamin A. Fe  O o51 g 
Vitamin D3 56, 000 i . u .  Zn 1 . 25g 
Vitamin E 348 i .u .  Mn O o 26g 
Vitamin c 5 . 59 g Cu 0 . 1 2g 

I Oa006g 
C o  o . oo3g 
Mg 5 .04g 

:..__ _____ __ _____ _ ___ _ 

The buckets of milk were then pla c ed in a large heated water bath 
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W11 en a ll th e rri1k h ad b e en comn.med the bu cket s wer e  s crubbed. 

in hot wat er containing a det ergen t ancL saniti s er and then rin sed . 

B etween feedings th e bucket s wer e  kept immers ed in a di l1.1t e anti-

bacterial wat erbath . R efusals wer e weigh ed. p rior to th e following 

feeding . 

Th e calv es were weigh ed on arrival , a nd b efore feeding on the 

fo11owing two days with th e averag e of th ese weights b eing us ed as  

the indep endent variab l e  for th e sub s equent analy sis of covarianc e .  

Calv es w er e  also w eigh ed at the c ommenc ement of th e exp erimental 

p eriod, and on ent ering and l eavi ng the cal orirr,et er o Th e thr e e  

caJ.v es not o n  ' baJ.a n c e '  w ere w eigh ed at t en-day int erval s .  All 

calv es wer e weigh ed on two cons ecutive day s at th e end of the exp er-

iment . Weigh ings were done on a p ortabJ. e  ' Avery ' w eighing p latform 

accurat e to 0 . 25 kg .  

2 o 6 o  C alf H ea1th 

c·alv es w ere kept under constant surv eilJ.an ce for s couring and 

any other outward s igns of p o or h eB.l th . Twi c e  daily during th e 

tlirty-day exp erimental p eri od a subj ectiv e obs ervation of th e con-

sist ency of the fa eces was r ecorded fo r each calf using the 

following s ix p oint scal e :  

0 firm, dry fa ec es 

1 moist fa eces 

2 wet fa ec es 

3 very w et fa eces 

4 s cours 

5 s ev ere s cours 

Th e h igher of these two class ifi cati ons ( i o  e . , that describing th e 

lower apparent fa ecal d .  m .  c ont ent ) was us ed in the subs equ er.t Chi-

S quare analysis . 



Tr ea tment for s c our s involved the immediate halving of 

the daily milk ration f oll ovt eC: by a gradual re-introc:'cucti on 

over th e followin g  thr e e  days .. Chroni c s cours w er e  furth er 

t r eat eC: v.rith a 5g sulpharn etb a z jn e  t ab let for two days and 2 .  5g 

o n  the t hird day . Sever e s cours w ere t r eat ed by f e ed.ing very 

di lut e milk forti fie d witb 0 . 3 kg glu co s e, 0 . 1  kg Kaolin clay 

and 0 . 30 kg of a propri etary el ectrolyte mix o Witb c ontinued 

s evere s ecuring oxyt et racyl in e clrt1g s w er e  used . •  

All calv es when not in the calor:im.et er w ere k ep t  in meta­

b o lism crat es in tw o c ontro lled t emp eratur e rooms for th e 

durat i or: of the exp eriment . Amb i ent t emp eratur e was mainta in ed. 

at 1 5
°

C ( �  1 °C ) . 

During the p r eliminary p eriod tb e animals sp ent at l east 

two days in the indir ect cal orirr:et er during which t ime a clos e 

wat ch was kep t and any ne cessary a djustments to th e calorimet ers 

wer e  macle o  

Two cal orimet ers were us ed. and the calv es w er e  alt ernateC: 

b etw een th em in order to rand omi s e  any unc orr ect ed syst emati c  

errors . 

Operation of t he cal orimeters 

Each calorimet er consi s ted of a chamb er of ga lvanis ed sheet 

metal on rigid st eel framew ork . 1 .  7m x 0 .  7m x 1 . 5m high ( int ernal 

measur ement s ) , with a front and b a c k  d.oor s 8aled by rubber gasket s . 

B oth chamb ers were instuat eC: with 2 . 5 cm thick �panded p olysty­

r er. e .  The front door s of the chamb er had built into them a feed 

and wat er trough whi ch was a cc es sibl e thr ough a 0 . 3m· x 0 . 3m rubb er­

s eal ed hat ch . A p ersp ex window p rot ect ec. by wire mesh in b oth ba c k  



25. 

2.7. 1 .  ( c ont ' d) 

and fr ont doors enabl e d  t h e  op erator t o  insp ect th e animals wi t hin 

th e chamb er ; how ever , the animal s  within each chamb er c oula. not 

s ee ea ch oth er . 

The c a l culat ed. v o lume of each cal orimet er was 2, 200 litr es . 

0 
The a ir t emp eratur e  within the cal orimet er was contr oll ed at 1 5  C 

( � 1 °C) by mean s of a wat er c o oled h eat exchanger and a th ermo-

stati cally contr oJ.J.ed el ectr i c  h eat er mount ed above a fal s e  c ei J. i ng 

b en eath th e t op of th e chamb er . A small ele ctri c fan forc ed a ir 

through t h e  air- c ondit i oning unit concoiPit ant ly mixing the inc oming 

a ir with t hat air alr eady in th e chamb er . 

Air was exhau st ed fr om each chamb er, by two rotary va cuum pump s  

mounted in paraJ. l el ,  through a 2. 5 cm diamet er P.V. C .  pip e s et in 

the t op of the r ear door of th e chamb er . Fr esh air was drawn fr om 

out s ide th e bui l ding and er.t er ed. th e chamb er through a 2. 5 cm op er.-

ing ab ov e th e wat er tr ough in the frcnt door of the chamber . Ea ch 

calorimet er was op erat ed at a p r e s sur e of about 2 cm wat er guag e 

below atmo sph eric p r e s s ur e  in a w el l  v entilat ed, t emp eratur e con-

tro l l ed ro om .  

T h e  exhaust ed. a i r  was drawn through a dev i c e  whi ch c o o l ed i t  t o  

ab out 3
°
C ,  and then into a ro om th ermo stati cally h eat ed t o  28°c .  

Thus th e air was re-h eat ed t o  a const ant t emp erat ure b efore b eing 

drawn thr ough two dry-gas met ers c onnect ed in s eri es . The air 

t emp eratur e  was measur ed as it left the c o oling devi c e  and again a s  

it l eft the gas met ers . A s  the a i r  w a s  as sumed t o  b e  saturat ed o n  

l eaving the air c o o l er a n  estimati on o f  th e water vap our p r es sur e 

could b e  made . Barometri c p r essur e  wa s a l s o  r e c orded . With this 

data it was p o s s ib l e  to c orrect the met er ed volume o f  air to c on ditions 

of S . T . P . D . 
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An autorr.atic solenoid switching syst em enabled srr.all samples 

of air ( 1 1 /ruin) �o  b e  drawn by a small electric d.iaphragm pump 

from b o th the incomine>; fresh air- before it entered the chambers , 

and the exhaust air on l eaving th E) chambers . Th es e air samples 

were dr i ed in tw o s ep arate 3m x 2 . 5 cm diameter si li ca gel c o lwnn s . 

The system of soler:oid valu es enab l ed exhaust air to b e  dTavrn 

alternat ely f'rcm each cal o rimet er for four-minute intervals, and 

fresh air for an eight minut e interval every four hours . Th er. c e ,  

the small samples were pump ed through an automatic infra-red carl:·on 

d.:i.oxide analyser ( range  0-1 . 5% co2) and an autorr..atic paramagnetic 

oxygen analys er ( rang e 19-21% o2 ) connected in series . The elect-

rical output from each analys er was cc.nnected to a s eparate channel 

of a two-- char.nel recorder ( C o 5 mV full range) . Th e recorded traces 

for a tvrenty one to twenty three ho1.Jr p eriod w ere int egrated man-

ually with a travelling p lanimeter . B oth gas analys ers and the 

recorder were calibrated dai ly by p umping through them two differer:t 

compressed-gas mixtures of known composition . The C02 and o 2  content 

of these mixtures, determined volumetrically with a Lloyd-Haldane gas 

analyser, were 0 .988% and 20 .339%, and 0 .972,1o and 19o842% resp ectively . 

The calculated respired gas volumes, corrected to S . T .P. D . , vrere 

further adjusted for the change in the chamber air co mposition between 

the beginning and end of each measttrement p eriod . 

Heat production was calculated using the formula of Brouwer (1 965) : 

HP :: 0 2 X 3 .866 + C 0 2 X 1 . 200 - N X 1 o431 

Where HP :: heat produced, kcals/24 hr 

02 = oxygen consumed, li tres/24- h._� 
C 0 2  :: carb on dioxide produced, litr es/24 hr 

N :: urinary nitrogen ex�reted, g/24 hr 

An example of the calculation of heat prod.u ction is shown in app endix 3 o  
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T es t s  appl i ed t o  th e calori metric equipment 

The dry-gas. met ers w er e  t e st ed a ga inst a sp ir omet er ( 1 50 1 )  at 

th e P a lmers t on North Gas D ep art�ent worksh op s ,  over the range o f  

fl ow rat es us ed in th e exp erim ent . 

The wh o l e  appara.tus was t est ed by the c ontr oll ed burning of 

a w e ighed a mount of ab s olut e a l c oh o l  within the cal orimet er for 

p eri ods o f  up to tw elv e  h ours duration . A s eri es o f  such t es t s  

produ c ed a mean measur ed 0 2 c onsump t i on of 97. 1 %  ( �  0.7%) o f  t h e  

th eoretical oxyg en c onsumption . 

The cal orimetric chamb er , t es t ed for air l ea ks by met ering 

s imultan eously the inc oming and out go ing air , revealed a leaka g e  

o f  ab out +3%; this r ep r es ent ing a gain o f  a i r  drawn int o the 

syst em . No l eaks w ere found b etw e en th e chamb ers and th e gas 

met ers . 

2 . 8  C ol l ection o f  Fa ec es and Urine 

Urine was funnell ed from th e metab olism crat e int o a p l a s -

t i c  bucket c ontaining app r oxi mat ely 2 . 'Y/o  ( v/w ) 0 . 1  N H2so4 o f  

th e p r evi ous day ' s ex c r et ed urin e .  Th e urine was w eigh ed each 

day and a thor oughly mix ed 1 0%  sub samp l e  wa s stored in a cover ed 
0 bucket at 3 C ;  aci di ty was maintained at approximat ely pH 2 .  

Fa ec es w ere c o lle ct ed on a flat metal tray with rais ed 

edg es ,  p la c ed under th e w ir e  mesh grat e of th e m et ab o li sm c rat e .  

Fa e c es w ere al s o  c o l l e c t ed daily, bulked int o ' ca l f  p eri ods ' and 

s t o r ed at - 1 2°C in a c o v er ed p lastic c o ntainer . 

With healthy c alv e s  urine cont aminat i on by fa eces was n egli-

g ibl e ,  but with s c ouring calves contamination did o c cur in s om e  

instan c es as a r esult of ov erflow from th e faec e co ll ection tray 
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into the urine buc ket. Urine contamination of faeces was not 
-

a significant problem . 

At the end of th e cal f' ' s balanc e  p eriod the bulked faeces 

were transferred to a plastic bag , weigh eel in the fro z en state 

cl · t cl at - 1 2°C • an agaln s ore The bulked urine subsample was 

thoroughly mixed and approx imately 2 litres was transferred to 

0 
a plastic bottle and stored at - 1 2  C .  The sp ecific gravity 

was clet errninecl gravimetrically. 

2 .9 Chemical M ethods 

Random sample s ( ea .  0 . 5kg ) of tallow, glyc erol-mono-stearate 

and of each batch of' milk powder w ere taken and stored in a 

. 0 
s ealecl plastlc bag at - 1 2  c .  

All chemi cal analys es were done in duplicate and wh ere nec es-

sary blank deterrranations were also carried out . 

Nitrogen determination 

The nitrogen cont ent of feeds and excreta was determined by 

the macro-kj eldahl method ( A . O .A . C . ,  1 965) . 

