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ARSTRACT

Threec groups of 4 Frigsian tull calves were individually fed

from 7 days of age on one of thke followirg diets; (L) - Butier-
milk powder (B.M.P.) to promote C.4% kg liveweight gair (LWG)ﬁay;
(1) -~ B.M.P. tc promete 0.(7 kg LWG/Cay; (HT) - B.M.P. supple-
mented with beef tallow to prumcte C.67 kg LVWG/day. The diets,
reconstituted to 15% dry matier (d.m.), were fed in dircct prcpor-
ticn to the animal's liveweight at the beginning of each of the 3

consecutive 10-day experimental pericds.

N.B. Skir milk powder (S.M.P.), initially used as the basal
diet, was subsequently replaced by B.M.P. and the trial

was restarted,

Deily faecal d.m. consistency was subjectively scored cna O - 5
scale, Quantitative meeasurements were mede in conjunction with

the faecal collections for the nitrogen balance,

Nitrogen balance data were collected from 3 of the 4 calves in each
grovp during the last 5 days, and energy balance date during the

last 2 days of each period.

The addition of L% tallow (d.m. basis) significantly reduced the
incidence of scours (p € 0.01) in calves fed a basal diet of either

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

Meen LWG's of calves on trestments L, H and ET were respectively
0.57, 0.73 and 0.62 kg/day; these differences were not statistic-
ally significant (p > 0.1).

The calves on treatment H, although having the highest urinary nit-
O c75//day)
(p € 0.05). The ratio of digested nitrogen retazined : M,E. intake

rogen excretion (p < 0.05), retained the most nitrogen (g/kg

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.

During the second and third periods diets H and ET promoted a sign-
ificantly greater retention of energy than did diet L-(p'< 0.01).
The percentage of energy retaired as fat tended to be higher in

calves on treatment H.

The maintenance energy requirement for a 50 kg calf was estimated to
be 53.5 kcals D.E./kg liveweight. The efficiency of utiligation of
M.E. for growth was found to be 78%.
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.

Cows whole 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 flarmers 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 centaining fats of non-milk origin to maintain an
eguivalent energy concentration to that of whole milk, Whercas 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 powder. But to attain high rates of
liveweight gain with such diets animals,must consume a greater quantity of
dry matter than if they were fled a high-fat milk diet, if they are to main-
tain an equivalent energv intake. Unfortunately such dietary systems have
frequently been shown to predispose the calf to scours which on all toc
many occasions result in death. Dietary fat supplements, of both plant and
animal origin, have been shown to reduce the incidence of sccuring in low-
fat milk-fed calves, if certain conditions of feed preparation are observed,
while at the same time promoting satisfactory 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 adipose tissue.

This trial was designed to look at the efficacy of beef tallow, a cheap
animal by-product, to act as an anti-laxative and as a concentrated energy

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



CHAPTER ONE

- REVIEW OF LITERATIRE

At birth the 'physiological capacity' of the reticulo-rumen of the
calf is 0,5 - 1.6 litres (Warner, Flatt and Loosli, 1965 ; Tamate, McGil-
liard, Jacobson and Getty, 1962); this being equivalent to 35-40% of the
total stomach capacity. This tissue was found, however, to hold 86% of the
total wet stomach contents of fully fed maturc cattle - the omasum 11%, and

abomasum 3% (Makela, 1956).%

It is not until the animal consumes significant quantities of rough-
age that the size and anatomy of the forestomachs begin to approach those

found in the adult (Savage and McCoy, 1942; TWarner et al. 1956; Tamate

et al. 1962). Therefore during the first few 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 significant
levels of volatile fatty acids in the rumen fluid of fifteen-day old
calves; resulting from the microbial digestion of cellulose, because of the
bulk limitation imposed by the rumen, and the calf's inability to digest
complex polysaccharides (e.g., starch) in the small intestine at this age
(Porter, 1969). it is obvious that the very young calf would be unable to

maintain itself satisfactorily on a forage or concentrate diet,

There would therefore appear to be an obligatory requirement for a milk,
or milk substitute diet during at least the first three weeks of life; and
because of its excellent nutritional value (Roy, 1970) there would also be
an apparent advantage in the extended feeding of such a diet for a period

of several weeks, particularly if a rapid rate of growth is desired.

¥ No data on physiological capacity of these tissues 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 monogastric animals (Forter,
1969) owing to the suckling-stimulated reflex closure of the oescphagal
groove described by Comline and Titohen‘(1951). The imbided milk 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 following few hours (Mylrea, 1966a), This milk clot is
formed as a result of the gspecific coagulating action of rennin on the
dietary casein (Fell, 1962) in the presence of ionisable milk calcium

(Mylrea, 1966a).,

Although emptying of 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,flows into the
intestine. This is subsequently followed by a thick white opaque fluid,
comprising the fat and casein components of the diet (Mylrea, 1991_933.).
Whereas the percentage flow of dietary nitrogen 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’
assoclated with the fall in abomasal pH from the feeding to pre-feeding
levels of 6 and 2 respectively, resulting in the clot disintegration

(Mylrea, 1956a, 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), since 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 proteins.
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Colostrum and Whole Milk Substitutes

During the first twenty-four hours pest-partum,it is essential that
the calf is fed colostrai milk, as it cogtains a much greater concentra-
tion of minerels and vitamins than is found in normal whole milk; and
more particularly, contains 2{—globulins which provide the calf with an
irmunity against endemic disesses during its first few weeks of life

(Kaiser, Lysaught and Tulloh, 1969).

Following the feeding of colostrum, Flux and Patchell (1956) have
shown that the calf rearcd on pasture can do equally as well when fed either
a whole milk or buttermilk diet from three days of age. This early work
has since been substantiated by Fraser (1961) using housed calves, and by
Davey (1962a) with pasture-reared calves; both writers reported no sign-
ificent difference in liveweight gain when fceding éither whelemilk or
buttermilk diets -~ the difference being a 30-40% lower butterfat content
in the latter milk diet., Interpretaticn of the work by Davey is however
confounded by the fact that the calves on either diet may have compensated
ény nutrient imbalance or deficiency by eeting more grass, the intake of

which was not measured.

Nonctheless, the findings of Flux and Patchell, of Devey, and of
Fraser do show that satisfactory health and growth rates can be maintained
with a milk diet containing on average only 9% butterfat (dry matter basis)

as opposed to a whole milk diet containing 25-30% butterfat.

Reconstitution of Milk Replacers

The dry matter (d.m.) content of the recénstituted milk can have a
marked effect on food intake, on the incidence of sour’ng,and on food conversion
efficiercy (F.C.E.). Pettyjohn, Everett and Mochrie (1963) have shown with
ad lib. feeding of calves a milk diet containing 5 or 10% d.m. that the
physical capacity of the stomach limited the quantity of food consumed.

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

the d.m. intake of calves fed milk reconstituted at a rate of 20% and 25%
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dem. ever though the volume of imbibed milk in the latter treatments

was significantly less. Similarly, Lerge (4965) found, when feeding

the grcup receiving the dilute milk die%, although consuming 1007 more
milk, was unable to consume as much milk solid as the other lambs,
Although in this work there was no apparent correlation between faecal
d.m. and the dilution factor, Preston (4957), Devey (1962t), and Petty-
johnet al. (1963) all rcported a positive correlation within the bounds

of their work.

Davey (lgp:gji.) noted a faster rate of growth by calves fed a diet
containing 22.4% d.m. compared with 12.4% and 6.6%; F.C.E. was maximised
at 12.4% d.m. Pettyjohn etal. (1$63) found that a diet containing 15%
d.m. gave a maximum F.C.F., and that these calves grew only slightly slower
than calves fed milk diets reconstituvted at 207 and 25% d.m. Thus, where-
as on the one hand the d.m. content of the milk diet should be kept low to
avoid scouring, on the other it is desireble to feed milk of a higher d.m.
content (ca. 15%), to prevent a bulk limitation to the quantity of milk

consumed and to promote rapid growth and maximal food conversion efficiency.

Calf Diarrhoea

Diarrhoea in calves, more commonly known as scours, is uneguivocally
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
rortem examinations, 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-hecated
milk powder diet, the feeding of unhomogenised and/or unemulsified non-
milk-fat fat substitutes,and to substandard hygiene. Although scouring
has a nutritignal 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 (Rlaxter and Wood, 1953). Roy (1969) clagsifies diarrhoea into
two categories, similar to those used for humans, depending on the end-
products of micro-organism digestion, )
1o Fermertative diarirhoez is associated with the feeding
of an excess of lactose or indigestible non-milk carto-
hydrate to the pre-ruminant calf. Typicel symptoms are

an increased faecal level of low molecular organic acids,

lactic acid and a low faecal pH.

2. A more serious putrefactive diarrhoea may develor focllow-

ing a very rapid ovtflow of digesta from the atomasum,

this raises the intestinal pl, thereby permitting the

growth of ®.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 (1953) also suggest that some of the fermentation end-
products - the volatile fatty acids - raise the osmotic pressure within

the intestine,therety resulting in a loss of body water.

The result of diarrhoez in severe cases is often death due to dehy-

dration,

Shillam, Dawson and Roy, 1960; Shillam, Roy and Ingram, 1962 a and b;
Shillam and Roy, 1963 a and b; have done exhaustive studies on the effect
of overheating during the drying of milk powders, and the subsequent effect
on calf scours. They have found that pre-heating (ca. 7O~8000) for up to
30 minutes prior to spray-drying, or roller drying at 11OOC,resu1ts in a
markgd denaturation of whey proteins and the complexing of soluble calcium
ions. Lister (1971) reported that severe heating of milk reduced by 50%
the whey protein (albumin and globulin) content in the resultant milk

powder. The clotting times for low and mildly heat-treated milks deter-
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mined in vitro were 5.7 gnd 6.7 minutes respectively, whercas severely
hcated milk only formed a clot in the presence of added soluble calcium.
Shillam_gﬁ_g}.(1963b) suggest that scouring caused by overheated milk
powders may be due to the passage into the small intestine of polypep-
tides (a substrate for intestinal pathogens) which have not undergore
complete proteclysis in the stomach because of poor curd formation

hence cavsing a more rapid pyloric outflow.

Mylrea (1966c) has shown that as the abomasum has a great prcpen-
sity to expend, overfeeding with whole milk will result in scouring only
if 'infection' conditions within the calf are high. This, it mﬁst
be assumed, is due to the increased rate of flow associated with the

exponertial rate of abomasal emptying and consequent incomplete gastric

proteclysis.

Fet-free Diets and Added TFats

Milk diets containing very little or no fat have been reported by
many authors to induce calf scours (Cunningham and Loosli, 1953; Owern,
Jacobson, Allen and Homeyer, 1958; Olsen and Williams, 1959; Bush,
Schuh, Tennille and Walker, 1963; Mathieu and Barre, 1964). Secondly,as
butterfat is a carrier of vitamins A, D and B (Ling, Kon and Porter,
1961), its removal from the milk is likely to result in a vitamin defi-
ciency within the animal, unless corrected by the feeding of a vitamin
supplemert; particularly when feeding a fat-free diet from birth (Blaxter
and Brown, 1952). The feeding of fat-free diets, either frcm birth or
subseguent to colostrum feeding, will also initiate a fat deficiency
syndrome described by Lambert, Jacobson, Allen and Zaletel (1954), since
at birth blocd lipid levels are low (Noble, Steele and Moore, 1971). But
as the response to the feeding of any of several different types of fat
was rapid, and the deficiency symptoms quickly disappeared (Cunningham
and Locsli, loc.cit.) it would appear that these symptoms are not due

either to an essential fatty acid deficiency (linoleic, linolenic and arachi-
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donic acids - Tayler, 1969), or to a vitamin deficiency.