Bulked faecal samp l es were th:lVl ed, th en mixed for two minutes 

in a large electri c mixer . A 4-5 g subsample was put into a nitro-

gen-free plastic bag ( 0 . 5  g) and the bag plus contents dig ested in 

the usual way . A weighed sample was taken from the faecal sl urry 

( ea .  1 50 g) and oven-dried in a flat-bottomed metal dis h at 70°C 

for forty eight hours to determine the dry matter content . The 

dried faec es were then pulveris ed in a ' Waring Blend er '  and were 

stored in a s crew-top glass bottle for further analys es . 
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Lipid d et ermination 

A chlor oform-methan o l  fat extra ction meth o d  ( F olch , L ee s  

a n d  Stanl ey ,  1 957) was us ed to ·extract t h e  t o tal lip id from a 

4--6 g sample of dri ed fa e c es . Th e w eigh ed samp l e  was dilut ed 

tw enty times ( w/v) with a 2 : 1  chl oro form-methanol s olut ion . 

Aft er a thirty minut e extract i on p eriod, th e s olids w er e  r e-

mov ed by f iltrat i on through a s cint ered glass funn el (X-·2 ) whi ch 

wa s th en r ins ed with pure s olv ent. . Th e lip id- c ontaining filt-

rat e was transferred to a s ep arating funn el , dilut ed 2Cif'o vi ith an 

el ect r o lyt e s olut i on and l eft t o  stand ov ernight . The ' l ow er 

phas e '  c ontaining t h e  lip id was then tran sferr ed to a w eighed - ov en­

dried fla s k ,  th e s o lv ent r an  o v ed, and fla s k  p lu s  l ipid w er e  o v en­

dTi ed ov ernight b efore r e--w eighing . 

But t erfat fr om the B . M . P .  was extra ct ed by the method of 

P ears on ( 1 970 ) . 

Gross en ergy det erminat i on 

The gro s s  en ergy of fe eds , fa e c es and urin e were det ermin ed 

in an Adiabat ic B omb C a l orim et er .  Approximat ely 0 .75 g of B . M . P .  

was w ei gh ed int o  a p lasti c bag o f  known calorific value an d the 

t otal calorific va lu e was m ea sured . Fa ecal s amp le s  w er e  s imilarly 

analys ed . A 25 . 0  m1 urine samp le was p ip ett ed int o a p etri-di sh 

and t h en  freez e-dri ed for tw enty four hours . The p o lyth en e film 

containing th e urin e s o lids was folded tight ly and combus t e d .  

C o rrect ions w er e  made f o r  t h e  c alorifi c value o f  t h e  p o lythen e ,  

t h e  sp e ci fi c  gravity an d H2so4 content o f  the urine samp l e  when 

calcula t ing th e t o tal urinary en ergy . 

Statist ical Analysi s  

Analys is of energy ancl nitr ogen balance dat a 

Analys es o f  varian c e  for a rando rni z ed b lo ck d esign , as out lin ed 

by S n edecor ( 1 961 ) ,  wa s  us ed t o  t est for differen c es b etw e en calv e s , 
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2 . 1 0 . 2  

tr eatment s ana p er iods for all data obta ined in th e energy ana 

nitrog en bal anc 8s . Th e clas s ifi cation of t h e  e>..'Jl erimental obs er-

vations showing exp e ctati ons of th e mean s quares are sh ovm as 

f ol l ow s : 

S o1.:rc e  I 
1'r eatment 

P E:?riod 

TxP 

Animal within treat-
ments 

Error 

Total 

0'" 2  = 

o-2 
d. = 

T 1 = 

P; = 

A· · 
I J = 

r = 

d o f o  

( t- 1 ) 

( p - 1 ) 

( p - 1 ) ( t - 1 ) 

t ( r-1 ) 

t ( r- 1 ) ( p - 1 ) 
1 

( t . p . r o - 1 )  

RY.:p ectation o f 

� " '==B 2 
er +P�t- 1 · � Ti 

2 +.£1 � C) p- 1 · p 2.  J 
2 r � 2 

0' +( p-l)(t-1 )' ·  " i j  I J  

cr 2 + p.o-;}-
0' 2  

exp erimer:t a l  error 
animal varian c e  
t r eatment effect 
P eriod eff ect 

M . S . 

tr eatment x p eriod int era c t i o n  
nurrb er o f  animals p er tr eatment 

T esting was carried out as follows : 

( a ) T r ea�ment s - The ' animal w ithin treatment s ' mean s quar e  
was us ed to t es t  for differen c es b etw e en treatment means . 

( b ) D i ff er en c es b etw e en p eri o ds , animals and tr eatment x 

p eri o d  inter-a cti ons w er e  t es t ed against the error mean 
s quar e .  

R egress ion an alysis 

The r elat ·i.onsh ip s b etw e en en ergy r etained ana b oth gr o s s  

energy ana m et ab o li zab l e  en ergy int ak e ;  ana log h ea t  p r oduction 

ana log liv eweigh t ,  w er e  mea sur ed by analysis of r egres s i on 

( Snedecor, 1 961 ) .  As r egress ions ba s ed on the p o o l ed dat a  w er e  

confounded by anima l ,  p eri o d  ana tr eatment effect s ,  thes e w er e  
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2 . 1 0 . 3  

2 . 1 0 . 5 

r emov ed and a measur e o f  th e error r egr es s i on obtain ed. Wh ere 

variations b etw een tr eatment s iR th e r elat ionship w er e  susp ect ed , 

inoividua l r egression analys i s  were made for each tr eatment . 

C ovariar1ce ana ly�i s  

Th e r elati onship b etw een livew ei ght s a t  the end of ea ch 

p eri o d  and the init ial p r e-tr eatment liv ew eight was analys ed 

us ing c ovariance analysi s ( Snedecor ,  1 96 1 ) .  

Fa ecal obs ervati ons 

Analysis of Chi-S quar e  ( S n edecor, 1 961 ) was u s ed t o  d et ect 

for diff er en c es in fa ecal dry mat t er c l a s s i fi cati ons b etw een 

tr eatments .  

S ignifi c anc e of differ en c e s 

The meth o d  of l east s ignif icant differ en c e  ( S n ede co r , 1 961 ) 

was u s ed t o  l o cat e th e di ff er en c e  b etween means which were s t at i s-

t i cally s ignifi cant . 

Not e 1 :  

The following signs have b e en us ed throughout t o  des crib e 

t h e  level of s igni ficanc e o f  diff er ences b etw e en m eans : 

Not e 2 :  

* * *  

* *  

* 

N . S .  

D iffer en c es s ignifi cant at the 1 %  l evel 
of probabili-ty . 

D i fferen ces signifi cant at th e 5,% l evel 
of p robabi lity . 

D ifferen c es signifi cant at the 1 Q%  level 
of probab i lity . 

D iffer ences not s ignifi cant " 

S . E. S tandard Error of th e mean. 
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SECTION TWO 

SKIM - MILK POWD}Jl EXPF.RTIViENT 

Thi s exp eriment was d esigned in a manner ident ical to tha t  

a l r eady des c ri b ed , with t h e  ex c ep t ion that S . M . P .  ( 1% mi lk fat o n  

a dry matt er ba s i s ) was us ed in p la c e  of B.M. P. which contained 

9fo milk fat . 

Thi s  exp erim ent wa s t erminat ed a ft er t en days of S . M . P .  feed­

ing and c o n s e q_u ently no ' balanc e ' dat a  w er e  obt ained. How ev e r ,  

f a e c a l  ob s e:covat ions w er e  r e corded o n  thirty s ev en calf-days . 

B ecau s e  c. f  the short durat i on of thi s exp eriment the r e sul t s  and 

d i s t ;n fHo :i  on of thi s  s ec t i on of th e work hav e  b e en g iv en l es s  emp ha s i s  

tha t  th o s e  o f  th e B . N! . P .  exp eriment . 
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CHAPTER THREE 

RESU LTS 

S ECTI OI\' ONE 

Animals 

G eneral 

The calves quickly s ettled into their metabolism crat es and 

readily drank their milk from bucket s ,  with the exception of calf 

14 which had frequently to be coaxed into drinking . This calf 

was the only one t o  refus e milk while in a stat e of good health . 

In the calorimet er the animals r emained quiet at all times . 

Health 

The p o oled subj ective faecal consist ency score of the four 

calv es within each of the three treatments have been summaris ed in 

app endix 2 .  'rhos e calves fed the ta llow supplement had consider­

ably firmer faeces than their mat es fed solely on B . M . P . : only one 

cas e of scours b eing recorded against treatment HT , whereas eleven 

cas es was r ecorded against treatment 1 and nine against treatment 

H .  Chi-S quared analysis showed scouring ( viz .  classifications 4 

and 5)  t o  be  dep endent on the fat c ont ent of the diet ( p < 0 . 05) . 

Many of the calves showed a t endency towards s couring wh en 

changed from a whole milk diet to  the experimental diet . However 

this t endency was only of short duration and faecal observations 

during the change-over p eriod were not included in the above ana­

lysis . The single case of scours recorded against treatment HT 

( calf HT1 ) occurred during the first p eriod on the experimental 

diet . 

A quantitative faecal dry matter analysis was also carried out 

using data from oven-dried faeces coll ect ed from the nine calves 



TABLE 3 

Treatment 

1 

H 

HT 

Percentage Dry Matter of Bulked Oven-Dried Faeces Collected D�ing the Five-Day 
Bal��ce Periods . 

I 
Calf Period 1 mean Period 2 mean Period 3 mean Treatment 

I Mean .:l:- S .E .  

11 1 3 . 7 3  1 4 . 28 1 9 . 42 + 
12 1 7 . 89 1 6 . 52 1 5 . 62 1 5 . 36 1 4 . 55 1 7 . 7 5 1 6 . 54-0 . 85 I 
13 1 7  · 9 5  1 6 . 1 9 1 9 . 2 7 I ! 
H1 1 7 . 2 3 1 5 . 60 1 8 . 7 3 
H2 1 8 . 6 5 1 5 . 89 1 3 . 76 1 4 . 96 1 4 . 49 1 6 . 8 1  + 1 5 . 89-0 . 8 5  
H3 1 1  • 8 1  1 5 . 52 1 7 . 22 I 

. .. I 

. HT1 2 3 . 90 2 1 . 2 1  20 . 40 I -'-
HT2 1 8 . 36 1 9 . 97 1 9 . 20 1 9 . 89 24 . 89 22 . 1 4 20 . 66..:.0 . 85 
HT3 1 7 . 64 1 9 . 25 2 1  . 1 3  

Period mean ± S .E .  + 1 7 . 49-0 . 85 1 6 . 73±0 . 85 1 8 . 90±0 . 85 

Significant Result HT > 1 H*** 

'VJ � . 



TABLE 4 

Calf 

11 
12 
13 
H1 
H2 
H3 

H4 
HT1 

�-- -------

�yPe of Drug Administered as Determined by Faecal 
Consistency and Slowness  of Recovery of Calves to 

Normal Health . 

Period 1 Period 2 Period 3 

S .M . * 

X 

X 

X 
--

O .T . C .f S .M .  

X X 
X X 
X X 

X 

X 

* sulfa methazine 
t oxytetracycline 

O . T . C .  S .N. O . T . C . 

X 
X 
X 
X 

X X 

X 
X 

---- ------

I 
I 

\.)J 
\J1 

. 
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during their resp ective fiv e-day balanc e p eri ods . Th e:3 e  data are 

summari s ed in table 3 . Analys es show that calves on tr eatment H'r 
. 

voided firmer faeces than calv es on the oth er two tr eatment s 

( p  < 0 .01 ) ,  but differences b etw een p eriods w ere not signifi cant . 

It is int er esting t o  not e the clos e agreement between the tv1o 

fa ecal paramet ers used in vi ew of the fact that the qualitative 

assessment was bas ed on all tw elve calv es during the entire thirty-

day exp erimental p eri od, w0ereas th e quantitat ive measures were 

bas ed on the means of only thr ee five-day balance  p eri ods of nine  

calv es . 

Calf 14- dev elop ed s evere and chronic scouring at one vveek of  

ag e and subs equ ently required v et erinary treatment . As  sulphona-

mide drugs w ere ineffective in controlling s couring an oxyt etracy-

cline was us ed with this calf,  and subs equently with other calv es ,  

when necessary . Tab l e  4- summari s es the p eriods during which indi-

vidual calves w ere tr eat ed with drugs for dig estive dis orders. 

Calf HT1 , during its final balance p eriod, develop ed a s evere  

infection of  the  right hind hock which app eared to caus e great di s­

comfort . The calf ' s rectal t emp eratur e ( 39 . 8 - 4-0 . 6°C )  vvas  slightly 

above normal during this p eriod and its r esp iratory rat e was nearly 

double that of two other healthy calves viz . 50 - 55 as  compared with 

29 and 37 • .  

Livew eight 

The mean growth curves for each group of calves recorded during 

the experiment are shown in figure 2 and all data ar e su�naris ed in 

table 5 .  The mean liveweight gains , adjust ed by covarianc e analysis  

for differenc es  in initial liveweight , over the thirty-three day 

p eriod from the commencement of the change-over period w ere 0 . 57 ,  

0 .73 and 0 . 62 kg/day for treatments L ,  H and HT resp ectively . Thes e 
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DAYS FROM Ct:M£NCEfENT OF TREATMENT 

Fig . 2  The average growth curve for each o f  the 3 groups 
o f  calves . 
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T.P.BLE 5 

_ .... _ 

Calf 

11 

12 
13 

L'-t. 

Mean 

H1 
H2 
H3 

H4-

Mean 

H'i.'1 

HJ:'2 

H73 

H�4-

Mean 

38 . 

1iveweight Data fr_?m Calve s Fe d 
Bu ttermilk Powder 

Xo x1 y 
2 

38 . 7  h0 . 9 4-6 .• 4-

4-1 . 1 4-3 . 4- �B o 9  

4-6 . 3  4.8 . 5  52 .2 

32 0 6  33 . 6  37 . 9 
. 

39 . 7  4-1 • 6 1�6 . 3 

34-. 7 36 . 8 4-3 . 0 

35 . 4- 38 . 8  45 .2  

35 . 9  36 . 9  4-1 . 1  

4-5 . 6 4-7 .2  54- . 0  

37 . 9 39 . 9  4-5 . 8  

4l: 
• 4- 4-{ . 6 50 . 0 

35 . 4- 3 9 . 3  4-5 . 7  

37 . 7  4-0 . 9 41; . • 8 

4-3 . 4- 4.4 .• 5 4-9 . 9 

4-0 . 2  4-3 . 1  4-7 . 6 

y3 
52 . 9  

5 5 o �-

6 0 . 4-

42 . o  

52 o 7 

4-9 . 7 

51 .2  

4-8 . 8  

61 . 0  

52 . 7  

56 . 1  

50 . 6  

51 . 4-

59 . 0  

54- . 3 

x0 = liveweight prior to commencement of  change-
over period. 

Y1 = li veweight at commencer.1ent of period  1 .  
Y2 = livewei ght at  end of period �- . 

Y3 = livewei ght at  end of period 2 .  

Y4- = liveweight at end o f  perio d 3 . 

Note : All wei ghts are means of two conse cuti ve 
daily wei ghings except Y2 and Y7 for the 
fourth calf in each groupo  :.; 

---, 
YJ+ i 

59 . 2 

61 0 6  
66 o 2  

4-9 . 3  

59 . 1 

57 .4-
58 . 9  

56 . 7  

6 9 . 4-

6 o . 6  

61 . 5 

61 . 3 

57 . 4-
65 . 6 

61 . 4-
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differences were not statistically significant ( s ee app endix 3) . 

Calves 13 , 1�. , H3 , HT1 and HT3 gre)v slowly during their first 

t en-day p eriod;  the growth rat es being O o 1 7 ,  0 .43 , 0 .42 and 0 .40 

kg/day resp ectively . C onvers ely calf 13 had a very rap id apparent 

gain during it s s econd t en-day p eriod,  bui. calf 14� which oft en 

r efus ed it s milk, continued to  grow slmvly relative to its group 

mat es . Th ere was , how ever , little indication that calf HT 1 

suffered any s et-back in growth during p eri od 3 ,  even though it was 

obviously under c onsiderable  stress as a result of its infect ed hind 

hock. 

3 o 2  D erivation of the Exp onent of 1iveweight 

All balance data have been exp ressed in t erms of unit liveweight 

raised t o  the p ower 0 .  75 in accordanc e  w ith Kl eib er '  s recommendation 

t o  the Europ ean As s o ciation of Agriculture Production ( 1 965) . Th e 

actual exp onent app li cabl e  to  this  group of calves was det ermined by 

regression of the p ooled data of  log heat production on l og live­

weight ( figure 3 ,  app endix �-) from which the following e quation was 

derived: 

Y = O o852 ( !o .os ) x + 2 . 007 

where Y = log h eat production 

and X = log liveweight 

This  exp onent o f  liveweight ( b  = 0 .85)  is in reasonable agr eement 

with Kleib er ' s value of O o75,  and thus j ustifies the us e of the lat­

t er value in analysing the pres ent results , parti0ularly as this 

exp onent is  now the accepted ' standard' - the use of  whi ch al�ows 

comparis ons to be made with the r esults of other workers o 
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I nt ak e  and Di ge s tibility 

I:r.tak e 

Th e calves ' energy· r e quir ement s H e r e  fo�:�J L:.t r�'J on the c ::. ::; i s  

,.. .c> their liv ei7 eight (kg 1 •0 ) · s i nc e al l quot ecl r <:: '�·l i r e:.lf e;n t s  &r e:: 

':J =. s e O.  on this unit of l iv ew eight . J.1ean daily ints.ke of the 

t t · cl '  t ( �: ;:- 1 • 0 )  a.' ' lr-i ._,._ , _:-: "o "!_ r: '_rJ o f :-.s..j or c: o nst i tu ent s o f  he r esp e c.: l V e  l e s per - - :::- -� � - �  - - -

t[-_ s  tl:c.r ee t en- day p eri ods hav e b s en summari s ed in -t ab l e  6. Dry 

:-..s.-: -: er ,  c:ru d e  p ro t ei n and milkfat int a k e s  ;;; er e s ign i fi s ant ly 

g r eat er in t r eatment H than in th e oth er tr.- c tr eat ::1ent s ( p < S . c � ) , 

aJ.. -":hough th e cal v es fed the t all Oi'f supp l ement !:e. d. a gr eat er i:r.": '.:l.:.-:'3 

cf -t otal d i etary fat . C a l f  L �  ·.'las  una c c ount a c �:J' o:� ed abov e i t 3  

::. . : ' .P .  all o�·:an c e  during p er i od 1 acd h en c e  t h e  z::ear. in-t e:.ke o f  

cr·� c:.e p rot ein , but t erfat and gr o s s  en ergy ( of 3 . :.c .P.  origin) -:;- :;. ::;  

g:c- s=. t er by thi s group , than by th e t al l ovr-f ed gr ou.p o f  calv es . _!..s 

a s ons equenc e analys es of varian c e  h:::.v e  b e en s =.rri e-i out us i r,g -;_<:.-": '3.  

frc:1 p er i o d s  2 and 3 onl:;r , a s  ·:; ell a s  fr cm all t!:r s e  p eriods . 

Mean G . E .  intak e s  ( kcals/kg
0 

• 7 5  /day ) are s·r.::::=.ri s ed in th e 

s� srgy b a lanc e ( table 9 ) . C a lv e s  on t reat ment � and HT had a 3 � 2�-

i f i c a nt ly gr eat er G . E. int ake ( p  < 0 . 01 ) than t:Cs salves on t r s::. ": -

r:-:e�t L ;  th e differen c e  b ehreen tr eatment s  H a:r.a. �T -;;as s ign if � c ::. :r:t 

at t h e  1 c%  l ev el . C onsidering o nly the last t-a c.  :p eri ods , di f:· sr s� c ss 

i:r, S. . 'E. int a kes , s ignificant at the 5% l evel , -:: sr s in th e or der 

n > �1' > L .  Th e differenc e b et·;r een di et s H and !-:T car. b e  attr �·::;�_-: ed 

to a c onsi s t ent ly lovr er ... -than- int end. ed fat cont e..YJ.t in the t al l o-:;--

sc;:pp l ement ed milk di et . The l ow mean G .  E. and IT int ake s on tr <=;'3.t:nent 

H ,  :t: sri od 1 ,  r esult ed fr cm calves H2 and H3 r efu s ing their da ily 

rat i o n  on one o f  th eir resp e ctive f iv e-day ba lanr� e  p eri ods - this 

coinci ding w ith obs erv ed s c ouring b y  thes e calv e3 , 

Wh er ea s  the tall ow-f ed calves r e c ei v ed 9% mor e en ergy from di et ary 

fat than c a lv e s  on treatment s L a nd H ,  th� r ec eived 3,% l e s s energy in 

th e form of p r ot ein ( t ab l e  6) ; la ct o s e  was a s sumed t o  c o nt r ibut e the 

_ ____ ,., � - �  ..__ - -- __ _ ..  ... 



TABLE 6 

Treatment Period 

1 
L 2 

3 

1 
H 2 

3 

1 
HT '"' L 

3 

Mean Daily Ration · of B .M .P . ,  Protein , Butterfat and Tallow/kg Liveweight , Fed According to 
the Calf ' s  Weight at the Beginning of each Period : Percentage of Gross Energy Intake Derived 
from Protein and Fat ; and Percentage of Total Dry Matter Intake as Fat . 

Liveweight at Dry Matter 
Commencement Intake 

of Period B .M.P . 

(kg) (g/kg/d ) 
44 . 27 22 . 08 
49 . 29 20 . 34 
54 . 20 1 9 . 2 5  

37 . 49 24 . 78 
42 . 90 24 . 75 
49 . 80 26 . 35 

4 1 . 90 20 . 1 5 
46 . 80 1 9 . 99 
50 . 00 1 9 . 77 

Protein cjo G . E .  Intake Butterfa.t 
Intake Derived from Intake Protein t 

(g/kg/d ) % (g/kg/d ) 
7 . 08 29 . 3  2 . 02 
6 . 36 28 . 5  1 . 80 
6 . 07 28 . 6  1 .  7 1  

7 . 94 30 . 0  2 . 1 4 
7 . 78 28 . 6  2 . 1 5  
7 . 47 28 . 4  2 . 1 0 

6 . 46 2 5 . 6  1 . 76 
6 . 30 2 5 . 5  1 .  70 
6 . 27  26 . 2  1 .  76 

� 4 . 27 kcals/gm milk protein 
�� {8 . 79 kcals/gm butterfat 

�9 . 44 kcals/ gm tallmv 

Tallow % Total d .m .  
Inta.1ce Inta."ke as 

Fat 

(g/kg/d ) (%) 
- 9 . 1 8 
- 8 . 8 3  
- 8 . 90 

- 8 . 6 5 
- 8 . 69 
- 8 . 86 • 

1 .  37 1 2 . 80 
1 . 37 1 3 . 05 
1 . 1 0 1 2 . 0 1  

% G .E.  Inta.1ce 
Derived from 

Fat ff 

(%) 

1 6 . 0  
1 6 . 6  
1 6 . 8 

1 6 . 5  
1 6 . 3  
1 6 . 9  

2 5 . 9  
26 . 1  
24 . 5  

£: 
Pl 
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Mean C oefficients o f  the Percentage Apparent Dige st­

ib ility of C rude Pro tein ,  Ether Extrac t , Dry IvJ"atter 
and Gro s s  EnerBY . 

Treatment 
Period 

Period . 

1 H HT Mean 

C RUDE PROTEIN 

1 90 . 2  87 . 0  90 . 3  89 . 2  
2 89 . 2  93 . 6  90 . 9 90 . 9 
3 92 . 5  94 . 0  9 3 · 3 9 3 . 2  

Treatment Mean 90 . 6  9 1 . 5 9 1 . 2 
' 

Signi ficant Effect Tre atment s N . S .  Periods -

ETHER EXTRACT 

1 92 . 8  89 . 1  9 3 . 2 9 1 . 7 
2 9 1 . 8 9 5 · 5 94 · 4 93 · 9 
3 9 5 . 0 94 · 9 9 5 . 0 95 . 0  

Treatment Mean 9 3 . 2  9 3 . 2  94 . 2  

Significant Effe c t  Treatments N . S .  Periods -
--

DRY MATTER 

1 9 5 . 0  9 3 · 3 9 5 . 0  94 . 0  
2 9 3 . 8 9 6 . 4  95 . 2 95 . 1 
3 · 9 5 · 5 9 5 · 9 96 . 0  95 . 8 

Treatment Mean 94 . 8 9 5 . 2 9 5 · 4 

Significant Effect Treatments N . S .  Periods -

GROSS ENERGY 

1 94 · 5 92 . 7  94 . 1  9 3 . 8  
2 95 . 1 96 . 3  94 · 4 95 · 3 
3 9 5 - 5 96 . 2  9 5 · 4 9 5 . 7  

Treatment Mean 9 5 . 1  9 5 . 1  94 . 6 

Significant Effect Treatments N . S .  Periods -
-

S . E .  
of 

Means 

+ -0 . 9 
>'� 

1 < 3 

+ -0 . 6  
*** 

1 < 3 

+ -0 . 2  

N . S .  