The addition of small amounts of fat to a low-fat milk diet increa-
ses the faecal d.m. ccntent (Olsen and Williams, 1959; Bush et al., 1963;
Mathieu and Barre, 1964), albeit too much fat will in scme instances lower
the faecal d.m. content (Grimes and Gardiner, 1959; Roy, Shillam, Thomp-
son and Dawson, 1961). Furthermore, per unit of weight, fat provides more
than twice the gross energy surplied by either protein or lactose,and
conscquently its inclusior in a low-fat milk diet reduces the d.m. intake
requirement of the calf and, of particulsr significance, the intake of
protein and lactose. Trials reported by 0wen5§L2;.(1958) and Bush et al.
(1963) have both shown that the addition of 'whey-type' minerals signi-
ficantly decreased the faecal d.m. content of calves fed a basal skim milk

diet. Owenet al.(loc.cit.) further found that the addition of a 5% lac-

tose supplement similarly resulted in a marked loosening of faeces. These
authors prepounded the thesis that whey mincrals stimulate hypersecretion
of bile salts which, in the abtsence of sufficient dietary fat, act as a
laxative. The high lactose levels, they suggest, may induce scouring due
to saturation of lactase, 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 of neutral lipids. This, they
suggested, would indicate that the addition of lipids to a fat-free basal
diet would be commensuwrate with an increased soap formation and consequent
removal of the laxative stimulus of the whey minerals. An alternative
hypothesis suggested by Owen et al.(41958) is that laxative bile acids are
removed by forming a complex with the dietary free fatty acids,which is
then absorted in the small intestine., On the other hand, excessive levels
of fat, particularly if poorly incorporated, may form a protective ccating
over the milk prctein, thereby preventing adequate curd formation and gastric

proteclysis.



The Use of Milk-fat Substitutes

Initial attempts to uée milk fat substitutes met with little success as,
at that time, there was not a full appreciation either of the importance of
the role played by vitamin E in preventiné museuvlar dystrophy (Elaxter, 1952),
or of the necessity to reduce the fat globule, by emulsification or hcmogen-
isation, to a size similar to that found in whole milk (Raver and Rcbinsor,
1964a). Diets containing unhydrcgenated fats such 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, resulting in the breakdown of the
tocopherol ccmpounds. These authors state that the requirement for Vit E is
proportional to the iodine number of the fat. Whereas ruminant fats are
corprised predominantly of palmitic, stearic and oleic acids, vegetable oils
and non-ruminant animal fats contain, as well, a high prcpcrticrn of 014
acids; the majority of these fatty acids are polyunsaturated (Hilditch,
1956). The composition of butterfat is notatle for the high proportion of
short chain ( < 012) and polyunsaturated fatty acids relative to the compo-
sition of ruminant adipose tissue (Garton 1967). These differences in comp-
osition of the various fats are of particular importance, in that it has becen
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 unsaturgtion. With calves, for example,

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

of age, of 97%, 93% and 85% respectively (Roy, 196L4).

Scme works reviewed by Radostits and Bell (1970) have shown that the
f'eeding of polyunsaturated vegetable fats to young calves will induce ill-
thrift, although the results of other workers is conflicting in some
aspects of this werk., Jarvis and Waugh (1949) attempted.to overcome the
problems of ill-thrift by supplementing a basal skim milk diet with cotton-
seed 01l artificially hydrogenated immediately prior to feeding. Although

these calves had a growth rate of only 50% that of the control whole-milk-
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fed calves, the calves fed an unkhydrogenzted cottonseed oil were cmaciated,
mortality was high and the survivors barcly maintained their weight. O=n
the contrary, Raven and Rctinson (1958, 1959, 1960) showed a marked decrease
in growth of calves fed artificially-hydrogenated palm and palm-kernel
oils. Aaes-Jorgensen (1966) with rats similarly rcported impaired growth
when feeding artificially hydrogerated fats, but on the addition to these
diets of linoleic acid an imprcvement in liveweight gain was noted. He
suggested howeverthat this phernomenon may not have been due solely to an
essertial fatty acid deficiency but alsc to a toxic effect produced by bio-
logically inert isomers forred during hydrogeration of the fat. Tarlier
evidence supporting this theory of toxin formation was reported by Adams,
Gander, Gullickson and Sautter (1959). They found that a ccrn-oil pre-
paration prepared daily raised the d.m. digestibility above that found
when using an cil prepearation prepared weekly which, they suggested,may have
been due to an’upsetting of the calf's metabolic systemn by toxins formed

through spontanecus oxidation of the fat.

Tallow, although of a relatively 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-

ities and at low cost, and it appears to cause fewer metabolic disorders than

do the more highly digested vegetable oils.

Homogenization and Emulsification

M. ...othere is general agreement that for efficiernt utilisation
some form of treatment is necessary to reduce the size of fat

globules".
- Rcy, Shillam, Thompson and Dawson (1961)

Kastelic, Bentley and Phillips (1950) were among the first to show that
smaller fat globules formed by homogenization are more easily digested than the
Jarger globules which are found in emulsified fats, a conclusion later borne

out by Warner, Loosli and Ley (1962):
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TABLE 1:
Apparent digestibility of* fat plus a lecithin incerpor—
ated either by homogenization or melting and blending into
skim milk diets fed to young dairy calves - after Warner,
Loosli and Ley (1962).
Fat Type Fat Content Herogenised Melted and Blended

+ Lecithin (% d.m.) in liquid form in liquid form

Butter 25 93 84

Tallow 25 90 73

Coccnut 03l 25 89 89

Further, Raven and Rotinson (1964a) in a series of experiments have
reaffirmed the above findings and, as well, have shown the importance of an
added lecithin for improving fat digestidility in diets where the fat has

not been homogenised.

TABRR 2:
Mean digestibility of ether extractable material in
different diets - after Raven and Robinson, (1964a).
. Ether Extractable
Do Material
(A1l prepared as milk powders) ’ (%)
Whole milk 95.2
lended butterfat + skim milk 71.8
Blended butterfat + lecithin + skim milk 88.3
Homogenised palm-kernel oil + skim milk Sl o1
Homogenised palm-kernel + lecithin + skim 96,3
milk
Blended tallow + lecithin + skim milk’ T0 ot
Homogenised tallow + lecithin + skim milk 86.8
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It is abundantly clear that homogenization, cxcept in the case of
coconut oil (tatle 1),mafkedly improves the digestibility of dietary fat.
This is prcbably due to a greater surface area of fat being exposed to the
enzyme action of pancreatic lipase (Liné, Kon and Porter, 1961). It is
also apparent that a lecithin improves the digestibility of lipids, whether
or not the fat is homogenised, psarticularly when the fat is only blended
into the diet. Although natural cows' milk cbntains high levels of leci-
thin, this is destroyed during the marufacture of milk powders (Hopkins,
Warner and Loosli 1959), thus necessitating the addition of a supplement-
ary lecithin or emulsifier, such as glycerol-mono-sterate, in artificial

milk dietse.

Fat globules in cows milk range from O.1 - 10‘pm in diameter, althcugh
most are in the range B-A/mn (Ljng,gjljgg {961)0 Raven and Robinson (1964a)
found in their work that the globule size of blended tallow ranged from 5-10
}mxwith some being as large as ZO}LH, whereas the globule size of tallow, if
adequately homogenised, was of a similar size to that of the fat in whole
milk, These same authors (1964b) have shown that the greatest need for
small fat globules by the calf is during its first f'ew weeks of life
since - "In the case of vegetable fats and tallow there was a definite ten-
dency for an improvement in fat digestibility to take place with increasing
age of the calves, e.g., the mean digestibility of the tallow was 83.0t 1.2%
at 1-2 weeks of age, and 88.,9% 1.4% at L-5 weeks of age eese." They attri-
buted this observation to an increasing pancreatic lipase activity found in
young calves between the age of one to seven days, (Huber, Jacobson, Allen
and Hartman, 1961), They do not attempt to explain, however, why this
increase occurred frem seven to thirty-five days of age when, according to

Huber et al.(loc.cit.), the activity of the enzyme does not significantly

change, irrespective of the dietary composition,

A limited amount of research has shown that the conditions under which
the fat is prepared have been shown to affect the subsequent effectiveness

of the fat supplement. Vleig (1964) has pointed to the need for care when
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making up a fat emulsion,as it is imperative not to overheat the tallow
(m.p. 4500) prior to adding the emulsifier, if the emulsiorn is to remain
stable. And Liebholz (19€6), in extensive feeding trials with calves,
found that when high levels of tallow w;re homogenised into the diet,
better weight gains were obtained when the diet was homogenised at 3OOC
than at 18.800, as at the lower temperature the incorporation of tallow

into the milk was pocr and settling on standing was observed.

Energy Requirements for Pre-ruminant Calves

Blaxter and Wood (1951) determined the energy requirements for
young milk-fed calves confined to metabolism crates,by regressing the
liveweight changes on digestible energy intake. They estimated a mainten-
ance requirement of 52.4 kcals digestible energy (DE)/kg liveweight, and
307 kcals DE/100g liveweight gain. Van Es, Nijkamp, van Weerden and van
Hellemond (1969), using an indirect calorimetric approach,estimated the
maintenance energy requirement for calves up to the age of 10-14 weeks
to be 42 kcals DE/kg liveweight,which is in close agreement with the
requirement of 45 kcals DE reported by Brisson, Cunningham and Haskell
(1957). Bryant, Foreman, Jacobson and McGilliard (1967) found a higher
requirement of 48 kcals DE/kg liveweight for maintenance. Brisson et al.
and Bryant et al, estimated the requirements for 100g liveweight gain to

be respectively 268 and 370 kcals DE.

These differences in the estimated requirements for energy are not
surprising in view of the age differences of the calves used, the errors
associated with the measurement of liveweight, and the different techni-

ques used to determine the requirements.

Protein Requirements for Pre-ruminant Calves

In reviewing the protein requirement for calves,Jacobson (1969)
points out the ".....marked variations in the estimated protein (and energy)
requirements of calves particularly in the ruminant stage', which, he contin-

ues ".....are influenced by the rate of gain, body size, age, diet and other
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factors.” For the 50 kg non-ruminating calfl; the respective requirements
of digestible crude protein for maintenance (g/day) and for 100g live-
weight gain (g) were: Blaxter and Wood (1951) 32 and 16.2; Brisson et al.
(1957) 20 and 22.2; Bryant et al.(1967) 35 and 15.8. Using the average
of the energy and crude protein estimates, Jacobson has shown that the
ratio of digestible crude protein (in grams) to digestible energy (in
kilocalories) declines sharply as the rate of gain increases. For main-
tenance, and maintenance + 0.5 kg gain, the ratios are respectively 1:75
and 1:35., Milk containing 3.7% fat has a ratio of approximately 1:23,
which indicates that for normal rates of growth, energy will be the growth

limiting factor when milk is fed as the sole zalf diet (Jacobson, 1969).

Level of Fat in Milk Replacers

Milk fat supplies as much as 50% of the total energy in whole milk,
protein 26%, and lactose 24% (Roy, 1970) - the prcportions being dependent
on numerous animal and animal nutrition factors; whereas only 15-20% of
the gross energy of buttermilk is derived from fat, if a 9% fat content
is assumed. Many workers have attempted, with varying degrees of success,
to improve the rate of liveweight gain, and more particularly nitrogen

retention, by feeding different levels of milk fat substitutes in low fat

milk diets (Blaxter and Wood, 1951; Olson and Williams, 1959; Stone
Rennie and Ingram, 1963; Mathieu and Barre, 1964; Raven and Robinson,
1964; 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 digestible nitrogen intake was held constant, the amount
of retained nitrogen could be increased by raising the energy content of
the diet with a supplementary fat., This they attributéd to a decline in
the extent of deamination of dietary amino-acids for the supply of erergy
for frotein synthesis. Olson and Williams (1959) fed a milk replacer diet
containing 0%, %, 10%, 20% and 30% d.m. as lard,at a rate of feeding rest-
ricted to 10% of the calf's liveweight. They found that the rate of live-

weight gain increased with each increase in the level of supplementary fat.
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However, in extensive trials where Leibholz (1966) fed calves 0%, 10%,

20% and 30% of homogenised tallow at near ad.lib levels of intake, the
maximum observed rate of gain, averaged over a four week period, was

found to occur with calves fed the 20% téllow supplement. The rate of
growth in declining order was: 10%, 30% and 0% tallow. During the

last two weeks of this trial the rate of growth was similar for diets
which contained both 20% and 30% of the supplementary fat. Leibholz con-
cluded from this, and from a second experiment, that the addition of between
1% and 29 tallow to a skim milk diet resulted in the most satisfactory
liveweight gains. Stone et al.(1963) observed that the addition of 15%
tallow to a skim milk diet resulted in a better liveweight gain than the
addition of 10% tallow, and Mathieu and Barre (196L) progressively impro-
ved the liveweight performance of veal calves by increasing the butterfat
content of a reconstituted milk diet from 1% to 4.9 (wet matter basis).
These latter workers noted an increasing retention of nitrogen per 10Cg

of liveweight gain as the energy content of the milk decreased. However,
the daily gain of nitrogen was improved by the addition of fat to the
diet. Raven and Robinson (1964b) found that the energy supplied to skim
milk by the addition of palm oil, refined palm kernel oil, and tallow, at
a level simulating the energy content of whole milk, brought about a sub-
stantial improvement in the efficiency of nitroger retention as ccmpared
with that on low-fat milk diets. However the per cent nitrogen retention
with the filled milk diets was slightly lower than obtained with whole
milk diets. The effect on the carcass composition was not reported. Roy,
Gaston, Shillam, Thompson, Stobo and Greatorex (1964) presented evidence
to show that after seven weeks of age either that energy was limiting the amount
of nitrégen retained by calves fed whole milk,or. that the maximum potent-
ial for nitrogen retention had been reached and surplus energy was being laid
down as fat. In more recent work, Roy et al.(1970a) found that, by rais-
ing the fat content from 20% margarine to 30% margarine in a basal skim
milk diet, there was no change in the protein content of the carcass,

although the amount of adipose in the carcase of the 'high fat! calves



was markedly higher. Roy et al. (1970b) in a follow-up trial found that
wherecas the daily nitrogeﬁ retention was similar in high and low fat-fed
calves, the percentage of -digested nitrcger retained was greater in the
‘high fat' calves, thus suggesting that En fact a more effective use was
being made of the digested prctein than was indicated by the absolute nitro-
gen retention. They, however, concluded from these two trials that marga-

rine is not a readily available scurce of energy for calves when fed as a

supplement to a low-fat milk diet.

The work to date has clearly shown that fat of non-milk origin can be
beneficially used by calves to prcmote increased growth when fed in a milk
diet, providing that adequate care is taken over incorporating the fat into
the basal milk diet; vitamin defici encies are corrected; toxic prcducts
from oxidation are prevented from forming; and that the level of fat
used does not exceed 25-30% of the dry matter. However, there still remzins
some doubt as to whetlier this extra source of energy can be used to spare
the unnecessary de-amination of dietary protein and hence increrase the nitro-

gen retention in the carcass.

There appears to have been no work done in this field, incorporating
the use of both energy and nitrogen balances, and so the present trial was
therefore designed, using these two techniques, to see whether a low level
of supplementary fat in the form of beef tallow would raise the nitrcgen
retention in calves above that attained by calves fed a bhasal low-fat milk
diet. A further aspect studied was whether or not the low level of
tallow was adequate to significantly increase the dry matter content of

the faeces, and thereby reduce the risk of calf mortality due to diarrhoea.

Skim milk powder (S.M.P.) was used as the basal diet because of its
low fat content, but for reascns to be discussed in Chapter III, this
experiment was terminateé prematurely, and a new experiment was commenced

using B.M.P. as the basal diet. For this reason Chapters II and IIT have



16.

been divided into sections: Section One deals with the main trial

using B.M.P. and Section Twe with the aborted trial using S.M.P.




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.

Experimental Period

cotectea tata | Ter of | Pbimieny | Crongorer
Period 1 Period 2 Period 3

Liveweight 12 Up to 7 8-11 14-23% 24-%3% 34-4%
Intake and excreta for

energy and nitrogen 9 19=2% 29-%3 39-4%
balances

Indirect estimation of

heat production for 9 22=2% 32-3% 42-4%

energy balance.

agk



2414

17,

MATERTALS AND METHODS
SECTION ONK

Buttermilk Pcwder ¥operiment

Animals
Twelve Friesian bull calves horn in April and May were
ccllected at 3 to 6 days of age from the Massey University dairy

farm and a local town milk supplier.

General Outline of BExperiment

The experiment consisted of a preliminary period, a change-
over period and three consecutive ten-day experimental periods.
Calves were fed indoors on a buttermilk or buttermilk plus tallow
diet commrencing at approximately fourteen days of age.

- TFour calves L1, L2, L5 and L4 were fed on a low plane
of energy intzke in the form of reconstituted butter-
milk powder (B.M.P.), hereafter referred to as treat-

ment L.

- Four calves H1, H2, H3 and Hl were fed on a high plane
of energy intake in the form of reconstituted B.M.P.,

hereafter referred to as treatment H.

= The remaining four animals HT1, HT2, HT3 and HT4, were
fed an energy intake equivalent to that of the calves
on treatment H; part of this being provided in the form
of reconstituted B.M.P. and the remainder as beef tallow.

This treatment is hereafter referred to as treatment HT,

The calves were randomly allocated to each treatment on arrival

at the Massey University Animal Physiology Unit,

The level of energy intake, the source of energy and expected

liveweight gains are shown in figure 1.




RELATIVE ENERGY INTAKE
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TREATMENT  GROUPS

EXPECTED DAILY LIVEWEIGHT GAIN (kg)

Fig.l : 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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Due to the limited resources available only calves 1, 2
and 3 on each of the three treatmenis were used for encrgy and
nitrogen balance 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 be
available as rcplacements in the case of death of one of their

respective group mates.
Experimental Design

Preliminary and changeover periods

The aim of the preliminary period was to allow the calves
time to beccme accustomed to the confinement of their metabolism
crates and to teach them to drink from a bucket. As well, each

of the 'balance' calves spent some time in a calorimetry chamber,

A four-day changeover period, commencing at about eight
days of age, was instituted when changing from whole milk feeding
to the respective treatment diets, as it is well known that a
sudden change in diet particularly with young animals, will often

result in digestive upsets, e.g., Preston (1957).

Experimental Periods

During the experimental periods, each of which consisted of
ten days, the food intake was held constant. Faeces and urine
were quantitatively collected from each of the nine 'balance’
calves during the last five days of each period. The faecal
samples and urine sub-samples from each calf were bulked at the
end of the respective periods and stored for subsequent chemical
and dry matter analysis., The animals spent the final two days of
each period in an indirect calorimeter. (See figure A)

LIERARY
MASSEY UnIVERSITY
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Feeds and Feeding

Quality of feed

During the pfoliminary period all calves were fed a pro-
prietary whole milk replacer in equal quantities at 9.00 a.m.
and 4.30 pem. This milk was reconstituted by adding one part
of powder to eight parts of water and fed at a daily rate of

10% of calf liveweight.

The B.M.P., was manufactured by the spray-drying process
and marketed as a finest quality product. However, this was
subsequently found to be incorrectly labelled as the powder was
only of 'stock food! quality due to overheating in the spray-
drier (Ministry of Agriculture and Fisheries, pers. comm,):
this being detected by the small lumps of burnt powder found

floating on the surface of the reconstituted milk,

The beef tallow from the Longburn Freezing Company was
classified as 'edible', and the glycerol-mono-stearate (G.M.S,)
manufactured by Abel's, was similar to that used in the baking
industry. Both were stored at SOC while not in use. The mean
chemical composition of the buttermilk powder and fats (with

S.E.'s) are as follows:

s sk Protein Fat Ash Gross Energy
- (%‘d°m°) (% d.m.) (% dom.) (kcals/g)

Buttermilk powder | 31.88%0.11 | 8.6550.14 | 7.0720.02| L4 .6420.01

_ 0.54(F.F.A) 9.55%0.00
Tallow 99.46(T.G.)

Glycerol-Mono-Stear- N
ate 100 8.+47-0.,00

Level of feeding

The experiment was designed sc that the calves on treatment L

were fed sufficient energy for mainterance plus 0,45 kg liveweight
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gain/day, while calves on treatments H and HT were fed

sufficient energy  to allow for maintcnance plus 0,68 kg live-
weight gain/day. The amount of ;owder fed was calculated from
the energy requirements for milk-fed calves estimated by Blaxter
and Wood (1951) to be 52.4 kcals digestible energy/kg liveweight/
day for maintenance, and 307 kcals/digestible erergy/O.1kg live-
weight gain. In the present experiment the gross energy of a

preliminary buttermilk powder sample was found to be %4.65 kcals/g

and it's digestibility was assumed to be 92% (Roy, 1970).

Calves on treatments L and H were fed solely on B.M.P.
reconstituted with water to contain 15% dry matter. The calves
on #reatment HT were fed sufficient B.M.P. to provi de the main-
tenance energy requirerents. A further batch of buttermilk was
prepared (15% d.n.) to which an amount of emulsified tallow was
added such that 2.2 kg of this fat-fortified buttermilk supplied
sufficient energy to allow for 0.68 kg liveweight gain/day. The
ratio of fat to B.M.P. was adjusted so that the tallow plus G.M.S.
contributed to 0.23 kg of the total gain., The lipid additive had
a gross energy content of 9,44 kcals/g and an assumed digestibility

of 8% (Raver, 1970).

Feed preparation

Milk powder was added to luke-warm water in a fifteen gallon
straight-sided milk can, and thoroughly mixed with a milk vat
agitator, The milk was then passe¢G through a 2 mm mesh sieve to
remove any undissolved lumps of powder. The dry matter content of
the reconstituted milk was determined in duplicate by oven drying
approximately 5 g in an aluminium milk bottle cap at 10300 for
twenty four hours. All reconstituted milk was stored at 300 until

required, but none was kept longer than thirty six hours.
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Tallew was heated to ca. 60°C in a small metal bucket to
which was added %% (w/w) of G.M.S. The mixture was then tho-
roughly blended with a wire wisk: The requirecd weight of this
lipid mixivre was poured into the warm reconstituted milk, then
vigorously agitated and passed twice through a geer purp and
sprey nozzle at 60-70 p.se.i. pressurc. The weight of tallew
incorporated into the milk was found by difference between the
dry matter content before and after the addition of fat. This

milk also was stored at 500 until required.

Initially, and several times during the experiment, the
fat glcbule size of the homcgenized tallow-supplemented milk
was mecsured using an optical microsccpe with a calibrated eye~
piece. Milk samples were taken both immediately after pessing
through the homogenizer and after the milk had been stored in
the cool room for severel hours. Whole milk was used to provide
a comparison of the fat globule size, but no statistical analysis

of size distribution was carried out,

Feeding

At the beginning of each new ten-day period the calves were
weighed and the feed requirement for the following ten days deter-
mined, The milk was weighed (t 5g) into tared calf buckets to

which was added a 15g measure of a calf mineral supplement:

| -
Composition of calf mineral supplement (active in-
gredient/hBAg of supplement)
Vitamin A 585,000 i.ue Fe 0.51g
Vitamin Dy 56,00C i.U. Zn 1.25¢g
Vitamin E 3hE R Mn 0.26g
Vitamin C 5.59 g Cu 0.12g
I 0,006g
Cc 0.003g
Mg 5.04g

The buckets of milk were then placecd in a large heated water batk



2.4. (cont'd)
Wher: all the milk had been consumed the buckets were scrubbed
in hot water containing a detergent and senitiser and then rinsed.
Between feedings the buckets Wer; kept immersed in a dilute anti-

bacterial waterbath, Refusals were weighecd prior to the following

feeding.

2eDe Weighing

The calves were weighed on arrival, and before feeding on the
fellowing two days witk the average of these weights being used as
the independent variable for the subsequent analysis of covariance.
Calves were also weighed at the commencement of the experimental
period, and onr entering and leasving the calorimeter. The three
calves not cn 'balance' were weighed at ten-day intervals. All
calves were weighed on two consecutive days at the end of the exper-
iment. Weighings were done on a portable 'Avery' weighing platform

accurate to 0,25 kg.

2.6a Calf Health

Calves were kept under constant surveillancé for scouring and
any other outward signs of poor health., Twice daily during the
thirty—-day experimental period a subjective observation of the con-
sistency of the faeces was recorded for each calf using the
following six point scale:

- firm, dry faeces
- moist faeces

- wet faeces

- very wet facces

0
|
2
3
L - scours
3 - severe scours
hese

The higher of t two classifications (i.e., that describing the
lower apparent faecal d.m. content) was used in the subsequent Chi-

Square analysis.
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Treatment for scours involved the immediate halving of
the deily milk ration fcllowed by a gradual re-intrcduction
over the following three days. Chronic scours were further
treated with a 5g sulphamethazine tablet for two days and 2.5g
on the third day. Severe scours were treated by feeding very
dilute milk fortified with 0.3 kg glucose, O.1 kg Kaolin clay
and 0.50 kg of a proprietary electrolyte mix. With continued

severe scouring oxytetracyline drugs were usel,

Calf Housing and Calorimetry

A1l calves when not in the celorimeter were kept in meta-
bolism crates in two controlled temperature rooms for the
duratior of the @mperiment. Ambient temperature was meintained

ab 2576 (D ae)n

During the preliminary period the animals spent at least
two days in the indirect calorimeter during which time a close
watch was kept and any necessary adjustments to the calorimeters

were made,

Two calorimeters were used. and the calves were alternated
between them in order to randomise any uncorrectec. systematic

ETrTOorsSe.