.:to . 6  
* 

1 < 3 
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A. Wholemilk 

.:_.) . 
- ( . l e . ·'-{ 

B. B . M . P .  plus Tallow 

PLATE 1 .  Photomicrographs of Fat Globules in ( A) Wholemi�k and 

( B) Reconstituted � M. P. plus Tallow. 
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Fat gl obul e s i 7. e  

Micr o s co p i c  mea sur em ent s o f  t h e  fa t gl obul es i n  the homo­

g eni s ed t aJ. l ow di et s howed t ha.t they wer e  mainly in t he ranGe 

1 to 7 p  di amet er , with v ery f ew b eing gr eat er than 1 0 p . 

Alt hough it wa s no t p o s s ibl e  t o  di s ti ngvish b etw e en tallow and 

milk fat it i s  proba'b le that the la rg er fat gl obul es w er e  of 

t a l l ow origin as prepared s l id es of B , J,l . P . showed that the milk ­

fat g lobul es ranged in s i .z e  fr c m  0 . 5 t o  4 . 0  p diamet er . Ph oto­

graphs of t h e  prepared tallow di et and of fat in who l e  milk ar e 

sh oVI'Yl in p la t e  1 ,  a and b .  "\Vho le milk was us ed in thi s  c ompa r i-

s on sin c e  it is widely a c c ep t ed that this is p r obably the i deal 

di et for young calves . 

Digestibil ity 

The c o effi cients o f  apparently digest ed crud e p r ot ein ,  eth er 

extra ct , dry matt er and gro s s  enerGY p r e s ent ed in t ab l e  7 sh ow 

no s i gni fi cant differ enc es b etween tr eatment s (p > 0 . 05) , a lthough 

the dig est ibility of th e fat , the p ro t ein and. t he energy increas ed 

s ignifi cantly with in cr ea s jng a g e  ( vi z . as livew eight and p lane of 

nutrit i o n  incr ea s ed) ( p  < 0 . 05) . 

3 . 4 Nitrogen B a l an c e  

T ab l e  8 summaris es t h e  mean values of nitrogen intake , fa ecal 

and urinary nitrog en l o ss es ,  and the app ar ent daily nit ro g en 

r et ent i o n ,  a ll o f  whi ch are i l lust rat ed in figure 4 ,  EXp r es s ed a s  

g/kg0 · 7 5/day, th e calv es fed the high l ev el of B . M . P ,  had a s igni­

fi cantly gr eat er intake of nitr o g en ( N) tha n  th o s e  fed th e l ow 

l ev el o f  B . M . P . ,  whi ch in turn had a gr eat er intake ( p  < 0 , 0 1 ) than 

the tal l ow-f ed calves . H ow ev er , analysis of th e last tw o p eri o ds 

showed that th e N intak es o n  t r eatm ent s 1 and HT w er e  s imil ar, but 

stati s t i c a lly less than on t r eatm ent H (p < 0 . 0 1 ) . Although the 



NITROGEN BALANCE: M ean Data of Three Obs ervati or.s/Treatment ( 6/k�v · r J/day) ; Mean P erc entage of 
D ig est ed Nitrogen R etained; Nitrog en R et ained/kcal M . E. Int ake ; and Rat io of 
Dig est eC. Nit ro g en R etain ed/kcal M . E. Intake . 

M easurerr.ent 
P eri o C. 1 I P eri o d  2 I -- P eriod. 3 Mean I i�!�t- l S i gni fican c e  of Resul t  

L I H J HT I L j H I HT ! 1 I_ H I HT L H I HT l ���� i Diet I P eri oc] !���� {44 I ! , t + * * *  
Nitrogen Intak e  1 2 .70 I 2 o83 I 2 .45 1 2 .44 1 2 . 86 2 . 3  2 o85 2 .1+5 2 . 53 2 . 84 ! 2 .43 -0 .04. 11 H > HT=L . N . S . I N . S .  

I � c::: I + -*�* I  7 2 .4:; 2 .85 2 .42 I -0 . 04. ,HH > HT-1 N . S .  N . S .  

0 . 1 9  0 . 24 0 . 1 8  0 . 17 1 + 
N . S .  

* *  
1 >3 N .  S .  Fa ecal Nitrogen I 0 . 26 0 . 36 0 . 24 I 0 . 26 

Urinary Nitrogen I 0 .96 1 . 24 1 .06 1 . 24 1 .49 I . 1 1  1 . 34. 1 .56 1 .24 

0 . 24- I 0 . 2 1  

1 . 43 1 1 . 1 4. 
1 • 52 ! 1 . 1 8  

-0 .04 

* 
H>HT=L 

o o 1 6  I 0 .  24. 

-· I i 1 0 1 8  I I I I I I 
+ -o .oe. * '� *  

3>1 N . S .  

R etained Ni trog enl 1 .48 

% D j g est ed Nitro-1 60 .9 
g en Intake 
R etained 

Nitr cgen R etain­
ed/kca+ M . E In� 6 .6 �  
( x  1 0-3 ) 

1 .  23 

49 . 6  

5 .4.7 

1 . 1 4  0 . 93 

51 . 6  42 . 9  

5 .05 I 4. .56 

% Digest ed Ni tro-1 0 . 27 I 0 . 22 I 0 . 23 I 0 . 21 
g en R et ained/kcaJ 
M . E. Intake 

1 . 1 8  1 . 03 

411- - 3 48 . 2  

5 . 05 I 4. . 53 

0 . 1 8 1 O o2 1  

0 . 93 1 . 1 2  1 .04. 

4.1 . 1  41 .9  46 .0 

4.. 50 I l; .• 68 4. . 62 

o • 1 9  I o • 1 7  l o • 24 

1 1 . 29 

1 . 1 2  
0 . 93 

48 . 3  

4.2 .0 

I 1 . 1 8  
I 1 . 1 5 I I 

45 . 2  I 
4.3 . 1  I 

f 

5 . 22 1 5 . 07 

1 . 07 
1 . 04 

48 .6  

47 . 1 

4 . 74 

0 . 22 I 0 . 1 9  I 0 . 23 

0 .  20 I 0 .  1 8  I 0 .  23 

f Analysis of Variance for Periods 2 and 3 

+ 1 -o .o7 

I 
l 

!o .o5 
!o .o4. 

+ 0 -3 . 1  

!2 . 24 

:!:o .22 

!o . o1 
+ -0 .01  

H> HT:L I 
! 

* :(..: ! 
H>ET�� ! 
H>ljT>L i I 

N . S .  
-r 
I 

N .  S .  

I 

K . S .  

* *  * l 
1
:

2=3 I 
.i.'i . S • I 

* 1>2=3 
N . S .  

N. S .  I N . S .  

N . S .  

* 

N. S .  

N .  S .  

N . S .  

N . S . 

HT L> H I 1> 2:3 I r� . s . 
* * *  

HT>L>H i N . S . i N . S .  

-t \. 
. 
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dai ly fa ecal N ex cr et i on of al l calv e s  decr eas ed with incr easing 

ag e ( p < O a 05 ) , thE!r e was no appar ent clif fer en c e  b etw een tr eatment s .  

Ani mal s r ec eiving the higher N in take, viz . t r eatm ent H ,  had a 

gr eat er urinary N ex cr eti on than tho s e  on th e l ower N inta ke 

( p < 0 . 1 ) ,  and in a l l  th r e e  tr eatm ent s urinary N was gr eat er in 

p eri od .3 than in p eri o d  1 ( p < 0 . 01 ) .  With r esp ect t o  nitr og en r e-

t ention, th er e vv er e treatment di ffer ences in th e order H HT = L 

( p < 0 .05 ) ,  and s i gnificantly mo r e  N was r et ai ned in p eri od 1 than 

in t h e  oth er two p eri oc1s ( p < 0 .01 ) . Ana lys i s  of the f inal two 

p erio ds show ed s ignifi cant di ffer enc es in r etained N of the ord er 

H > HT > L ( p < 0 .05) . 

B ecaus e th e N intake diff er ed betvr e en t r eatment s ,  an analysis 

wa s carr i ed out t o  t e st fo r a di ffer enc e in the p er c ent ag e of 

dig est ed nitrog en r etained. Although the p er c entag e r etained was 

gr eat est by th e t a ll ow-fed calv e s  during the lat t er tw o p eriod s ,  

this differ enc e did not r ea ch s i gnif icant prop ortions (p  > O o 1 ) .  

Th e v ery high appar ent mea n nitrogen r et mt ion in p er io d  1 by 

th e calves on t r eatm ent L i s  attrilmt. ab l e  t o  th e low nit r og en cont ent 

in the ex cr et ed urine of the calf 1.3 . S inc e the p er c entage o f  nit­

rog en in thi s ur ine samp l e  wa s ab out half that of all other urinary 

s amp l es , th e auth or ha s s ome doubt about t h e  validity of thi s  mean 

v alue ,  and th e sub s e qu ent analysis o f  r et a ined ni trog en ba s ed on a ll 

three p eriods . 

Ther e was no differenc e b etw e en t r eat m ent s in th e rati o  of N 

r et ained : M. E. intake ( p > 0 o 1 ) ,  but ther e  V!E:.. S a highly signifi cant 

declin e  in the rat i o  fr om p eriod 1 to p eriod 2 ( p , < 0 . 01 ) .  O f  

great er irrb :;r· r.:: t  t hough i s  the signifi cant ly great er rat i o  o f  app a r ently 

dig est ed nitrogen r etained M . E. intake in p eriods 2 and 3 of th e 

order HT > L > H ( p <  0 .01 ) .  



3 o5 ,Energy Balance  

48. 

The means of G .E .  intake, faeca J and urinary energy los s es ,  heat 

production, and estimated energy ret ention are prese.J.:.t ed in tal)le 9 
and shown graphically in figure 5 .  The G .  E. intake data have been 

di scuss ed in s ection 3 . 3 . 1 . Th er e were no significant differences in 

faecal en ergy or l'w.at los s es between treatments (p  > 0 . 1 0) , but ca lv es 

on treatment H lost significantly more m1ergy via their urine than did 

th e other animals ( p  < 0 .05) - this being asso ciat ed with the greater 

urinary nitrogen ex.cretion by thes e animals . The co efficient of 

c orrelat ion betw·een th e p o oled urinary energy and urinary nitrogen 

data was found t o  be  +0 .77 , and the prediction equati on from regression 

analysis t o  b e :  

UE = 9 .4.5 UN + 0 . 24 

where :  UE = urinary energy ( kcal s )  

UN = urinary nitrogen ( g) 

There vrere no significant trends in the amount of energy retained 

bas ed on the analysis of variance of all three p eriods ( p  > 0 . 1 ) , but 

analysis of the last tw o p eriods showed that calves fed the tw o high 

energy diet s retained more energy than did thos e on the low enere;y 

diet ( p  < 0 .01 ) .  Similarly, only in the analysis of the last two p er­

iods was th ere any significant difference in the ratio of energy 

retained : M . E . intake where the ratio was signi ficantly greater for 

groups H and HT than for group 1 ( p  < 0 .05) . This ratio did not change 

with increasing age.  

Ihe total energy retain ed was partitioned into that retained as  

prot ein and that retain ed as fat using a value cf.' 5 .  7 kcals/g of  pro­

t ein (N x 6 . 25) stored ( Brouw er ,  1 965) ; energy r etained as fat was 

estimat ed by difference fr om total energy retained. These data, and 

the ratios of en ergy retained as fat : en ergy retained as p r ot ein , are 

summarised in table 10 . Calves on treatment H dep osited a great er p er-



TABLE 9 
ENERGY BALANCE : Mean Data of Three Observations/Treatment (kcals/kg0 • 75/day ) ; Mean Percentages of Apparently 

Digested and Apparently Metabolised Energy Retained .  