Operation of the calorimeters

Each calorimeter consisted of a chamber of galvanised sheet
metal on rigid steel framework. 1.7m x O.7m x 1.5m high (internal
measurements), with a front and back door sealed by rubber gaskets,
Both chambers were insulgted with 2,5 cm thick expanded polysty-
rere. The front doors of the chamber had built into them a feed

and water trough which was accessible through a O0.%m x O.3m rubber-

sealed hatch., A perspex window protected by wire mesh in both back
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and front doors erabled the operator to inspect the animals within
the chamlber; however, the animsls within each chamber could not

see each other.

The calculated volume of each calorimeter was 2,200 litres.
The air temperature within the calorimeter was ccntrolled at 150C
(i 1OC) by means of a water cooled heat exchanger and a thermo-
statically controlled electric heater mounted above a false ceiling
beneath the top of the chamber. A small electric fan forced air
through the air-conditioning unit concomitantly mixing the incoming

air with that air already in the chamber.

Air was exhausted frcm each chambter, by two rotary vacuum pumps
mounted in parallel, through a 2.5 cm diameter P.V.C, pipe set in
the top of the rear door of the chamber. Fresh air was drawn from
outside the building and entered the chamber through a 2.5 cm open-
ing above the water trough in the frcent docr of the chamber. ¥ach
calorimeter was operated at a pressure of about 2 cm water guage
below atmospheric pressure in a well ventilated, temperature con-

trolled room,.

The exhausted air was drawn through a device which ccoled it to
about BOC, and then into a room thermostatically heated to 280C.
Thus the air was re-heated to a constant temperature before being
drawn through two dry-gas meters connected in series. The air
temperature was measured as it left thé cooling device and again as
it left the gas meters. As the air was assumed to ge saturated on
leaving the air cooler an estimation of the water vapour pressure
could be made. Barometric pressure was also recorded. With this
data it was possible to correct the metered volume of air to conditions

Of S.T.PED.
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An automatic solenoid switching system cerabled small samples
of air (1Il/hin) to be drawn by a small electric diaphragm pump
from both the incoming fresh air“before it entered the chambers,
and the exhaust air on leaving the chembers. These air samples
were dried in two separate 3m x 2.5 cm diameter silica gel columns.
The system of solencid values enabled exhaust air to be drswn
alternately frcm each calorimeter for four-minute intervals, and
fresh air for an eight minute interval every four hours. Thence,
the smell samples were pumped throuvgh an avtomatic infra-red carton
dioxide analyser (range 0-1.5% COZ) and an automatic paramagnetic
oxygen analyser (range 19-21% 02) conhected in series., The elect-
rical output from each analyser was ccnnected to a separate chanrel
of a two-channel recorder (C.5 mV full range). The recorded traces
for a twenty one to twenty three hour period were integrated man-
ually with a travelling planimeter. Both gas analysers and the
recorder were calibrated daily by pumping through them two different
compressed-gas mixtures of known composition. The COp and Oy content
of these mixtures, determined volumetrically with a Lloyd-Haldane gas

analyser, were 0.988% and 20.339%, and 0.972% and19.842% respectively.

The calculated respired gas volumes, corrected to S.T.P.D., were
further adjusted for the change in the chamber air composition between

the beginning and end of each measwrement period.,

Heat production was calculated using the formula of Brouwer (1565):

HP = 0o x 3,866 + 002 x 1.200 = N x 10431

Where HP = heat produced, kcals/24 hr
0o oxygen consumed, litres/2, he
CO2 = carbon dioxide produced, litres/24 hr
N = urinary nitrogen excreted, g/24 hr

1l

n

An example of the calculation of heat production is shown in appendix 3.
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Tests applied to the calorimelric equipment

The dry-gas meters were tescted against a spirometer (150 1) at
the Palmerston North Gas Departﬁent workshops, over the range of

flow rates used in tlie experiment.

The whole apparatus was tested by the contrclled burning of
a weighed amount of absoclute alcohol within the calorimeter for
periods of up to twelve houvrs duration, A series of such tests
produced a mean measured O, ccnsumption of 97.1% (t 0.7%) of the

theoretical oxygen consumption,

The calorimetric chamber, tested for air leaks by metering
simultaneously the incoming and outgoing air, revealed a leakage
of about +3%; this representing a gain of air drawn into the
system. No leaks were found between the chambers and the gas

meters.

Collection of Faecces and Urine

Urine was funnelled from the metabolism crate into a plas-
tic bucket containing approximately 2.5% (v/w) 0.1 N H2804 of
the previous day's excreted urine., The urine was weighed each
day and a thoroughly mixed 10% subsample was stored in a covered

bucket at BOC; acidity was maintained at approximately pH 2.

Faeces were collected on a flat metal tray with raised
edges, placed under the wire mesh grate of the metabolism crate.
Faeces were also collected daily, bulked into 'calf periods' and

stored at - 12°C in a covered plastic container.

With healthy calves urine cortamination by faeces was negli-
gible, but with scouring calves contamination did occur in some

instances as a result of overflow from the faece collection tray
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2.9

2.9.1

into the urine bucket, Urine contamination of faeces was not

a significant pf‘oblemo

At the end of the calf's balance period the bulked faeces
were transferred to a plastic bag, weighed in the frczen state
and again stored at - 1200. The bulked urine subtsample was
thoroughly mixed ard apprcximately 2 iitres was transferred to
a plastic bottle and stored at - 1200. The specific gravity

was determined gravimetrically.

Cremical Methods

Random samples (ca. 0.5kg) of tallow, glycerol-mono-stearate
and of each batch of' milk powder were taken and stored in a

0
sealed plastic bag at - 12 C.

A1l chemical analyses were done in duplicate and where neces-

sary blank determinations were also carried out.

Nitrogen determination

The nitrogen ccntent of feeds and excreta was determined by

the macro-kjeldahl method (A.0.A.C., 1965).

Bulked faecal samples were thawed, then mixed for two minutes
in a large electric mixer. A 4-5 g subsample was put into a nitro-
gen-free plastic bag (0.5 g) and the bag plus contents digested in
the usual way. A weighed sammple was taken frcm the faecal slurry
(ca. 150 g) and oven-dried in a flat-bottomed metal dish at 7OOC
for forty eight hours to determine the dry matter content. The
dried faeces were then pulverised in a 'Waring Blender' and were

stored in a screw-top glass bottle for further analyses.



2.9.2 Lipid determination

A chlorofoqm—methanol fat extraction method (Folch, Lees
and Stanley, 1957) was used to<extract the total lipid from a
L-6 g sample of dried faecces. The weighed sarple was diluted
twenty times (w/%) with a 2:1 chloroform-methanol solution.
After a thirty minute extraction period, the solids were re-
moved by filtration through a sciniered glass funnel (X-2) which
was then rinsed with pure solvent. The lipid-ccntaining filt-
rate was transferred to a separating funnel, diluted 20% with an
electrclyte solution and left to stand overnight. The 'lower

phase' containing the lipid was then transferred to a weighed -oven-

dried flask, the solvent renoved, and flask plus lipid were oven-
dried overnight before re-weighing.

Butterfat from the B.M.P. was extracted by the method of

Pearson (1970).

2:9:5 Gross energy determination

The gross energy of feeds, faeces and urine were determined
in an Adiabatic Bomb Calorimeter. Approximately 0.75 g of B.M.P.
was weighed into a plastic bag of known calorific value and the
total calorific value was measured. Faecal samples were similarly
analysed., A 25.0 ml urine sample was pipetted into a petri-dish
and then freeze-dried for twenty four hours. The polythene film
containing the urine solids was folded tightly and combusted.
Corrections were made for the calorific value of the polythene,
the specific gravity and.H2304 content of the urine sample when

calculating the total urinary energy.

2,10 Statistical Analysis

2.10,.1 Analysis of energy and nitrogen balance data

Analyses of variance for a randomized block design, as outlined

by Snedecor (1961), was used to test for differences between calves,



2.10.1 (cont'a)

2.10.2

treatments and periods for all data obtained in the energy and

nitrogen balances. The classification of the experimental obser-

-

vations showing expectations of the mean squares are shown as

follows:
Scurce Aot Prpectation of M.S.
2 _E
Treatment (t—1) o +po@ Z'T
Period (p-1) o2 +pr‘t| 3 [:;
TxP -1)(t-1
(p-1)(61) o2 4yey A
Animal within treat- 2 .
ments t(1_1) pise po“
Breor t(r—1)(p—1) o?
Total (t.p.ro—1)
o? = experimental error
Qf = animal variance
Ti = treatment effect
% = Period effect
AU = treatment x period interaction
I = nurber of animals per treatment

Testing was carried out as follows:
(a) Treatments - The 'animal within treatments' mean square
was used to test for differences between treatment means.

(b) Differences between periods, animals and treatment x
period interactions were tested against the error mean

square.,

Regression analysis

The relationships between energy retained and both gross
energy and metabolizable energy intake; and log heat production
and log liveweight, were measured by analysis of regression
(Snedecor, 1961). As regressions based on the pooled data were

confounded by animal, period and treatment effects, these were
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2+10.2 (cont'd)

removed and a measure of the error regression obtained. 1here
variations between treatments im the relationship were suspected,

individual regression analysis were made for each treatment.

2.10.3 Covariance analysis

The relationship between liveweights at the end of each

period and the initial pre-treatment liveweight was analysed

using covariance analysis (Snedecor, 1961).

210l Faecal observations

Analysis of Chi-Square (Snedecor, 1961) was used to detect
for differences in faecal dry matter classifications between

treatments.

2 0L5 Significance of differences

The method of least significant difference (Snedecor, 1961)
was used to locate the difference between means which were statis-

tically significant.

Note 1:

The following signs have been used throughout to describe
the level of significance of differences between means:

***  Differences significant at the 1% level
of probability.

**  Differences significant at the 5% level
of prcbability.

Differences significant at the 10% level
of probability.,

N.S. Differences not significant.,

Note 2:

S.E. Standard Brror of the mean.
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SECTION TW

SKIM 'MILK POWDER EXPTRIMENT

-

This experiment was designed in a manner identical to that
already described, with the exception that S.M.P. (1% milk fat on
a dry matter basis) was used in place of B.M.P. which contained

9% milk fat.

This experiment was terminated after ten days of S.M.P. feed-
ing and conseguently no 'balance' data were obtained. However,
ffaecal observations were recorded on thirty seven calf-days.

Becauge c¢f the short duration of this experiment the results and
discugsicen of this section of the work have been given less emphasis

that those of the B.M.P, experiment.
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CEAPTER THRURE

RESULTS

SECTION ONE

-

Animals

General

The calves quickly settled into their metabolism crates and
readily drank their milk from buckets, with the exception of calf
L4 which had frequently to be ccaxed into drinking., This calf
was the only one to refuse milk while in a state of good health.

In the calorimeter the animals remained quiet at all times,

Health

The pooled subjective flaecal consistency score of the four
calves within each of the three treatments have been summarised in

appendix 2. Those calves fed the tallow supplement had consider-

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

case of scours being recorded against treatment HT, whereas eleven
cases was recorded against treatment L and nine against treatment
H. Chi-Squared analysis showed scouring (viz. classifications &

and 5) to be deperdent on the fat content of the diet (p < 0.05).,

Many of the calves showed a tendency towards scouring when
changed from a whole milk diet to the experimental diet. However
this tendency was only of short duration and faecal observations
during the change-over period were not included in the above ana-
lysis. The single case of scours recorded against treatment HT
(calf HT1) occurred during the first period on the experimental

diet .

A quantitative faecal dry matter analysis was also carried out

using data from oven-dried faeces collected from the nine calves



Percentage Dry Matter of Bulked Oven-Dried Faeces Collected During the Five-Day
Balance Periods.

Significant Result

Treatment | Calf Period 1 mean Period 2 mean Period 3% mean ﬁzzitieg?E.
11 BN 14.28 19.42 N
L L2 17.89 16.52 15.62 15.36 14.55 17.75 16.54~0.85
L3 17.95 16.19 19.27
H1 17.23 15.60 18.73% N
H H2 18.65 15.89 13.76 14.96 14.49 16.81 15.89-0.85
H3 11.81 15.52 17.22 4
. HM 23.90 21.21 20.40 L
HT HT2 18.36 HoRIil 19.20 19.89 24.89 22.14 20.66-0.85
HT3 17.64 19+25 21.13%
Period mean ¥ S.E. 17.49%0.85 16.7320.85 18.9020.85
HE = I H¥#x

*he



Type of Drug Administered as Determined by Faecal
Consistency and Slowness of Recovery of Calves to
Normal Health.