PERIOD 1 PERIOD 2 PERIOD 3 MEAN S . E .  SIGNIFICANCE OF RESULT Treat-MEASUREMENT 
1 H HT 1 

Gross Energy 246 . 2  255 . 1  25 1 . 8  228 . 5  
Intake 

Faecel Energy 1 2 . 7  1 8 . 4 1 5 . 2  1 2 . 9 
Loss 

Urinar:y Energy 8 . 7  1 2 . 5  1 1 . 0 1 1 . 6 
Loss 

Metabolisable 224 - 7  224 . 2  225 . 7  204 . 0  
Energy Intake 

Heat Produced 1 52 . 9 1 47 . 0  1 53 .4 145 . 6  

Energy Retained 7 1 . 8  7 7 · 3  72 . 3  58 . 5  

% Apparently 30 . 7  32 . 1  30 . 5  27 . 1  
Digested Energy 
Retained 

% Apparently 32 . 0  33 · 9  31 . 9 27 . 4  
Metabolised 
Energy Retained 

H HT 1 H HT I, H HT 

266 . 6  252 . 8  229 . 1  264 . 1  250 . 4  234 . 6  26 1 . 9 25 1 . 7  

I 228 . 8  265 . 3  25 1 . 6  

9 . 8 1 4 . 2  9 . 2 9 . 9 I 1 1  . 6 1 1 . 9 1 2 . 7 1 3 . 5  

I 1 1 . 0 9 . 9 1 2 . 9 

1 5 . 9 1 0 . 7  1 2 . 2  1 4 . 6  1 1 . 2 1 0 . 9 1 4 . 3 1 1 . 0 
1 1 . 9 1 5 . 2  1 1 . 0 

I 240 . 8 227 . 9 207 . 6 , 2 39 . 6 227 . 6  2 1 2 . 1  2 34 · 9  227 . 0  
240 . 2 , 227 . 7 205 . 8  

1 60 . 3  1 54 . 7  1 5 1 . 7  1 54 .  1 1 55 . 4  1 50 . 0  1 53 . 8  1 54 · 5  
148 . 6  1 57 . 2  1 56 . 0 I 

80 . 5  7 3 . 2  5 5 · 9  85 . 5  72 . 2  62 . 1  8 1  . 1 72 . 6  
57 . 2 83 . 0  72 . 7  

32 . 1  30 . 6  25 . 3  33 · 3  30 . 2  27 . 7  32 . 3  30 . 4  
26 . 2  32 . 4  30 . 8  

3 1 . 8  32 . 1  26 . 9  35 - 7  3 1 . 6  28 . 8  33 · 8 1 3 1 . 9 

j_ 27 . 2  33 · 7 1 31 . 9 
____ __l_____ _____ ----

I Analysis of variance based on periods 2 and 3 

ment 
Mean 
+ -4 . 0  
+ -2 . 3  
.J.. ..:.2 . 2  
+ -2 . 1  
.J.. 
..:.o . 6  
±o . 6  
+3 � 
- . c:. 
+ - 1 .45 

±3 . 6  
+ . 
-4 . 5  
.J.. 
..:.5 . 7  
+ - 3 · 9  

±1 . 8  
.J.. ..!. 1 .  7 
+ - 1 . 9 

Die t  
*** 

H=HT > L  
*** 

H= HT > 1 

N . S .  

N . S .  

** 
H>HT= L 

N . S .  

'*** 
H=B"T > 1 

. *** B">HT > L 

N . S .  

N . S .  

N . S .  
*** 

H=HT > 1 

N .  S .  
* 

H=HT > L 

N . S .  

+ . ** 
- 3 · 4  I H=HT> 11 

Period 

N . S . 

N . S .  

*-"-
1 > 3 

l� . s ,.  

N . S .  

1� . s .  

n . s .  

N . S .  

N . S .  

N . S .  

N . S .  

N . S .  

N . S .  

N . S .  

N. s .  

N . S . 

Inter-
act i on 

N . S .  

N . S .  

N . S .  

N . S  • . 
N . S .  

N . S .  

N . S .  

I N. S .  · I 

N . S .  

* 

N . S .  

N . S .  

N . S .  i 
i 

N . S .  

N . S .  

N . S .  

+ \!) . 
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TABLE 1 0  

Heasurement 

Protein Energy 

Retained/kg0 · 75 

Fat Energy 
Retained/kg0 · 7 5  

Fat Energy : 
Protein Energy 

% Energy Retained 
as Protein 

The Partition of Retained Energy as Protein and Fat (kcals/kg0 • 75jday ) ; the Ratio of Energy Retained 
as Fat : Energy Retained as Protein ; and Percentage of the Total Energy Retained which was Retained 

as Protein . 

Period 1 Period 2 Period 3 I Mean S . E .  Significance of Result 

1 H HT 

52 . 72 43 .8 1  40 . 6 1 

20 . 67 37 . 1 4 29 . 9 1 

0 . 39 0 . 86 0 . 74 

72 . 0 1  5 1 . 1 0 64 . 90 

1 H HT 1 H m 1 

33 . 1 3  42 . 03 36 . 69 33 . 1 3  39 . 89 37 . 04 39 . 66 

f 33 . 1 3  

23 . 1 4 37 · 36 35 · 30 24 . 78 45 . 6 3  35 . 14 22 . 86 
2 3 . 96 

0 . 70 0 . 89 0 . 96 0 . 75 1 . 14 0 . 95 0. 6 1  
0. 74 

59 . 07 53 . 53 52 - 43 57 . 29 46 . 65 5 1 . 33 62 . 79 

1' Analysis of Variance for Periods 2 and 3 

I H I m 

41 . 9 1 38 . 1 1  

40 . 96 37 . 04 

40 . 04 33 . 2 3  
41 . 69 35 . 22 

0 .99 0 . 88 
1 . 00 0 . 9 6 

50 . 43 56 . 22 

--

Treat-� 
ment Diets 
Mean 

±1 . 78 
"' *  

H > li'r=1 

±1 . 42 
** 

H > HT>1 

±5 . 2 1  N . S .  
+ * 
-3 . 85 H=H'r > 1 

I 
±o . 1 4 N . S .  

±o . 1 2 N . S .  

±4 . 35 

L_ I 
N . S .  

Inter-Periods action 
*** 

1>2= 3 N . S .  

N . s  N. S .  

N . S .  N . S .  

N . S . N . S .  

N . S .  N . S .  

N . S .  N . S .  

N . S .  N . S .  

\J1 ->. 
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3 .. 5 ( cont ' d) 

centage of the retained energy as fat ( p er kg0 •75liveweight) than 

the calves on treatment L( p < 0 .05L : the percentage retained as 

fat by the tallow-fed calves being between these  two l eve:::.. s . There 

was an apparent but non significant t renu for the percentage of fat 

dep osited p er day to  increas e witl 1 in creasing age .  

How ever, these  results may be Grc:oe.tly exae;gerated by the very 

high apparent nitrogen ret ention in p eriod 1 ,  treatment 1 ,  and c ons e-

qu ently the age effect in particular, may have little biological 

s :i gnificance . 

The relationshirs between energy ret ention and M.  E .  intake 

( app endix 8), ancJ energy ret ention and G. E. intake ( app endix 9 - pool ed 

data only) were analys ed by linear regression . As the difference be-

tw een r egressions of energy ret ention on M . E. intake for each treat-

ment was non significant, the data v1a :-o pooled and used t o  estimat e, by 

extrap olation to  z ero energy retEn t ion, the maintenance energy· 

reqn�.rement ( figure 6) . Th e following equations were  derived from 

the p o oled data of all twer:ty-s even energy balance exp eri ment s :  

where 

Y = O o708 ( �  0 . 09)  x
1 

-1 04. 8  

y = 

y = 

x1 
= 

x�2 
= 

0 .782 ( �  0 .09) 

energy reta ined 

G. E.  intake 

M .E .  intake 

x
2 

- 1 03 o7 

( kcals/kg0 •75
jday) 

( kcals/kg0 •75 
/day) 

( kcals/kg0 •75;day) 

The estimat ed maintenance  requirements being : 

8 I 0 .75
; 1 4  .o  kcals G . E . kg day 

3 6 I 0 .75
; 1 2 .  kcals M . E .  kg day 

whi. c:h is equival ent to  53 . 5  kcals D . E./kg livewei ght/day for a 50 kg 

calf ; a mean loss  of the D . E .  intake in the urine, found in this 

experiment to be 5 . 1%, was us ed t o  derive the D .E .  requirement from 

the estimat ed M . E. value above .  
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-
S ev era l of the cal ves in t h i s  exp eriment b e came emaci at ed an d v ery 

l ethargi c when f ed th e S . M . P. diet s .  Obs ervat i o nc e n  fa ecal chara ct eri s t i c s  

obtai.ned during the sh ort durat ion o f  this exp er iment , vrhi ch r eflect t o  a 

larg e ext er:t the p o or h ealth of th es e c a l v e s ,  are summaris etl in app endix 2 .  

Analys i s  of Chi-S quare c onfi rmed t h e  obs c: ·vat ion that th e calv es f ed t h e  basal 

S . M . P .  di et suffered from v ery s ev er e  s c ouring ,  v1hereas tho s e f ed th e tall ow 

surp l em ent only had a fa ecal cla s s if icati on in the 'moist' to 'very w et' rang e .  

A s  sh own in tabl e 5 ,  the liv ew eight chang es o f  th e calv es w er e  v ery er-

ratic and, in th e main, inder; endent of the l ev e l  of en ergy intake alth ough the 

tal low - f ed calv es did. show a great er c onsi st ency in their growth rat e - thi s 

r efl e ct ed th e b et t er h ealth of th es e animal s .  

A ft er t en day s of f e eding S . M.P . ,  the h ealth o f  four of th e r:ine cslv es 

was s uch that it wa s thought p rudent to t erminat e th e exp eriment in or der t o  

p rev E?,nt eo.:.:_:r mortalit ies . This dec isi on wa s ma de on two c ount s :  fir s t ly ,  it 

was found that r o l l er- dri ed 1dlk p owo e:c· had b e en inadvertant ly us ed inst ead 

of sp ray-dri ed p owd er - th e form er having b e en r ep or t ed to induce s c ouring 

in y oung calves ( Shillarn et al . ,  1 96 1 ; Mylr ea , 1 966 ; Lis t er ,  1 971 p ers , c ornm . ) ; 

and s ec ondly , a s  th e p o or h ea lth devel op ed pri or t o  th e comm enc ement o f  t h e  

balanc e p eri ods , it wa s considered unlikely that suffici ent us efu l data would 

be obt a in ed from th es e calves had th e s couring c ont inu ed any long er .  An att empt 

wa s mad e t o  c ontinue the exp eriment us ing spray - dri ed milk p owder ,  but aft er 

fiv e  days f e eding o f  thi s di et no r e du ction in s couring wa s apparent . Thi s 

exp eriment was th er efor e abandoned in its p r e s ent form and a n ew lot o f  ani-

mal s  w ere p rocur ed for the exp eriment already des crib ed wh ere B . M . P . was u s ed 

as th e basal di et . 



TABLE 1 1  

Calf 

LS1 
LS2 
LS3 
HS1 
HS2 
HS3 
HTS1 
HTS2 
HTS3 

Liveweights and Daily Liveweight Gains of Calves 
Fed Skim Milk Powder 

Initial Weight Final Weight Change of Age Liv evv eight Ga..:. n 
(kg ) (kg ) (days ) (kg/day ) 

38 . 14 43 · 1 3  1 0  0 . 50 
33 · 37 37 · 45 1 0  0 .4 1  
43 . 8 1  45 . 6 3  7 0 . 26 
47 . 22 48 . 58 6 0 . 2 3 
48 . 1 2  45 . 1 7 6 -0 . 49 
33 · 37 38 . 82 9 0 . 6 1 
44 . 04 46 . 3 1 6 0 . 38 
44 . 09 47 . 22  6 0 .45 
46 . 76 58 . 85 6 0 . 68 

. 