Period 1 Period 2 Period 3
Calf
S.M.* 0.T.C.%¥ S.M. 0.T.C. S.M. 0.T.C.

11 X X X

12 X X X

L3 X X X

H1 X X

m X X X
H3 X

14 X X

HT1 X X

* sulfa methazine

¥  oxytetracycline

4
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during their respective five-day balance periods. These data are
summarised in table 3. Analyses show that calves on treatment HT
voided firmer faeces than calves on the other two treatments

(p< 0.01), but differences between periods were not significant.
It is interesting to note the close agreement between the two
faecal parameters used in view of the fact that the qualitative
assessment was based on all twelve calves during the entire thirty-
day experimental period, whereas the quantitative measures were
based on the means of only three five-day balance periods of nine

calves,

Calf L4 developed severe and chronic scouring at one week of
age and subsequently required veterinary treatment. As sulphona-
mide drugs were ineffective in controlling scouring an oxytetracy-
cline was used with this calf, and subsequently with other calves,
when necessary. Table 4 summarises the periods during which indi-

vidual calves were treated with drugs for digestive disorders.

Calf HT1, during its final balance period, developed a severe
infection of the right hind hock which appeared to cause great dis-
comfort. The calf's rectal temperature (39.8 - AO.6OC) was slighily
above normal during this period and its respiratory rate was nearly
double that of two other healthy calves viz. 50 - 55 as compared with

29 and 57.

Liveweight

The mean growth curves for each group of calves recorded during
the experiment are shown in figure 2 and all data are summarised in
table 5. The mean liveweight gains, adjusted by covariance analysis
for differences in initial liveweight, over the thirty-three day

period from the commencement of the change-over period were 0.57,

0.73 and 0.62 kg/day for treatments L, H and HT respectively. These



LIVEWEIGHT (Kg)
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of calves.

: The average growth curve for each of the 3 groups



TLRLE 5
Livéweight Data from Calves Fed
Buttermilk Powder

Calf X x1 % Yj Y)+
L4 38.7 14049 46,4 52.9 59.2
L2 LA o1 L3, 18,9 55¢4 67 J6
LY 46,3 L8.5 5242 6044 66,2
Bl 2.6 33,6 37.9 42,0 L9.3
Mean 59-7 l+1 06 )}6.5 5207 59.1
H1 3L|c7 3608 1#300 14‘967 57-14
H2 Dol 38,8 452 il 2 58.9
H3 35.9 36.9 L 1 48.8 56.7
Hl, 45,6 47.2 54...0 61.0 69.4
Mﬁian 3709 3909 l‘5r8 5207 6C.6
HM Delepeell 47.6 50.0 56.1 61.5
HZ2 35.h 39.3 L5.7 50.6 61.3
HT? V=31 40.9 4.8 L Dol
HZ, L34 L4.5 49.9 59.0 65.6
Mean 40,2 43,1 L7.6 S4.3 61 2

XO = 1iveweigbt prior to commencement of change-
cver period,

Y1 = liveweight at commencement of period 1.

Yé = livewelght at end of period %.

Y3 = liveweight at end of period 2.

YL = liveweight at end of period 3.

Note: All weights are means of two consecutive

daily weighings except Y2

and Y, for the
fourth calf in each groupe. 7
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differences were not statistically significant (see appendix 3).

Calves L3, L4, H3, HT1 and His grew slowly during their first
ten-day period; the growth rates being 0.17, 0.43, 0.42 and 0.40
kg/day respectively. Conversely calf L3 had a very rapid apparent
gain during its second ten~day period, bui calf L4, which often
refused its milk, continued to grow slowly relative to its group
mates. There was, however, little indication that calf HT1
suffered any set-back in growth during period 3, even though it was
obviously under considerable stress as a result of its infected hind

hock.

DR Derivation of the Exponent of Liveweight

All balance data have been expressed in terms of unit liveweight
raised to the power 0.75 in accordance with Kleiber's recommendation
to the European Association of Agriculture Production (1965). The
actual exponent applicable to this group of calves was determined by
regression of the pooled data of log heat production on log live-
weight (figure 3, appendix 4) frem which the following equation was
derived:

Y = 0.852 (20.08) X + 2.007
where Y = log heat production
and X = log liveweight
This exponent of liveweight (b = 0.85) is in reascnable agreement
with Kleiber's value of 0,75, and thus justifies the use of the lat-
ter value in analysing the present results, particularly as this
exponent is now the accepted 'standard' ~ the use of which aliows

compariscns to be made with the results of other workers,
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35 Intake and Di gestibility

30301 :L'.'-.‘Jake

The calves' energy reguircments were formulated on the tzzis

¢f their liveweight (ks O)‘since 211 quoted retuirements are
tzs2d on this unit of liveweight. &ean daily intake of the

. . , = . . T 1.0) . (s 2zoh of
mzjcr csoenstituents of the respective diets(pesr =g durlns =zzch o

tr.z three ten-day pericds have been summarised in *tzble 6. Dry

rziner, crude proteln and milkfat intakes were significantly
grezzter in treatment H than in the cther twc treatzents (p < 2.07%),

z.~hcugn the calves fed the tallcw supplement nzi =z greater ir<zi=s
cf total dietary fat. Czlf L1 wzs unacceocuntatly ©2d zbove iis
z...P. allowance during period 1 zrnd hence the mezrn intzke of
sr.ie protein, butterfat and gross energy (of Z.¥.P., origin) waz
grezter by this group, than by the tallow-fed zroup of calves. As

nseguence analyses of wvariancs hzve been zzrrisd cut using Z=22

¢z pericds 2 and 3 only, as well zs frcm all farze periods.

Wean G.E.intakes (} 3aTS/kg °75/i' ) are sucmerised in the
srergy balance (table 9). Calves on tréatment B 2#d BT had a =dgzr-

izzntly greater G.B., intake (p < C.C1) than trhs z2lves on trzz<-
mznt L; the difference between treatments H zrd HT was signifizzrt
zt “he 10% level. Considering only the last *+wec psricds, differsrnzes

r 3,B, intakes, significant at the 3% level, w==srs in the ordsr

He

HE >ZT > L. The difference between diets H and ZT car be attriz.zed
tc z ccnsistently lower-than-intended fat ccntsnt in the tal low-
svpplemented milk diet. The low mean G.E., and 7 intakes on treztment
H, rzriod 1, resulted frcm calves HZ and H3 refuzing their daily
ration on one of their respective five-day balan-e periods - this

ccinciding with observed scouring by these calvez,

Whereas the tallow-fed calves received 9% more energy frem dietary
fzt than calves on treatments L and H, they received 3 less energy in

the form of protein (tabie 6); lactose was assumed tc contribute the



TABLE 6

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 : % G.E. Intake % Total d.m. | % G.BE. Intake
Commencement Intake P?iiiﬁ? Derived from Bu;zizizt gailiw Intake as Derived from
Treatment | Period of Period B.M.P. Protein * : s Fat Fat ¥¥
(kg) (g/kg/d) (g/ke/d) % (g/ke/d) | (g/ks/d) (%) (%)
1 44.27 22.08 7.08 29.3 2.02 = 9.18 ; 16.0
L 2 49.29 20.34 6.3%6 28.5 1.80 = 8.8% 16.6
3 54 .20 19.25 6.07 28.6 1.71 = 8.90 16.8
1 37.49 24.78 7.94 30.0 2.14 = 8.65 16.5
H 2 42 .90 24.75 7.78 28.6 2.15 = 8.69 16.%
3 49.80 26.35 7.47 28.4 2310 = 8.86 16.9
1 41.90 20.15 6.46 25.6 1.76 1.37 12.80 25.9
HT P 46.80 19.99 6.30 25.5 1.70 1.37 13%.05 26.1
3 50.00 19.77 6.27 26.2 1.76 1.10 12.01 24.5

¥ 4.27 kcals/gm milk protein

¥¥ (8.79 kcals/gm butterfat
9.44 kcals/gm tallow

el




TABLE 7

Mean Coefficients of the Percentage Apparent Digest-
ibility of Cxrude Protein, Ether Ixtract, Dry Matter

and Gross Energy.

-

Treatment Period S.BE.
Period - Mean of
L H HT Means )
CRUDE PROTEIN
1 90.2 | 87.0| 90.3% 89.2
2 89.2 | 93.6 | 90.9 90.9
5 92.5 94.0 93.% 93.2
Treatment Mean 90.6 | 91.5| 91.2 ¥o.9
Significant Effect Treatments N.S. Periods — 1< 3
ETHER EXTRACT
1 92.8 | 89.1 93.2 91.7
2 91.8 95.5 94.4 93.9
5 95.0 94.9 95.0 95.0
Treatment Mesn 93.2 | 93.2| 94.2 ¥o.6
L_Significant Effect Treatments N.S. Periods - 1< 3
DRY MATTER
1 95.0 | 93.3| 95.0 94.0
2 93.8 | 96.4 95.2 95.1
5. 95.5 95.9 96.0 95.8
Treatment Mean 94.8 | 95.2| 95.4 *o.2
Significant Effect Treatments N.S. Periods - N.S.
GROSS ENERGY
1 94.5 92.7 94.1 93.8
2 95.1 96.3 94.4 95.3
5 95.5 96.2 95.4 SN
Treatment Mean 95.1 95.1 94.6 0.6
Significant Effect Treatments N.S. Periods - 12 3
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Wholemilk

A.

B. B.M.P. plus Tallow

(A) Wholemitk and
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PLATE 1., Photomicrographs of Fat Globules

plus Tallow.
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(B) Reconstituted B.
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Fat globule size

Microscopic measurements of the fat globules in the homo-
genised tallow diet showed that they were mainly in the range
1 to 7 p diameter, with very few being greater than 10 .
Although it was not possible to distinguish betweern tallow and
milk fat it is probakle that the larger fat globules were of
tallow origin as prepared slides of B.l.P. showed that the milk —
fat globules ranged in size frcm 0.5 to 4.0}1 diameter. Photo-
graphs of the prepared tallow diet and of fat in whole milk are
showmn in plate 1, a and b, Whole milk was used in this compari-
son since it is widely accepted that this is probably the ideal

diet for young calves.,

Digestibility

The coefficientsof apparently digested crude protein, ether
extract, dry matter and gross energy presented in table 7 show
no significant differences between treatments (p > 0.05), although
the digestibility of the fat, the protein and the energy increased
significantly with increasing age (viz. as liveweight and plane of

nutrition incressed) (p < 0.05).

Nitrogen Balance

Table 8 summarises the mean values of nitrogen intake, faecal
and urinary nitrogen losses, and the apparent daily nitrogen
retention, all of which are illustrated in figure 4. Expressed as
g/kgo'75/day, the calves fed the high level of B.M.P. had a signi-
ficantly greater intake of nitrogen (N) than those fed the low
level of B.M.P., which in turn had a greater intake (p < 0.01) than

the tal low-f'ed calves. However, analysis of the last two periods

" showed that the N intakes on treatments L and HT were similar, but

statistically less than on treatment H (p < 0.,01). Although the



NITRCGEN BALANCE: Mean Data of Three Observatiors/Treatment (g/kg”°'”/day); Mean Percentage of
Digested Nitrogen Retained; Nitrogen Retained/kcal M.E. Intake; and Ratio of
Digested Nitrogen Retained/kcal M.E. Intake.

Period 1 Period 2 Period 3 Mean %;g;&_ Significance of Result
Measurerent o e
L H HT | L H HT 0 H HT L B BT | PP b pietr | Periog) IS
foon Action.
L
Nitrogen Intake |2,70 | 2.83 | 2.45| 2.44 | 2.86| 2.39 246 | 285§ 245 2.53 1 2.84 1 2.43 iO.Ob. H>HT=L{ N.S. | K.S.
Fw
Ly ) 2.85 2.42 i0.0L HH> HT=L NiiSis Nadts
+ e ¥
Faecal Nitrogen 0.26 0.36 0.24 0.26 019 0.24 0:18 017 0.16 0.2, a2 ©.25 -0.0C4. N.S. 1>3 N.S.

LA

A

Urinary Nitrogen [0.96 | 1.24 | 1.06| 1.24| 1.49 | 1.1 el MRS 148 § 143§ 1.4 to.08 | puT=L Y
&%k

1,29 | 1.52 | 1.18 | 0.07 | m>uT=L | N.S5. | N.S.

™”

e *h

] *
Retained Nitrogen| 1.48 1123 1.4 | 0.93 1.18 1405 0.93 dpeili2 1.04 ge12 | 14718 1.07 t0.05 H>ET=L | 1>2=3 &
e

0.93 | 1.15 ¢ 1.04 | Zo.o4 | BeHT>L § X.8. { N.S.