I 
i 

\.)l \...< 
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CHAPTER FOTJR 

DIS CUSSION 

The results of thi s trial conclu si vely confirm the ameliorating e ffe cts 

that supplementary non-milk fats have been shown to have on calve s fe d l ow-fs.t 

milk cli_e ts , (Olson and Williams , 1 959 ;  Bush e t  al. , 1 963 ; Mathi eu and Barre , 

1 964 ) , since in  the main experime nt only one ins tance of scours v:as recorded 

a gai nst  a tall ow- fed calf ,  compare d  v1i th tvrenty being re corde d a t;ai nst those 

fe d B . M . P. In the first e xperiment u sing S . M . P. the hi gh inci dence of  s cour­

ing  in mos t  calve s ,  but pn.rti cularly in those not re ceiving the fat supplement, 

was almost certai nly i nduce d as a re sult of the hi gh he at treatme nt given the 

milk during the roller-drying pro ce s s  ( Shillam ,  e t  a1 . , 1 960 ; Shillam ,  e t  al. , 

1 962 a ,  b ;  Shillam and Roy, 1 96 3a , b ) • Even in the second trial i t  was 

likely that the buttermilk was sub j e cted to exces sive he ating during the spray­

drying proce s s  - as indi cate d by the burnt lumps of powder ob serve d in the 

re cons tituted milk - whi ch would have caused  some protein denaturation and 

which consequently re sulted in poorer ab omasal clot formation ( Li s ter ,  1 971 ) .  

However ,  when u si ng ei ther of  the se apparently l ow quali ty milk powders b e e f  

tallow was found to b e  hi ghly bene fi cial in reduci ng calf scour s .  Whe ther its  

mod.e of acti on was throu gh the formation of  soap s ,  which Cheng et al ., ( 1 9�-9 ) have 

su gg8 ste d, removes the laxative die tary Mg++ and ea++ i ons , or whe ther i t  was 

throu gh some o ther action,  such as improve d clot  formati on, i s  not known. In 

this e xperiment it is  unlikely that the hi gher i ntake of lactose by calve s on 

treatments  L and H cause d the gr-ea.ter inci dence of scouring as the calve s on 

the latter treatment , althou gh  having a greater intake of  lactose per uni t  o f  

livewei ght, di d  not void fae ce s o f  a s:. gni fi cantly different dry matter content 

to those voi de d by the calves on treatment L. Hence the sli ghtly lower i ntake 

of lacto se by the tallow- fed calve s relative to the other animals woul d not be  

e xpe cte d  to  have had any si gnifi cant e ffect on  the i nci dence of s couring. 

Be cause the ba sal die ts of the S . M . P. and B . M . P. e xperiments differe d i n  b oth 

fat content and me thod of manufacture , it is not pos sible to attribute the reduced 



57 .  

r educ ed inci CJ.en c e  and s ever:i. ty of s c o uring :Ln t h e  B . M . P .  t ria l t o  any p art-

i cular caus e or caus e s .  Howe ver , a s  the incr e a s e  from 8 . 6% to 1 2 . 7% me an 

fat c ontent b e twe e n  the . B . M . P. and B . M . P. plus tall ow di e t s  re sulte d i n  

. 
si gni fi cantly firmer fa e ce s ,  i t  i s  reas o nab le to e xpe c t tha t in changi n g  

from S . M . P. (1 % butterfa t ) t o  B . M . P. (8 . 6% bu tterfa t ) the hi gher le v e l  o f  

fat i n  the b a s al B . M .  P .  di e t wou l d  have contribu te d towar ds the incre a s e d  

fae cal dry matter content found i n  thi s e xpe riment . 

Al thou gh the fae cal dry ma tter an d sub j e cti ve fae cal co nsi s tency 

clas si fi cati ons b oth sh owe d si gni fi cant di ffere nce s be tv:e e n  the hi gh and 

l ow fat die t s , the coe ffi ci ents m. ge s tibility o f  dry ma tter , cru de pro tein 

and e ther e xtra c t  di. d not si gni fi cantly di ffer ; a fi ndi n g  whi ch c oncur s 

vr.i th the re port of Roy e t  al . , ( 1 970b ) who found that one group of calve s 

whi ch hR-c1 a si gni fi cantly hi gher i nci de nce o f  s couri ng than ano ther gr oup 

di d not si gni fi cantly di ffer in thei r di ge s tibi l i ty of ei the r  dry ma tter 

or cru de pro tei n .  The s e  fi ndi ngs appear a t  fir s t  si ght to be in conflic t  

wi th data pre s e nte d b y  Roy (1 970 )  whi ch shows an appr oximately s e ven-fold 

increase i n  e xcr e te d fae cal dry ma tter , fa t ,  crude pro tein a nd ash, and an 

ei ghteen fol d i ncre ase i n  fae cal water by diarrhoeal calve s c omp are d to 

heal thy cal ve s .  Howe ver , b e cau s e  o f  the hi gh animal vari ance wi thi n tre at-

me nts i n  the e xtent o f  di ge s t� on of di e tary c ompone nts ,  the di fference b e -

twe e n  tre a tment means di d not attain s i gni fi cance . Se co ndly, i t  i s  t o  b e  

rememb ere d that althou gh a fae cal dry ma tter di fference di d e xi s t  b e twe e n  

the hi gh a nd l ow fat di e tary tre a tme nt s , the i nci dence o f  s couri ng dur ing 

any one tre a tment peri o d  was i n  no c a s e  re cor de d  a gai ns t  a l l  three calve s 

for the dur a ti on o f  the fi ve - day b alance peri o d. There for e  any e ffe c t s  o f  

s c ouri ng whi ch may have o c curre d during a coll e ction peri o d  wou l d  have b e e n  

mask e d  whe n the data for all calve s wa s c ollated i n  the a naly s e s o f  vari ance 

o f  appare ntly di ge s te d  di e tary c ompone nt s .  Be cau s e  o f  the hi gh di ge s tibili t y  

o f  di e tary fa t i n  al l thr e e  tre a tme nts i t  wo uld a ppear that t h e r e  wa s no 

si gni fi cant shor t c omi ng i n  the me thod us e d  to homogeni s e  the tall ow in the 

milk di e t ;  a conclu si on al s o  b or ne out by the fa c t  tha t the fa t gl obul e 
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si z e  o f  the homogeni s e d  tall ow was only sli ghtly lar fSer than that o f  fat 

in whole milJc . A co ntributi n/S fa ctor to the hi gh coe ffici ent of di ge s t­

ibility o f  fat in tre a tment HT i s  tha t no di ge s tibility data were c olJ e cte d 

unti l  the calve s were at l e a s t  se vente e n  days o f  age , by whi ch time 1!1./b er 

e t  al . ,  ( 1 961 ) have sh own the acti vi ty of pancre ati c  lipa se to b e  very ne arly 

maximal. Howe ver , the re sul ts of thi s tri al confirm those of Raven and 

Robins on (1 964b ) whi ch showe d an increasi ng fat di ge s tibili i.y wi th i ncre as­

i n g  age , thereby su gge s ting that al thou gh the acti vi ty_ of the e nzyme may 

have b e e n  maximi ze d, the rate of synthe sis and/or se cre ti on conti nu e s  t o  

increas e  u p  t o  a t  l e a s t f'l ve o r  s i x  weeks o f  a ge i n  the milk- fe d cal f .  

Al th ou gh the mean rate o f  livewei ght gai n re fle cte d the mean i ntake of 

M . E .  by calve s on e a ch of t he three treatment s ,  no such relati onship i s  

apparent for indi vi clual calve s .  I n  s ome i ns tance s s e vere s c ouri ng coi nci de d 

l'rlth poor growth rate s b u t ,  in o ther s ,  calve s grew well e ven thou gh they 

pas s e d  very loose or diarrhoeal faece s ;  a fi ndi n g  al so repor te d by Davey 

(1 962 a ,  b )  wi th milk fe d calve s at pas ture . The re i s  al s o  no good relati on­

shi p  b e twe e n  the am ount o f  ene r gy  re tai ne d per cal f per day and the avera ge 

gr owth rate o f  the cal f during the coincidi ng ten day peri o d .  Thi s howe ver 

is not al to gether surpri sing since the ener gy re tenti on da ta were only 

c oll e cte d on two of the te n days within a peri o d, al thou gh some relati o n­

ship c ou l d  have b e e n  e xpe cte d as re taine d e ner gy mus t  be i n  the form o f  

mu s cl e , fat or b one .  

Errors whi ch may have si gni fi cantly a ffe c te d the cal culate d growth rate 

during a period i nclude : the wei ght o f  gut and bladder contents a t  the time 

of wei gping, and the amount of b o dy water l o s t as a cons e quence o f  s couri ng 

prior to the time of wei ghing. Thi s latter cau s e  is likely to have b e e n  of 

greater si gni fi cance si nce wei ght gains were cal culate d  on the b a si s  of the 

avera ge of two conse cuti ve dai ly wei ghings at the e nd of e a ch peri o d, whi ch 

shoul d have helpe d r e du ce any bias due to gut and bladder content . Securi n g  

on the o ther hand, i s  a s s ociate d wi th lar ge l o s s e s  o f  b o dy  water (Roy, 1 97 0 )  
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whic h w ould not flu ctuat e t o  t h e  s am e  ext ent s o  long a s  s c ouring c ontinued . 

Anot h er fac t or cont ribut ine t o  the l a ck o f  s ignifj_ cant tr eatment diff Er en c es 

in liv ew ei ght gain w ould b e  that the p lan n ed l ev els of G .E .  intake w er e  t o o 

clos e .  This p roblem b e came part i a.J larly apparen t  wh en ca lves on th e high in -

take tr eatment s refu s ed s ome o f  the milk offer ed tr.�. ern ,  an d th e c onver s e  app ea r-

ed when c al f  13 was inadvert ently f e d  ab ov e it s estimat ed f o od r equ iremEnt . 

G E ( o . 75) The s e  fact orr:; l ed t o  th e almo s t  si milar mean ·• ' •  int ak es p er k g  shovm 

in the energy balanc e for p er io d  one . S ec onclly , b e caus e  o f  th e errat i c  l ive-

weight gain s rrede by s ome calv es , in s ome instan c e s  r elat ed t o  the p ers is t ent 

vo iding of l o o s e  fa ec es , tl1 e numb er of a nima l s  within each t r ee. tment was in-

suffic ient t o  count eract th e high animal variability . 

S in c e  B ro dy ( i 945) ha s shovm t hat the ov erall r elat ionship b etween the 

metab olic p ro c es s es with in an aniiDal are mor e c l os ely relat e d  t o  an exp on ent 

o f  liv ew eight ( b ) of le s s  than 1 .0 , and b ecaus e t h e  d erived e:xp onent in this 

exp eriment wa s more clo s ely r elat ed t o  Klf!iber 1 s r e c omm ended valu e  of w0 •75 
(Kl e ib er ,  1 965) than t o  w1 •0, the auth or f elt j ustifi ec. in r edu cing all bal-

O o75 
an c e  dat a t o  th e c ommon ba s e  of W in order t o  r educ e  th e b etw e en animal 

variab ility a s s o ciat ed w ith ag e and carca s s  comp osit i on whi ch hav e a p o orly 

defin ed influ enc e on th e animal 1 s m etab olic a ctivity . Gridg eman and H eroux 

( 1 965) , in c omment in g on this mat t er ,  sai d. that within a sp ecies of animal tl::.e 

exp onent of liv ew eight can vary c onsid erably ovring to in cr ea s ing age and chang-

ing environmental fact ors and ther efor e only th e exp onen t d eriv ed. from a part-

icular exp eriment should b e  us ed in analysing the r esult s .  H o lmes and M ount 

( 1967) found with p igs f ed in direct p rop orti o n  t o  their liv ew e ight that t h e  

rat e of metab olic a ctiv ity decr ea s ed as th e animal s  incr ea s ed in l iveweight ; 

a fi nding whi ch supp ort s  the obs ervat ions of the p revious a uth o rs .  How ever 

Kl eib er ( 4 967) has p oint ed out t hat owir.g t o  th e  err ors a s s o cia t ed with a nirna l 

exp er iment s ,  in order that a sign ificant diff eren c e may b e  attai n ed betwe en 

b = 0 . 66 and b = o .  75 th ere must b e  a nine-f o] d in creas e in liv ew eight . It i s  

o n  the s e  gr ounds that h e  j us tifi e s  the univ ers a l  us e of th e value b = O o75 

whi ch he h a s  found best fit s th e int ersp ecies data . 

The advantag e o f  c o ll ect ine b oth enercy balan c e  and livt.'W eig ht dat a  can b e  
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e ach t reatment , as highly s ignifi cant d i fferences were able t o  be obtained 

for energy retai ned by the c alves on treatment H and HT compared to tho s e  on 

treatment 1 in the s e cond and third peri o ds . 'l'his result refle ct e d clo sely 

the signifi cant differences whi ch e�is ted be tween the high and low G . E .  in-

t akeso That there v�re no s ignific ant differences found in the e ffi ciency 

of utilization o f  M . 3 .  i ntake between t re atments is underst andable since 

t he di fference in H.E. int ake be tween t reatments , as a pe rc entage of the 

total intake of MoE. , was so small and the s tandard error of the individual 

treatment regressions so large o On t he ore t i cal grounds Blaxtcr ( 1 97 1 ) has 

shovm t hat die tary fat surplus to the maint enance energy requi reme nt can be 

more e ffici ently conve rt e d into adipo se ti ssue than can pro tein and carbo-

hydrate 9 0 \'ling to the d i fferent metaboli c path\vays i nvo l ve d .  It could there-

fore be expe cted. that the t allow-fed calves , be cause the ir d i e t  contGine d 

more fat and less prot ei n than the B . l1l . P . -fed calve s , \l;ould have had a higher 

efficiency of utilization of M . E .  In support of this contention �alker and 

Norton ( 1 97 1 ) vri th young mi lk-fed lambs found " • . a a signi fi cantly linear de-

cre ase in the net effi ci ency of H . E .  utili zati on as the pro tein content of 

the diet decre asedo " , although Co oke , L o dge and Le\;is ( 1 9 72 ) failed " • • •  t o  

demonstrat e any signifi cant int eracti on be tween di etary energy and pro t e in 

in terms of growth rate and food conve rsion effi ci ency • • •  " by pi gs fe d diet s 

of varying energy and protein content. The pooled data o f  all nine calves 

sho\lre d that the H . E .  was used for growth with an efficiency of 78% whi ch 

agrees with the statement of Roy ' s (Roy , 1 970 ) that " · · � the net availability 

of 11. E .  for grm'fth i s  very similar to that for maintenance i . e . between 79 o 5/o 

and 84% • • •  " for calves fed a res tricted intake of milk , but uhich i s  con-

siderably higher than t he 68)& efficiency found by van Es e t  al . , ( 1 969 ) who 

use d  a similar type of di e t  fed at re ar ad l ibo levels t o  calves in the 

l iveweight range 50- 1 50kg ; and the 69i6 effi ci ency fo�d by Walker and Norton 

( 1 97 1 ) wi th milk-fe d lambso As the calves i n  the present e xperillient were only 

in the 33-66kg liveweight range , it \ITould be expected that their efficiency 
than 

of utili zation of M . E .  for growth may have been greater/that of the he avi er 

calves used by van Es e t  al . , since Blaxter e t  al o , ( 1 96 6 )  have found \'li th 

young steers , and Graham ( 1 9 67 )  wi th young sheep,  that the efficiency of 
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There  i s  at present a lack of agreement as  to whether the energy 

requirement f or maint enan�e is  constant for al1 planes of nutrition, a nd  

for diets  o f  different composit ion fed a"t a standard l evel of intake rela-

, 
ti ve to  a unit o f  liveweig ht ( e .g . , Kortabinska and Keilanowski , 1969 ;  

C orb ett , Langlands , McD onala and Pullar, 1 966 ; S chi emann, 1 969 ; Blaxt er , 

1 971 ) . The problem ari s es when one tries to  partition the available  M . E .  

int o that r equired for maint enance and that requir eo_ for growth , when in 

fact th ere is only one all-embracing sy st em within an animal and not s eparat e 

' compartment for maint enanc e and growth where energy is used with different 

lev els  of effici ency . Notwithstanding ·th ese limitatior:s of int erpretation 

it is nonetheless int eresting from a practical point of vi ew to extrap olat e 

to  z ero energy ret ention t o  estimate  th e maint enanc e energy rec;uirements of 

th e calf under the given s et of c ondit ions . In the present trial th e esti­

mated requiremer.t of SL1- kcals D .Eo/kg liv eweight for a 60 kg calf was higher 

than the values cit ed by van ES et al o , ( 1 969 )  -42 kcals ; Brisson et al . ,  

-45 kcals ; Bryant et .§1-l . ,  ( 1 967 )  -48 kcals ; and Blaxter and Wooo. ( 1 951 ) 

-52 kcal s .  However, c onsid ering that only a limit ed numb er of observations 

were made, that exp erimental conc1.i tions differ ed, e . g . ,  environment and too 

breed and age of  animal ; and finally that the efficiency o f  utilisation of 

M .  E. in thi s  trial was higher than that found by other workers ,  the agreement 

of th e pres ent estimat e with thos e li st ed above i s  reasol'l.ably gooo . •  

As the livew eight gains of individual calves within each p eriod were so  

erratic ,  no attempt was  made to  estim9.t e the energy r equirement for liveweight 

gain. 

C ontrary to the work of Roy et al o ,  ( 1970a, b )  which showed no differ-

ence in nitrogen ret ention between calves fed a skim milk diet supplemented 

with ·either 20% or 3o% margadne , calves fee_ a 3-4% tallow supplement in the 

present tria1 retained. more nitrogen than thos e calv es fed an iso-nitrogenous 

diet containing less energy ( viz . treatment 1) .. Since  th e calv es fed the hi gh 

intake of prot ein retained significantly more nitrogen than did either of the 



62 �  

o ther two gr·oups , i t  woul d appe ar that the maximum p otential for pro te i n  

dep o s i ti on by the s e  l a tter two group s h a d  not b e e n a ttaine d a n d  wa s there­

for e  no t a limi ti n g  factor to the re tenti o n  o f  ni tro gen by the s e  animal s .  

Se c ond1;y , a s  the i ntake o f  pro tein by all calv e s  was appro :xi mately twi ce the 

mi nimum pro tein r e quir eme nt r e comme nde d  by the A . R . C .  ( 1 96 5 ) ,  al th ou gh o nly 

sli ghtly hi gher than Roy ' s e s ti ma t e d  re quirements (Roy, 1 970 ) ,  i t  woul d s e e m  

tha t the amount o f  di. e tary pro tein co nsume d woul d have bee n a de quate t o  

support the livewei gh t  gains aime d for in thi s e xperiment . Thus i t  may b e  

a s sume d that ene r gy  was the main fa ctor limiting i ncre ase d ni tro ge n  r e te nt­

i on by the calve s on tre a tment L .  

In or der to i nve s ti gate the hyp o th e s i s  " th a t  supplementary tall ow a c t s  

a s  a protein spari n g  sub s tra te whe n  fe d with a l ow-fat ba sal milk di e t " ; 

where the i ntake of ni tro gen b e tween tre a tme nts i s  di fferent , i t  i s  ne ce s sary 

to l o ok a t  the rati o of ni tr o ge n  re tai ne d : di ge s te d  ni tr o ge n  i ntake . In b oth 

the pre s e nt trial and that reporte d b y  Roy e t  al . ,  (1 970b ) the rati o wa s 

greater , al th ou gh not si gni fi cantly so (p > 0 . 1 ) in the pre s e nt trial , with 

animal s fe d the fa t suppleme nt ; thus lendi n g  support to the pr opos e d  hypo­

the si s .  Fur ther supp orting e vi dence i s  found whe n the ab ove rati o i s- e xpre s s e d  

i n  term s  o f  uni t M .  E .  i ntake ( se e  Tab le 8)  where , during the se cond and third 

peri od s ,  the tallow fe d calve s re tai ne d si gni fi cantly more di ge s te d  nitr o ge n/ 

k cal M . E .  i ntake than the calve s on tre atme nt s L and H whi ch were fe d a di e t  

compo s e d of a hi gher pro tein : calori e rati o .  But b e cause butterfa t  i n  wh ole 

milk , whi c h  is found in a concentrati on greater than the t otal fat content 

found i n  the pre sent tri al , has b e e n  shown to promote a gre ater e ffi c i e n cy 

o f  u ti l i sa ti o n  of di ge s te d ni tro gen by calve s (Raven and Rob i nson, 1 964b ) 

than f ou nd with the u s e  o f  tallow i n  thi s s tu � ,  i t  would appear tha t  the 

tal l ow has not b e e n  as e ffi ci ently us e d  as butterfat to re du c e  i ne ffi c i e nt 

pro te i n  catab oli sm. Thu s i t  would appear that the re is s ome inhib i tory fac t­

or limi ti ng the u ti l i s a ti on or availabili ty of t allow. Two pos sib l e  re a s o ns 

are di s cu s s e d  b elow. 



Si nce the fatty aci d  compo sition o f  tallow i s  marke dly di ffere nt 

to that o f  milk fat ( Ilildi tch, 1 956 )  i t  i s  pos sible that thi s may de tri­

me r..tally a ffe c t  the a vai1abili ty of e ne r gy  from tall ow compare d ·with milk 

fat .  I f  thi s i s  s o  then the limi tation i s  mo s t  lH;:ely to o c cur pri or to 

the ab s or p ti o n  of the fa tty a ci ds i nto the cir cul atory sys tem a s  Gar ton 

(1 967 ) , in a revi ew o f  the i nc orpora ti o n  o f  pla sma fatty aci ds in to 

adipose ti s sue , has empha si s e d  the cons tan t flux of fatty acids b e twe e n  

the pla sma and adi p o s e  ti s sue . Thi s vmul d i ndi cate ther e fo r e  that any 

fa ts once vvi thi n the metab oli c sys tem can b e  readily drawn on i f  the ani ­

maJ!s e ne r gy re quirement s  so demand . As no ab s orpti c n  o f  me dium and l ong 

chain fat ty aci ds i s  known to o c cur acro s s  the ab omasal wall , any limit­

ati on on the a vailabili ty of the s e  die tary compone nts wou l d  therefore 

nee d  to b e  e xpre s s e d as ei ther a di ffe r ential rate of ab s orption of di ffer­

ent s tru c tural or mol e cular wei ght fa t ty a ci ds throu gh the wall of the 

small i nt e s ti ne or , a di fferential rate of release of th e s e a cids fr om the 

abome,sal milk clot - a fa ctor whi ch ha s not ye t b e e n i nve s t i ga te d. 

The s e cond su gge s te d reason whi ch coul d Et cc ount for the apparently 

poor pro tein spari ng e ffe c t  of tallow (an e ffe ct whi ch c oul d  e qually well 

apply to miD< fa t ) i s  relate d to Mylre a ' s ob 3 e rvati ons (Mylr e a ,  1 966b ) 

on the di f fere ntial rate of release of pr otei n a nd fat from the ab oma s al 

milk cl o t .  I t  i s  su gge s te d that the more r e a di ly rele ase d pr o te i n  ha s 

b e e n  lar gely ab s orb e d  and me tab oli s e d  b e fore a si gni fi cant pr oporti on of 

the fat ha s been rel e a s e d  i nto the small i nte s ti ne , and he nce i t s  e ne r gy  

contrib u ti on ha s come too l a te t o  spare u nne c e s s ary pro t e i n  de gradati on to 

me e t  the animal ' s  e ne r eY  demands . Thi s the ory doe s  not howe ver take i nto 

account the availability of b ody fat re serve s  to me e t  shor t term e ne r gy  

de fi ci enci e s ,  but i t  c oul d b e  deb a te d that there i s  i n  fa c t  n o  e ne r gy 

de fici ency s o  long a s  the pla sma protein l e ve l s  are hi gh .  I f  the di ffer ­

e nti al ra te o f  rel e a se of the die tary compone nts i s  the limi ti ng fa c tor , 

the n i t  would seem that the o nly way to impro ve ni tro ge n  r e tenti on throu gh 

the u s e  o f  an e ne r gy  suppleme n t  w ou l d  be to u se a more readi ly available 
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energy component such as  lactose whi0h Mylrea. has shown to be rapi dly 

release d from the ab omasum. But as shown by Bush e t  a.J"'. ,  (1 962 ) and 

Mylrea (1 966c ) ,  hi gh concentrati ons of die tary carbohydrate are correl­

ate d with a high inci dence o f  scouring and hence lacto se at least would 

obviously be unsuitable as an energy supplement. 

To date much of the work on the use of supplementary fats for milk 

diets  has been  conducte d wi th fats of non--milk ori gin. There fore li ttle 

is known of the capabili ty of very short chain fatty acids ,  . such as those  

found in cow ' s milk , to re du c:e protein catab olism in  the milk-fe d  animal . 