% Digested Nitro-| 60.9 | 49.6| 51.6| 42.9| 4k.3| 48.2 | 41.9 ] L6.0 48.3 | 45.2 1 L48.6 $3.10 N.S. 1>2=§ e

gen Intake . +

Retained L2.0 | 43.1 1 47.4 -2.2) M8 N.S. | N.S.
Nitrcgen Retain= .

ed/kcal M.E Intekd 6.6 | 5.47 [ 5.05| 4.56 | 5.05| L.53 | 4.50 | 468 | 4.62 5.22 | 5.07 | 4.74 -0.22 N.S. N.S. | K.S.
(= 1€ =)) .

& X
% Digested Nitro-|{ 0.27 | 0.22 | 0.23| 0.21 0.18 | 0.21 0.19 | 017 | 0.24 0.22 | 0.19 | 0.23 .01 | HT BE >2=3 | N.S.
gen Retained/kcal . o
M.E. Intake 0,20 1. 010 | U253 -0.01 HT>I>H N.S. N.S.

¥ Analysis of Variance for Perieds 2 and 3

Lt
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3.4 (cont'd)
daily faecal N excfetion_Of all calves decreased with increasing
age (p < 0.05), there was no apparent differcnce between treatments.
Animals receiving the higher N in%ake, viz. treatment H, had a
greater urinary N excretion than those on the lower N intake
(p < 0.1), and in all three treatments urinary N was greater in
period 3 than in period 1 (p < 0.01), With respect to nitrogen re-
tention, there were treatment differences in the order H HT = L
(p < 0.05), and significantly more N was retained in period 1 than
in the other two periocds (p < 0.01). Analysis of the final two
periods showed significant differences in retained N of the order

H>HT >L (p< 0.05).

Because the N intake diff'ered between treatments, an analysis
was carried out to test for a difference in the percentage of
digested nitrogen retained. Although the percentage retained was
greatest by the tallow-fed calves during the latter two periods,

this difference did not reach significant proportions (¢ > 001).

The very high apparent mean nitrogen retention in period 1 by
the calves on treatment L is attributable to the low nitrogen content
in the excreted urine of the calf L3, Since the percentage of nit- '
rogen in this urine sample was about half that of all other urinary
samples, the author has some doubt about the validity of this mean
value, and the subsequent analysis of retained nitrogen based on all

three periods,

There was no difference between treatments in the ratio of N
retained : M.E. intake (p > 0.1), but there wes a highly significant
decline in the ratio from period 1 tc period 2 (p.< 0.01). Of
greater intercet though is the significantly greater ratio of apparently

digested nitrogen retained : M.E. intake in perioés 2 and 3 of the

order HT > L > H (p< 0.01).
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Erergy Balance

Themeans of GOE: intake, faecsl and urinary energy losses, heat
production, and estimated energy retertion are presented in table 9
and shown graphically in figure 5. The G.E. intake data have been
discussed in section 3.3.1. There were no significant differences in
faecal energy or heat losses between treatments (p > 0.10), but calves
on treatment H lost significantly more energy via their urine than did
the other animals (p < 0.05) - this being associated with the greater
urinary nitroger excretion by these animals. The coefficient of
correlation between the pooled urinary energy and urinary nitrogen
data was found to be +0.77, and the prediction equation from regression

analysis to be:

UE = 9c45 UN + 0.24
where: Ug = urinary energy (kecals)
Uy = urinary nitrogen (g)

There were no significant trends in the amount of energy retained
based on the analysis of variance of all three periods (p > 0.1), but
analysis of the last two periods showed that calves fed the two high
energy diets retained more energy than did those on the low energy
diet (p< 0.01). Similarly, only in the analysis of the last two per-
iods was there any significant difference in the ratio of energy
retained : M.E. intake where the ratio was sigrificantly greater for

groups H and HT than for group L (p< 0.05). This ratio did not change

with increasing age.

The total energy retained was partitioned into that retained as
protein and that retained as fat using a value 5.7 kcals/g of pro-
tein (N x 6.25) stored (Brouwer, 1965); energy retained as fat was
estimated by difference from total erergy retained. These data,and
the ratios of energy retained as fat : energy retained as protein , are

summarised in table 10, Calves on treatment H deposited a greater per-



ENERGY BALANCE:

Mean Data of Three Observations/Treatment (kcals/kgp°75/day);
Digested and Apparently Metabolised Energy Retained.

Mean Percentages of Apparently

PERIOD 1 PERIOD 2 PERIOD MEAN TS°E% SIGNIFICANCE OF RESULT
MEASUREMENT g geee
L H HT L H HT i H HT T E HT ment | pigt  |Perios |TRVELT
| Mean setinn
Gross Energy 246.2 | 255.1 | 251.8 | 228.5 |266.6 |252.8 | 229.1 | 264.11250.4 |2%4.6|261.9 | 251.7 | 4.0 | 5=mr>1| w.s.| ¥.s.
HeH¥
Hiates £ l228.8]265.3|251.6 | *2.3 | B=g7>1| N.S.| N.S.
ne H
Faecel Energy 12.7] 18.4 | 15.2] 12.9] 9.8| 14.2 9.2 9.9] 11.6 | 11.9| 12.7] 13.5| *2.2 N.S. | 1>3 | m.s.
Loss 117.0] 9.9 12.91 *2.1 ¥.s. | wm.s.| w.s.
A1 -
Urinary Energy 8.7 12.5) 11.0] 11.6] 15.9] 10.7]| 12.2| 14.6] 11.2 | 10.9| 14.3| 41.0| F0.6 | murt | w.s.| m.s.
Loss 11.9 | 15.2 | 11.0| Fo.6 N.s. | x%.s.| w.s.
Xk
Metabolisable | 224.7|224.2 | 225.7| 204.0 | 240.8 [227.9 | 207.6| 239.6| 227.6 | 212.1| 234.9 | 227.0 | %3.2 | B=wr> 1| u.s.| m.s.
Energy dntake 205.8 | 240.2 1 227.7 | *1.45| mur>1i| w.s.| m.s.
Heat Produced | 152.9|147.0]153.4 | 145.6 | 160.3 | 154.7 | 151.7| 154.1| 155.4 | 150.0| 153.8 | 154.5 | £3.6 ¥.s. | w.s.| N.s.
148.6 | 157.2 | 156.0 | 4.5 N.S. N.S.| *
Energy Retained| 71.8| 77.3| 72.3| 58.5{ 80.5| 73.2| 55.9] 85.5| 72.2 | 62.1| 81.1| 72.6| 5.7 N.S. | N.s.| w.s.
s7.81 83.01 weaqll 229 =mz>1] §.s.| m.s.
% Apparently 30.71 32.11 %0.5} 27.17}) 22.1|| %0.6] 25.3} 323.3| %0.2 | 27.71 %2.3] %0.4| Z1.8 N.s. | N.s.| m.s.
Digested Energy . )
Retained 26.2| 32.4| %0.8| ¥1.7 | E=gr>1| w.s.| m.s.
% Apparently 32.0| 33.9( 31.9| 27.4| 31.8| 32.1| 26.5| 35.7| 31.6 | 28.8| 33.8| 31.9| 1.9 v.s. | wm.s.] N.s.
Metabolised ey
Energy Retained 27.2| 2%3.71 21.9| ¥z.4'| m=mwr>1] W.s.| ¥.s.

% Analysis of variance based on periods 2 and 3
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TABLE 10

The Partition of Retained Energy as Protein and Fat (kcals/kgo'75/day); the Ratio of Energy Retained

as Fat: Energy Retained as Protein;

as Protein.

and Percentage of the Total Energy Retained which was

Retained

Period 1 Period 2 Period 3 Mean S.E. | Significance of Result
Measurenent BB ,
X il T I H AT L H HT L H HT ment | piets |Periods| P¥T"
Mean_ action
. + W X*%

Protein Energy 52.72 | 43.81 | 40.61 | 3%3.13 | 42.03 | 36.69 | 33.13 | 39.89 | 37.04 | 39.66 | 41.91 | 38.11 | Z1.78 H>HT=L | 1>2=3 | N.S.

Retained/kg®* T° %* 133,13 40.96 | 37.01 [$1.42 |E>EST, | N.s | m.s.

Fat Energy 20.67| 37.14 | 29.91 | 23.14 | 37.36 | 35.20 | 24.78 | 45.63 | 35.14 | 22.86 | 40.04 | 33.23 | £5.21 N.S. N.S. | N.S.

Retained/kgo'75 22,96 | 41.69 | 35.22 | £3.85 H-HT> I N.S. | N.S.

¢

Fat Energy: 0.39| 0.86| 0.74| o0.70| 0.89| 0.96| 0.75| 1.14| 0.95! c.61] 0.99| o0.88 [%0.14 N.S. N.S. | N.s.

Protein Energy c.724] 1.00| 0.96 [%0.12 | w.s. N.s. | m.s.

% Energy Retained| 72.01| 51.10 | 64.90| 59.07| 53.53 | 52.43 | 57.29 | 46.65 | 51.33 | 62.79 | 50.45 | 56.22 | £4.35 N.S. N.S. | N.S.
as Protein

¥ Analysis of Variance for Periods 2 and

LG
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centage of the retained energy as fat (per kgo°?51iveweight) than
the calves on treatment L(p < 0.052: the percentage retained as
fat by the tallow-fed calves being between these two levels., There
was an apparent but non significant trend for the percentage of fat

deposited per day to increase with increasing age.

However, these results may be greetly exaggerated by the very
high apparent nitrogen retention in period 1, treatment L, and conse-
quently the age effect 1in particular, may have 1little biological

significance.

The relationships between energy retention and M.E. intake
(appendix 8), and energy retention and G.E. intake (appendix 9 - pooled
data only) were analysed by linear regression. As the difference be-
tween regressions of' energy retention on M.E. intake for each treat-
ment was non significant, the data was pooled and used to estimate, by
extrapolation to zero energy retention, the maintcnance energy
requirement (figure 6). The following equations were derived frcm

the pooled data of all twerty-sever energy balance experiments:

Y = 0.708 (< 0,09) X, -104.8
Y = 0.782 (¥ 0.09) Xx_ -103.7
2
where Y = energy retained (kcals/kgo’75/day)
= G.E. intake (kcals/kgo°75/day)
Xé = M.E. intake (kcals/kgo'75/day)

The estimated maintenance requirements being:

148.0 kcals G.E./kg°'75/aay

132.6 kecals M.E./kgo'75/aay
whick is equivalent to 53.5 kcals D.E./kg liveweight/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 used to derive the D.E. requirement from

the estimated M.E. value above,
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Skim Milk Powder Experiment

Several of the calves in this experjﬁent became emaciated and very
lethargic when fed the S.M.P. diets. Observaticne cn faecal characteristics
obtained during the short duration of this experiment,which reflect to a
large extent the poor health of thesec calves, are summarised in apperdix 2.
Analysis of Chi-Square confirmed the obtscivation that the calves fed the basal
S.M.P. diet suffered from very severe scouring, whereas those fed the tallow

supplement only had a faecal classification in the 'moist to 'very wet range.