Although in the short  term this information would be of no e conomi c inter­

e s t ,  a further experiment similar to that already describe d  in this  the si s 

using butterfat in the place of tallow could help identi fy the limiting 

factor in the ineffi cient utilisation of supplementary animal and ve ge table 

fats . 

The re sults of this  trial concur with the findings reporte d by Mathieu 

and Barre (1 964) , Roy et al . , ( 1 970a , b )  and Cook et al., (1 972 )  that increased  

levels of dietary fat bring ab out an increase d re tention of fat in  the ti s­

sue s ,  although it  i s  re-iterated that no carcas s measurements were made in 

thi s trial . But ,  whereas Cook et al ., (loc . ci t. ) ob serve d that " • • • • •  energy 

and pro tein in the die t  act independently in their e ffect on the important 

producti on parame ters . " ,  the conclusion to be drawn from this trial i s  that 

supplementary tallow doe s improve sli ghtly the e fficiency of nitro gen 

retention, but al so increases  the apparent fat deposition in  the car cas s .  
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APPENDIX 1 

CALCULATION OF HEAT PRODUCTION FROM RA\4 CALORIMETRIC DATA 

Calf : 
Date : 

50 
29/5/7 1 

Atmospheric pressure 766 mm urina:ry nitrogen (g) 1 5 . 9/day 
C l t t 5 . ooc oo er empera ure 
Meter-room temperature 29 . 3°C 
Air-flovJ rate 32 . 96 1/min 
Calorimeter volume 2200 litres 
02 flux in calorimeter between start and f:LYJ.ish of 

measurement 
co2 flux in calorimeter between start and finish of 

measurement 
Average number of chart divisions between incoming 

and outgoing 02 
Average nwnber of chart divisions between incoming 

and outgoing co2 

Composition of reference gases  

C02 02 

:Bottle A 0 . 988% 20 . 339% 
:Bottle :B 0 . 9 72% 1 9 . 842% 

Chart readings of reference gases  (divisions ) 

C02 02 

:Bottle A 67 . 1  6 3 . 0  
:Bottle :B 66 . 0  40 . 0  
Purge 20 . 0  

i . e .  23 divisions = 0 . 497% 02 

+ 0 . 3  divisions 

+ 3 . 6  divisions 

5 3 . 1  divisions 

5 1 . 2  divisions 

Assume 1 °C rise in cooler temperature - 1 mm rise in water vapour pressure 



FLO\>/ RATE 

flow rate ( 32 . 96 + 1 )  X (27321329 · 3 ) X (76�6; 5) 

30 . 7  l /mi.n 

VOLUME OF OXYGEN C ONSUMED 

1 division on chart 

5 3 . 1 divisions 

volume of 02 consumed 

02 correction factor 

corrected 02 consumption 

VOLL.JME OF C ARBON DIOXIDE PRODUCED 

0 .497 _1 
1 00 X 2 3 

0 . 022% 02 

1 . 1 68% 02 
( 1 . 1 68 X 30 . 7 ) 7 100 
0 .  358 1/min 
5 10 . 749 1/day 

0 . 3  X 01g�2 X 2200 

1 . 452 l 

5 1 2 . 2  1 /day 

gas bottle A minus purge = 47 . 1  divisions 

Enter the co2 calibration chart on the 0 . 988% C02 verticle line and 
locate 47 . 1  on the vertical scale , draw in a line parallel to the 
calibrated lines through this point . At the intercept of 5 1 . 2  div­
isions with this line , read off 1 . 09% C02 on the horizontal scale . 

volume of C02 consumed 

C02 corrective factor 

�0
°
0
9 X 30 . 7  X 1440 

481 . 867 1/day 
0 . 1  2200 X 1 00 

= 2 . 2 1 
Corrected C02 production = 484 . 1 1/day 

DAILY BEAT PRODUC TION 

Hp 3 . 866 X 02 + 1 . 2 X C02 - 1 . 431  X N 

( 3 . 866 X 5 1 2 . 2 ) +  6 . 2 X 484 . 1 ) - � .431  X 1 5 . 9) 
= 2537. 8  k8als/day 



11) 25 ..... 

11) ..... 
> ..... 
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Appendix Fig . 1 : Calibration chart for determination of percentage C02 in expired air . 
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APPENDIX 2 

AlifAIXSIS OF CHI- SQUARE OF THE C LP.SSIFICATION OF FAECAL CONSI STENCY 

(a ) :Buttermilk PO\vder Rx:periment 

Treatment Scours No Scours Total 

L 1 1  1 09 1 20 
H 9 1 1 1  1 20 
HT 1 1 1 9 1 20 

Total 2 1  339 360 

Observed Expected x2 

1 1  7 . 0  2 . 28 
9 7 . 0  0 . 57 
1 7 . 0 5 . 1 4 

1 · 99 

(b ) SJ.,dmmilk PoHder Experiment 

Treatment Scours No Scours Total 

L 4 7 1 1  
H 9 5 1 4  
HT 0 1 3  1 3  

Total 1 3 25  38 

Observed Expected x2 

4 3 · 74 0 . 1 8  
9 4 . 76 3 · 77 
0 4 . 42 4 · 42 

8 . 2 1  

Footnote : No scours 
Scours 

faecal classification 0 to 3 
faecal classification 4 and 5 

1% level of probability @ 2 d . f .  p 9 . 2 1  
2% level o f  probability @ 2 d . f .  p = 7. 82 



APPEl>ifDIX 3 

ANALY SIS OF C OVART.Al�CE OF LIVEWEIGHT GAINS 

Source d . f .  SS:x: 

Total 47 982 . 76 

Treatments 2 47 . 26 

Error 45 9 33 - 50 

Treatment + 
Error 

-

SPxy SSy d . f .  

952 . 1 4 35 58 . 90 46 

29 - 44 33 - 30 

922 . 70 3525 . 60 44 

2 

b = 0 . 988 

Deviation M . S .  58 . 07 

MEAN LIVNNEIGH'PS FROM TAB LI·� 5 CORRECTJ<=rl BY T�OVARIANCE 

- A A A 
Treatment xo y1 y2 y

3 

1 39 . 67 4 1  . 1 9  45 . 9 5  52 . 27 

H 37 · 90 4 1 . 29 47 . 1 9  54 . 04 

HT 40 . 22 42 . 1 2  46 . 64 53 . 32 

' SSy ' M.  S .  F 

2636 . 42 

2 6 1 3 - 57 58 . 07 

22 . 85 1 1  - 42 < 1 

A 
L . W . gain/day y4 

58 . 67 0 . 57 

6 1 . 97 0 . 7 3 

60 . 49 0 . 6 1 



APPENDIX 4 

ANALYSIS OF RffiRES SION OF LOG HEAT PRODUCTION ON LOG LIVEHEIGHT 

y = log 
-
x = log 

-X 1 . 7227 
-

antilog . X 5 2 . 79 

SSx 0 . 075 3 

b = 0 . 85 1 9  

Heat Production 

Liveweight 

antilog . 

SSy 0 . 0678 

S . E .b 
+ - 0 . 08 1  

(kcals/day ) 
( kg)  
-
y 3 · 4743 
-
y 2983 . 0  

SPxy 

bSPxy 

Te st for s ignificance of b 

Source d . f .  s . s .  M. S .  F 

l in . reg .  1 0 . 0547 0 . 0 54 1  1 09 . 4  
e rror 2 5  0 . 0 1 3 1 0 . 0005 
total 2 6  0 . 0678 

1\ 
y = 0 .852 X + 2 .0067 

0 . 0642 

0 . 0 547 

Result 

*** 



.APPENDIX 5 

ANALYSIS OF REX}RESSION OF ENERGY RETAINED ON METAJ30LISABLE ENERGY Tl'ITAKE 

y = energy retained 
x = enere;y intake 

( a )  Treatment L 

X =  2 1 2 . 1 3  
'Y =  62 . 1 0 

SSx = 8 38 . 32 
b = 0 . 6926 

SSy 
S . E .  b 

= 648 . 9 6 
.± 0 . 205 

Tes t  for significance of b 

Source 

l in . reg. 
error 
total 

(b ) Treatment H 

-� = 2 34 . 88 
y 8 1 . 1 1  

ssx = 2090 . 00 
b = 0 . 7882 

d . f .  s . s .  M . S . 

1 402 . 1 6  402 . 1 6 
7 246 . 80 35 . 26 
8 648 . 96 

A 
y 0 . 69 3  X - 84 . 82 

SSy 
s . E . b 

2039 . 02 
� 0 . 2 25 

Tes t  for significance of b 

Source 

lin . reg . 
e rror 
total 

( c )  Treatment HT 

X 227 .06  
-

y = 72 . 57 

ssx = 678 . 85 
b = 0 . 7436 

d . f .  s . s .  M . S . 

1 1 29 7 - 1 8 1 297 . 1 8 
7 74 1 . 84 1 0 5 . 98 
8 2039 .02  

A 
y 0 . 788 X - 1 04 . 02 

SSy 
S . E .b 

6 55 . 1 0 
± 0 . 243 

SPxy 
b SPxy 

F 

1 1 . 4 1  

SPxy 
b SPxy 

F 

1 2 . 24 

580 . 6 3 
402 . 1 6 

Result 

* * 

1 645 - 7 7 
1 29 7 - 1 8  

Result 

* * 

SPxy = 504 . 79 
b SPxy 37 5 · 37 



�rrcatment H'r ( c:ont 1 d ) 

Te s t  foJ� r. i gn ificance of b 

.. - --
Source cl . f .  S � S .  H .  S .  }!, Resul t 

-

l :Ln . reg . 1 375 . 37 375 · 37 9 .  39 
error 7 279 . T 5  39 . 96 
total 8 655 . 10 

,.___ _______ ----
1\ 
Y 0 . 743 X - 96 . 26 

( d )  Te s t  for s ig.nificc:mce of di fferences b�hrecn regre s s i ons 

- -- - ·  -
Source cl . f .  SSx SPxy SS,r SSy 1  d . f .  

- -

A Treatmer;.t L 8 8)8 . )2 580 . 6 3 648 . 96 24 6 . 80 7 
B Treatment H 8 2090 . 00 1 645 · 7 7  2039 . 02 741 . 04 7 
c rrrea tmen t HT 8 678 . 85 504 . 79 655 . 1 0  2 79 . 74 

Deviation from 
incli vidual 1 268 . )8 2 1  
regre ssions 

(A + B + C )  24 3607 . 1 7 2 7 3 1 . 1 9 334 ) . 08 1 27 5 . 1 4 2 3  

Difference 
betvreen 6 . 76 2 
regress ions 

(e ) Pooled data of al l thre e treatment s  

-
y = 7 1 . 9 3  

•* -)(-

--

1 M . S 1  F 
---

60 . 40 

3 · 38 < 1 

SSx 60 1 0 . 22 
b = 0 . 78 1 7  

SSy = �-975 . 6 1  
S . E .b = ± 0 . 09 3 

SPxy 
bSPxy 

= 4698 . 20 
3672 . 66 

Te st for s ignificance of b 

Source d . f  

lin . reg . 1 
error 25 
total 2 6 

s . s .  M . S .  

3672 . 66 3672 . 66 
1 302 . 95 52 . 1 2  
4975 . 6 1 

1\ 
y 0 . 782 X - 1 0 3 . 7 1 

F Re sult 

70 . 46 *** 

_R��ult I 

N . S .  



APPENDIX G ----

.ANA LY S i f] OP REG HESSION OF E.I::mllCY llliTATNED ON GIIOSS El-JEJiGY JN'l'AKE 

y = enerGY re taine d 
x energy intake 

.-

Data pooled for all three treatments 

-

X 249 . 1 4 
-

y - 7 1 . 9 3 

s sx :::: 70 3 5  . oo 
b 0 . 7080 

S Sy  
S . E .b 

Test for s ifQ2JficQ11ce of b 

Source d . f .  

1+975 . 61 
.: 0 . 0)0 

s . s .  M . S .  

lin .  reg .  1 3526 . 20 3526 . 28 
e rror 2 5  1 449 . 3 3  57 . 9'7 
total 26  497 5 . 6 1  

1\ 
y = 0 • 7 08 X - 1 0� . •  8 

SPxy 
b SPxy 

F 

60 . 8 3 

4980 . 70 
3526 . 28 

Hesult 

•*** 
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