As shown in table 5, the liveweight changes of the calves were very er-
ratic and,in the main,independent of the level of energy intake although the
tallow-fed calves did show a greater consistency in their growth rate - this

reflected the better health of these animals,

After ten days of feeding S.M.P., the health of four of *he nine celves
was such that it was thought prudent to terminate the experiment in order to
prevent calf mortalities. This decision was made on two counts: firstly, it
was found that roller-dried milk powder had been inadvertantly used instead
of spray-dried powder - the former having been reported to induce scouring
in young calves (Shillam et al., 1961; Mylrea, 1966; Lister, 1971 pers,ccmm. ) ;
and secondly, as the poor health developed prior to the commencement of the
balance periods, it was ccnsidered unlikely that sufficient useful data would
be obtained from these calves had the sccuring continued any longer. An attempt
.was made to continue the experiment using spray-dried milk powder, but after
five days feeding of this diet no reduction in scouring was apparent. This
experiment was therefore abandoned in its present form and a new lot of ani-
mals were procured for the experiment already described where B.M.,P. was used

as the basal diet,



Liveweights and Daily Liveweight Gains of Calves
Fed Skim Milk Powder

Calf Initial Weight | Final Weight | Change of Age Liveweight Ga‘n
(kg) (kg) (days) (kg/day)
Ls1 38.14 43.13% 10 0.50
LS2 5509 37.45 10 0.41
L33 43%.81 45.6% T 0.26
HS1 47.22 48.58 6 0.23
HS2 48.12 45.17 6 -0.49
HS? 33437 38.82 9 0.61
0TS 44.04 46.31 6 0.38
HTS2 44.09 47.22 6 0.45
HTS? 46.76 58.85 6 0.68
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CHAPTER FOUR

DISCUSSION

The results of this frial conclusively confirm the ameliorating effects
that supplementary non-milk fats have be;n shown to have on calves fed low-fat
milk diets, (Olson and Williams, 1959; Bush et al.,1963; Mathieu and Barre,
196)), since in the main experiment only one instance of scours was recorded
ageinst a tallow-fed calf, compared with twenty being recorded agzinst those
fed B.M.P. In the first experiment using S.M.P. the high incidence of scour-
ing in most calves, but particularly in those not receiving the fat supplement,
was almost certainly induced as a resulﬁ of the high heat treatment given the
milk during the roller-drying process (Shillam, et 21.,1960; Shillam, et al,,
1962a, b; Shillam and Roy, 1965a, b), Ever i1n the second trial it was
likely that the buttermilk weas subjected to excessive heating during the spray-
drying process - as indicated by the burnt lumps of powder observed in the
reconstituted milk - which would have caused some protein denaturation and
which consequently resulted in poorer gbomasal clot formation (lister, 1971).
However, when using either of these apparently low gquality milk powders beef
tallow was found to be highly beneficial in reducing calf scours. Whether its
mode of action was through the formation of soaps, which Cheng et al., (1949) have
suggested, removes the laxative dietary Mg++ and ca*™t ions, or whether it was
through some other action, such as imprecved clot formation, is not known. In
this experiment it is unlikely that the higher intake of lactose by calves on
treatments L and H caused the greater incidence of scouring as the calves on
the latter treatment, although having a greater intake of lactose per unit of
liveweight, did not void faeces of a significantly different dry matter content
to those voided by the calves on treatment L. Hence the slightly lower intake
of lactose by the tallow-fed calves relative to the other animals would not be
expected to have had any significant effect on the incidence of scouring.
Becauée the basal diets of the 3.M.P. and B.M.P. experiments differed in both

fat content and method of manufacture, it is not possible to attribute the reduced
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reduced incidence and severity of scouring in the B.M.,P. trial to any part-
icular cazuse or causes. However, as the increase from 8.€% to 12.7% mean
fat content between the.B.M.P. and B.M.P. plus tellow diets resulted in
significantly firmer faeces, it 1is reasonable to expecl that in changing
from S.M.P. (1% butterfat) to B.M.P. (8.6% butterfat) the higher level of
fat in the basal B.M.P. diet would have contributed towards the increased

faecal dry matter content found in this ezpsriment.

Although the faecal dry matter and subjective faecel consistency
classifications both showed significant differences between the high and
low fat diets, the coefficients digestibility of dry matter, crude pretein
and ether extract did not significantly differ; a finding which concurs
with the report of Roy et al., (1970b) who found that one group of calves
which had a significantly higher incidence of scouring then another group
did not significantly differ in their digestibility of either dry matter
or crude protein. These findings appear at first sight to be in conflict
with data presented by Roy (1970) which shows an approximately seven-fold
increase in excreted faecal dry matter, fat, crude protein and ash, and an
eighteen fold increase in faecal water by diarrhoeal calves compared to
healthy calves, However, because of the high animal variance within treat-
ments in the extent of digestion of dietary components, the difference be-
tween treatment means did not attain significance. Secondly, it is to be
remembered that although a faecal dry matter difference did exist between
the high and low fat dietary treatments, the inciderce of scouring during
any one treatment period was in no case recorded against all three calves
for the duration of the five-day balance period. Therefore any effects of
scouring which may have occurred during a collection period would have been
masked when the data for all calves was collated in the analyses of variance
of apparently digested dietary components, Decause of the high digestibility
of dietary fat in all three treatments it would appear that there was no
significant shortcoming in the method used to homogenise the tallow in tihe

milk diet; a conclusion also borne out by the fact that the fat globule
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size of the homogenised tallow was only slightly larger than that of fat

in whole milk, A contributing factor to the high coefficient of digest-
ibility of fat in treatment HT is that no digestibility data were collected
until the calves were at least seventegn days of age, by which time liwber

et al., (1961) have shown the activity of pancreatic lipase to be very nearly
maximal. However, the results of this trial confirm those of Raven and
Robinson (1964b) which showed an increasing fat digestibiliiy with increas-
ing age, thereby suggesting that although the activity of the enzyme may

have been maximized, the rate of synthesis and/or secretion continues to

increase up to at least five or six weeks of age in the milk-fed calf,

Al though the mean rate of liveweight gain reflected the mean intake of
M.E. by calves on each of the three treatments, no such relationship is
apparent for individual calves. In some instances severe scouring coincided
with poor growth rates but, in others, calves grew well even though they
passed very loose or diarrhoeal faeces; a finding also reported by Davey
(19622, b) with milk fed calves at pasture. There is also no good relation-
ship between the amount of energy retained per calf per day and the average
growth rate of the calf during the coinciding ten day period. This however
is not altogether surprising since the energy retention data were only
collected on two of the ten days within a period, although some relation-
ship could have been expected as retained energy must be in the form of

muscle, fat or bone.

Errors which may have significantly affected the calculated growth rate
during a period include: the weight of gut and bladder contents at the time
of weighing, and the amount of body water lost as a consequence of scouring
prior to the time of weighing. This latter cause is likely to have been of
greater significance since weight gains were calculated on the basis of the
averégg of two consecutive daily weighings at the end of each period, which
should have helped reduce any bias due to gut and bladder content. Sccuring

on the other hand, is associated with large losses of body water (Roy, 1970)
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which would not fluctuate to the same extent so long as scouring continued,
Arother factor contributing to the lack of significant treatment differences

in liveweight gain would’be that the planned levels of G.B. intake were too
close. This prohblem became partic larly apparent when calves on the high in-
take treatments refused some of the milk off'ered them, and the converse appear-
ed when calf L3 was inadvertently fed above its estimated food reeuirement,

0075)

These factors led to the almost similar mean G,E. intakes (per kg shiown
in the ernergy balance for period one. Secondly, because of the erratic live~
weight gains made by some calves, in scme instances related to the persistent

vo iding of loose faeces, the number of animals within each trestment was in-

sufficient tc counteract the high animal variability.

Since Brody (41945) has shown that the overall relationship betwecn the
metabelic processes within an animal are more closely related to an exponent
of liveweight (b) of less than 1.0, and because the derived exponent in this

0.75

experiment was more closely related to Kleiber's reccmmended value of W

100

(Kleiber, 1965) than to W , the author felt justified in reducing all bal-

ance data to the common base of WO°75 in order to reduce the between animal
variability associated with age and carcass composition which have a poorly
defined influence on the animal's metabolic activity. Gridgeman and Herocux
(41965), in comrenting on this matter, szid that within a species of animal tkre
erporent of liveweight can vary considerably owing tc increasing age and chang-
ing environmental factors and therefore only the exponent derived from a part-
icular experiment should be used in analysing the results. Holmes and Mount
(1967) found with pigs fed in direct proportion to their liveweight that the
rate of metabolic activity decreased as the animals increased in liveweight;

a finding which supports the observations of the previous authors. However
Kleiber (1967) has pointed out that owirg to the errors associated with animal
experiments, in order that a signifiicant difference may be attained between

b = 0,66 and b = 0,75 there musf be a nine-feld increase in liveweight. It is
on these grounds that he justifies the universal use of the value b = 0,75

which he has found best fits the interspecies data,

The advantage of collecting both energy halance and liveweight data can be
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each treatment,as highly significant differences were able to be obtained
for energy retained by the calves on treatment H and HT compared to those on
treatment L in the second and third periods. This result reficcted closely
the significant difféfences which e%;sted between the high and low G.f. in-
takes. That there ware no significant differences found in the efficiency

of utilization of M.Z. intake between treatments is understandable since

the difference in M.8. intake between treatments,as a percentage of the
total intake of Mo.B.,was so small and the standard crror of the individual
treatment regressions so large. On theoretical grounds Blaxter (1971) has
shown that dietary fat surplus to the maintenance energy requirement can he
more efficiently converted into adipose tissue than can protein and carbo-
hydrateyowing to the different metabolic pathways involved. It could there-
fore be expected that the tallow-fed calves,because their diet contained
more fat and less protein than the B.ll.P.-fed calves,would have had a higher
efficiency of utilization of H.E. In support of this conteation Walker and
Norton (1971) with young milk-fed lambe found"...a significantly linear de-
crease in the net efficiency of M.B. utilization as the protein content of
the diet decreased.", although Cooke, Lodge and Lewis (1972) failed "...to
demonstrate any significant interaction between dietary energy and protein

in terms of growth rate and food conversion efficiency..."

by pigs fed diets
of varying energy and protein content. The pooled data of all nine calves
showed that the l.Z. was used for growth with an efficiency of 78% which
agrees with the statément of Roy's (Roy,1970) that "...the net availability
of M.E. for growth is very similar to that for maintenance i.e. between 79.5/%
and 84%..." for calves fed a restricted intake of milk, but which is con-
siderably higher than the 685 efficiency found by van Bs et al.,(1969) who
used a similar type of diet fed at rear ad-libo levels to calves in the
liveweight range 50-150kg;and the 69,5 efficiency found by Walker and Norton
(1971) with milk-fed lambse As the calves in the present experiment were only
in the 33-66kg liveweight range, it would be expected that their efficiency
of utilization of M.E. for growth may have been greatei?izat of the heavier

calves used by van Es et al., since Blaxter et alo,(1966) have found with

young steers, and Graham (1967) with young sheep, that the efficiency of



There is at present a lack of agrecment as to whether the energy
requirement for maintenance is constant for all planes of nutrition, and
for diets of different composition fec a%t a standard level of intake rela-
tive to a unit of liveweight (e.g., Kortabinska and Keilanowski, 19€9;
Cortett, Langlands, McDonald and Pullar, 1966; Schicemann, 1969; Blaxter,
1971) . The probler arises when one tries to partition the available M.E.
into that required for maintenance and that required for growth, when in
fact there is only one all-cmbracing system within an animal and not separate
'compartment for meintenance and growth where energy is used with different
levels of efficiency. Notwithstanding these limitatiorns of interpretation
it is nonetheless interesting frcem a practical point of view to extrapolate
to zerc energy retention to estimate the maintenance energy reguirements of
the calf under the given set of conditions. In the present trial the esti-
mated requiremert of 54 kcals D.B./kg liveweight for a 60 kg calf was higher
than the values cited by van Es et _al., (1969) -42 kcals; Brisson et al.,
-45 kcals; Bryant et al., (1967) -48 kcals; and Blaxter and Wood (1951)
=52 kcals. However, considering that only a limited number of observationrs
were made, that experimental conditions differed, e.g., environment and the
breed and age of animal; and finally that the efficiency of utilisation of
M.®. in this trial was higher than that found by other workers, the agreement

of the present estimate with those listed above is reasonably good.

As the liveweight gains of individual calves within each period were so
erratic, no attempt was made to estimate the energy reguirement for liveweight

gain,

Cortrary to the work of Roy et al., (197Ca, b) which showed no differ-
ence in nitrogen retention between calves fed a skim milk diet supplemented
with -either 20% or 30% margarine, calves fed a 3-4% tallow supplement in the
present trial retained more nitrogen than those calves fed an iso-nitrogerous
diet containing less energy (viz. treatment L). Since the calves fed the high

intake of protein retained significantly more nitrogen than did either of the



other two groups, it would appear that the maximum potential for protein
deposition by these latter two groups had not been attained and was there-
fore not a limiting facto? to the retention of nitrogen by these animals,
Secondly, as the intake of protein by al: calves was approximately twice the
minimum protein requirement recommended by the A.R.C. (1965), although only
slightly higher than Roy's estimated requirements (Roy, 1970), it would seem
that the amount of dietary protein consumed would have been adequate to
support the liveweight gains aimed for in this experiment. Thus it may be
assumed that energy was the main factor limiting increased nitrogen retent-

ion by the calves on treatment L.

In order to investigate the hypothesis "that supplementary tallow acts
as a protein sparing substrate when fed with a low-fat basal milk diet";
where the intake of nitrogen between treatments is different, it is necessary
to look at the ratio of nitrogen retained : digested nitrogen intake. In bocth
the present trial and that reported by Roy et al., (1970b) the ratio was
greater, although not significantly so (p > 0.1) in the present trial, with
animals fed the fat supplement; thus lending support to the proposed hypo-
thesis., TFurther supporting evidence is found when the above ratio is.expressed
in terms of unit M.E. intake (see Table 8) where, during the second and third
periods, the tallow fed calves retained significantly more digested nitrogen/
kcal M.E. intake than the calves on treatments L and H which were fed a diet
composed of a higher protein : calorie ratic, But because butterfat in whole
milk, which is found in a concentration greater than the total fat content
found in the present trial, has been shown to promote a greater efficiency
of utilisation of digested nitrogen by calves (Raven and Robinson, 196Lb)
than found with the use of tallow in this study, it would appear that the
tallow has not been as efficiently used as butterfat to reduce inefficient
protein catabolism, Thus it would appear that there is some inhibitory fact-
or liﬁiting the utilisation or availability of tallow. Two possible reascns

are discussed below,
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Since the fatty acid composition of tallow is markedly different
to that of milk fat (Hilditch, 1956) it is possible that this may detri-
mentally affect the availability of energy from tallow compared with milk
fat., If this is so then the limitatiog is most likely to occur prior to
the absorption of the fatty acids into the circulatory system as Garton
(1967), in a review of the incorporation of plasma fatty acids in to
adipose tissue, has emphasised the constant fiux of fatty acids between
the plasma and adipose tissue. This would indicate therefore that any
fats once within the metabolic system can be readily drawn on if the ani-
mals energy requirements so demand. As no absorpticn of medium and long
chain fatty acids is known to occur aéross the abomasal wall, any limit-
ation on the availability of these dietary components would therefore
need to be expressed as either a differential rate of absorption of differ-
ent structural or molecular weight fatty acids through the wall of the

small intestine or, a differential rate of release of these acids from the

abomasal milk clot - a factor which has not yet been investigated.

The second suggested reason which could account for the apparently
poor protein sparing effect of tallow (an effect which could equally well
apply to milk fat) is related to Mylrea's observations (Mylrea, 1966b)
on the differential rate of release of protein and fat from the abomasal
milk clot, It is suggested that the more readily released protein has
been largely absorbed and metabolised before a significant proportion of
the fat has been released into the small intestine, and hence its energy
contribution has come too late to spare unnecessary pfotein degradation to
meet the animal's energy demands. This theory does not however take into
account the availability of body fat reserves to meet short term energy
deficiencies, but it could be debated that there is in fact no energy
deficiency so long as the plasma protein levels are high. If the differ-
ential rate of release of the dietary components is the limiting factor,
then it would seem that the only way to improve nitrogen retention through

the use of an energy supplement would be to use a more readily available
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energy component such as lactose which Mylrea has shown to be rapidly
released from the abomasum. But as shown by Bush et al., (1962) and
Mylrea (1966c), high concentrations of dietary carbohydrate are correl-

ated with a high incidence of scouring and hence lactose at least would

obviously be unsuitable as an encrgy supplement,

Tc date much of the work on the use of supplementary fats for milk
diets has been conducted with fats of non--milk origin. Therefore little
is known of the capability of very short chain fatty acids, .such as those
found in cow's milk, to reduce protein catabolism in the milk-~fed animal.
Although in the short term this information would be of no economic inter-
est, a further experiment similar to that already described in this thesis
using butterfat in the place of tallow could help identify the limiting
factor in the inefficient utilisation of supplementary animal and vegetable

fats .

The results of this trial concur with the findings reported by Mathieu
and Barre (196L), Roy et al., (1970a, b) and Cook et al., (1972) that increased
levels of dietary fat bring about an increased retention of fat in the tis-
sues, although it is re-iterated that no carcass measurements were made in
this trial. But, whereas Cook et _al., (loc. cit.) observed that ",....energy
and protein in the diet act independently in their effect on the important
production parameters.", the conclusion to be drawn from this trial is that

supplementary tallow does improve slightly the efficiency of nitrogen

retention, but also increases the apparent fat deposition in the carcass.
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APPENDIX 1

CAICULATION OF HEAT PRODUCTION IROM RAW CALORIMETRIC DATA

-

Calf: 50
Date: 29/5/71

Atmospheric pressure 766 mm urinary nitrogen(g)15.9/day
Cooler temperature 5.OOC

Meter-room temperature 29.500

Air-flow rate 32,96 1/min

Calorimeter volume 2200 litres

Oo flux in calorimeter between start and finish of
measurement + 0.3 divisions

002 flux in calorimeter between start and finish of
measurement + 3.6 divisions

Average number of chart divisions between incoming
and outgoing 0, 5%.1 divisions

Average number of chart divisions between incoming
and outgoing COp 51.2 divisions

Composition of reference gases

co, 0,
Bottle A 0.988% 20.339%
Bottle B 0.972% 19.842%

Chart readings of reference gases (divisions)

COp 0o
Bottle A 67.1 63%.0
Bottle B 66.0 40.0
Purge 20.0

i.e. 23 divisions & 0.497% 0o

o . . — . .
Assume 1°C rise in cooler temperature = 1 mm rise in water vapour pressure



FLOW_RATE

B 273 [66 - 5
flow rate = (32.96 + 1) x (273 i 29.5) ¥ [ 750 )
= 3%0.7 1/min

VOLUME OF OXYGEN CONSUMED

ivigi : = 0.497 . 1.
1 division on chart e T 53
= 0.022% 02
»« 53.1 divisions = 1.168% 0,
volume of O, consumed = (1.168 x 30.7) = 100

= 0.358 i/min

= 510.749 1/day
0.022

100

= 1.452 1

512.2 1 /day

0o correction factor

0.3 x 2200

corrected Op consumption

VOLUM: OF CARBON BIOXIDE PRODUCED

gas bottle A minus purge = 47.71 divisions

Enter the CO, calibration chart on the 0.988% CO, 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 51.2 div-
icions with this line, read off 1.09% CO2 on the horizontal scale.

109 + 30.7 x 1440

volume of COo consumed

100
= 481.867 1/day
. 0.1
002 corrective factor = 2200 x 700
= 2.21
Corrected COp2 production = 484.1 1/day

DAILY HEAT PRODUCTION

Hp 3.866 x Op + 1.2 x COp = 1.431 x N

(3.866 x 512.2)+ 0.2 x 484.1)- 6.4%1 x 15.9)
25%7.8 kcals/day

]

]




CHART DIVISIONS

70

50

reference gas 0.988% CO2

calibrated 20/T7/T1

I calibrated 12/11/70

N A

0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1,55
PERCENTAGE CO2 AIR OUT

Appendix Fig. 1 : Calibration chart for determination of percentage CO; in expired air.



APPENDIX 2

ANATYSIS OF CHI-SQUARE OF THE CLASSTFICATION OF FAECAL CONSISTENCY

(2a) Buttermilk Powder Experiment

Treatment Scours | No Scours Total
L i 109 120
B 9 111 ' 120
HI 1 119 120
Total 21 339 360
Observed Expected X2

11 7.0 2.28

9 7.0 0.57

1 7.0 5.14

799

(b) Skimmilk Powder Experiment

Treatment Scours No Scours Total
L 4 7 M
H 9 5 14
HT 0 13 13
Total 5 25 38
Observed Expected x2
4 SIS 0.18
9 4.76 5.77
0 4.42 4.42
8.21
Footnote: No scours = faecal classification O to 3%
Scours = faecal classification 4 and 5
1% level of probability @ 2 d.f. p = 9.21
2% level of probability @ 2 d.f. p = 7.82



APPENDIX 3%

ANALYSIS OF COVARVANCE OF LIVEWEIGHT GAINS

Souxrce drrr, Sox SPxy SSy GERE 'SSy ! M./S', T
Total 47 | 982.76 | 952.14 | 35%8.90 46 26%6.42
Treatments 2 47.26 29.44 53 .50
Error 45 | 93%.50 | 922.70 | 3525.60 44 2613.57 | 58.07
Treatment +
Error g 22.85 | 11.42 [<1
b = 0.988
Deviation M.S. = 58.07
MEAN LIVEWEIGHTS ¥RCHM TABLE 5 CORRECTFD RY COVARTANCE
- A A A A
Treatment X, 2 1, Ty Y, L.W.gain/day
L 39.67 41.19 45.95 52.27 58.67 0.57
H 5790 41.29 47.19 54.04 61.97 0.7%
HT 40.22 42.12 46.64 55192 60.49 0.61




APPENDIX 4

ANALYSIS OF REGRESSION OF LOG HEAT PRODUCTION ON I.OG LIVEWEIGHT

y = log Heat Production (kcals/day)
x = log Liveweight (kg)
X = 1.7227 Y = 3.4743
antileg, X = 52.79 antilog. y = 2983.0
ssx = 0.0753 SSy = 0.0678 SPxy = 0.0642
b = 0.8519 S.E., = < 0.081 bSPxy = 0.0547
Test for significance of b
Source (6055 28 SkIS; M.S. F Result
lin. reg. 1 0.0547 0.0541 | 109.4 e
error 25 0.013%1 0.0005
total 26 0.0678

A
y = 0.852 X + 2,0067




ANALYSIS OI' REGRESSION OF ENERGY

APPEND(X 5

RETAINED ON METABOLISABLE ENERGY INTAKE

y
X

ener

energy retained

gy intake

(a) Treatment L

X = 212.13%
y = 62.10
SSx = 838.%2 SSy = 648.96 SPxy = 580.63
b = 0.6926 S.E. + 0.205 bSPxy 402.16
Test for significance of b
Source e S.S5. M.S. F Result
lin.reg. 1 402.16 402.16 11.41 * *
error 7 246.80 35.26
total 8 648.96
A
y = 0.69%3 X - 84.82
(b) Treatment H
X = 23%4.88
y = 81.11
SSx = 2090.00 SSy = 203%9.02 SPxy = 1645.77
b = 0.7882 S.E.py = +0.225 bSPxy = 1297.18
Test for significance of b
Source d.f. S.S5. M.S. F Result
lin.reg. 1 1297.18 1297.18 12.24 * ¥
error 7 741.84 105.98
total 8 20%9.02
A
y = 0.788 X - 104.02
(¢) Treatment HT
X = 227.06
y = T2.57
SSx = 678.85 SSy = 655.10 SPxy = 504.79
b 0.7436 S.E.p, = 1 0.243 bSPxy = '375.37



Treatment 1P (conttd)

Test for significance of b

by

Souxce GyorLe Sk M.S5. Ir esult
lin. reg. 1 375.37 27557 9.729 ot
error 7 279.7% %9.96
total 8 655.10

A N

y = 0.74% X = 96.26

(@) Test for sipgnificance of dif{ferences between regressions

Source a.f. Sx spxy | sSsy sey! | a.f.|'™M.8'| F |Result
A Treatmert L 8 | 838.32| 580.63| 648.96| 246.80| 7
B Treatinent H 8 [2090.00 | 1645.77| 20%9.02 | 741.84 7
C Treatment HP| 8| 678.85| 504.79| 655.10| 279.74
Deviation {from
individual 1268.3%8 21 60.40
regressions
(A+B+¢C) 24 | 3607.17| 27%1.19| 3343.08|1275.14| 23
Diffexrence
between GG = | 3. 78 k= 0 (feas
regressions
(e) Pooled data of all three treatments
X = 224.69
y = T71.93
SSx = 6010.22 SSy = 4975.61 SPxy = 4698.20
b = 0.7817 S.B.y = + 0.093% bSPxy = 3672.66
' ‘Test for significance of b
Source a.f Sech M.S. F Result
lin. reg. 1 3672.66 3672.66 | T0.46 *RH
error 25 1%02.95 5z.12
total 26 4975.61

A
y = 0.782 X - 103.71



APPENDTY 6

ARATYSIS OF REGRESSTON OF BHRRGY RETAINED OW GROSS THELGY INTAKE

Yy = energy retained
x = energy intake
Data pooled for all three treatments
X = 249.14
¥ o= 71.93
SSx = 70%5.00 Ssy = 4975.61 SPxy = 4980.70
b = 0.7080 S.E.;, = T 0.090 bSPxy = 3526.28
Test for significance of b
Source Oherfye SralSte - M.8. F Result
lin, reg. 1 3526.28 3526.28 | 60.83% KHH
error 25 1449.55 5797
Ltotel 26 4975.61

A = 0.708 X - 104.8



	10001
	10002
	10003
	10004
	10005
	10006
	10007
	10008
	10009
	10010
	10011
	10012
	10013
	10014
	10015
	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	10076
	10077
	10078
	10079
	10080
	10081
	10082
	10083
	10084
	10085
	10086
	10087
	10088
	10089

