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INTRODUCT ION

The mortality rate of young calves in Great

Britain is extremely high. A study of 335 herds in
sngland and Wales (Lovell & Hill, 1940) has shown

that 6% of female calves die before reaching six
months of age. In 3cotland the figure may rise to as
high as 22% (Jordon, 1933), although a more recent
survey in the Dumfriesshire area places the mortality
“rate at 7% (Hector & Rowat, 1948). Reports from
India (Minett, 1946), New Zealand (Ward, 1945) and
America (Atkeson, 193]; ingels & Gannon, 193%6; Weaver,
Horwood & Smiley, 1949) all indicate that a comparable
;and, indeed sometimes & much higher loss of life takes
- place in these parts of the world. These figures
refer only to mortality rates. The morbidity rates
must be considerably higher.

Bacterial diseases are cited by most workers
as the primary cause of the mortality and only rarely
is malnutrition cited as a direct or indirect cause.
That faulty nutrition of the young calf plays an
important role in mortality is shown however, both
from laboratory studies and from recorded field cases
of deficiency diseszses in calves. Thus vitemin A
‘deficiency of the calf results in blindness, failure to
grow, pneumonia and finslly death. In experimental
‘studies, vitamin & deficiency results in muscular
‘dystrophy followed by prostration and eventually death
(Blaxter, Watts & Wood, 1951), On the other hand,
if the heart is affected in this disease sudden death
~occurs with little sign of clinical abnormality.
Similar signs and deaths have been reported in practice
(Vawter & Records, 1947; 3tamp & Blaxter, 1951).
Phillips, Iundquist & Boyer (1941) have claimed thet
calf mortality from scours and pneumonia can be reduced
by feeding large doses of vitamins A, D, thiamin,
‘riboflavin, nicotinic acid, pantothenic acid and
choline to calves from birth to four weeks of age. A
similar experiment (Worton, Laton, ILoosli & Spielman,
1946), however, did not confirm these results. This



fmore recent experiment was carried out with animals
from a well managed university herd, and the results
may indicate that, although these vitamin deficiencies
‘do not occur in animals treated well, they may do so
in calves maintained under poorer conditions. 0f the |
‘minor nminersl deficiencies which occur, calves may die
from copper pining (Jamieson & Allcroft, 1950) and
‘magnesium tetany (Duncan, Huffmen & Robinson, 1935).
ELittle is known regarding other minerals, though
zArchlbald Kucinsky, Brook & Greeman (1938) have
found a nutritional anaemia in practice which reSponded

§to iron treatment.

§ Of the nutritional deficiencies which occur
/in farm animals, it is well known that by far the most
%economically important and widespread are the deficiencies
;of protein and energy. Such deficiencies do not |

‘result in the spectacular series of signs which
gaccompany minor element and vitamin deficiencies, but
éthey are associated with a slow decline in vigour,
%possibly rendering the animal more susceptible to
%bacterial infection. Despite their considerable
;importance, the deficisncies of protein and energy are
Enot widely recognised, in fact as far as the young calf
i1s concerned, little is known regarding even its requlmy
‘ment for these nutrients. The excellent early work

of Soxhlet (1878) and of Fingerling (1908, 1912) has |
;been used as the basis for the computation of protein

éand energy requirements of the calf by a number of
‘workers during the last 50 years, often with widely |
‘divergent results. Armsby (1917) sums up the

position excellently.."..there has been a persisteat |
tendency to substitute for the study of the principles§
of nutrition a series of exercises in applied arithmetﬁe".

To remedy this deficiency in our knowledge, é
eXperiments on protein and energy metabolism were ;
gcarried out with calves, and the results are embodied f
‘in this thesis. |
i The word protein was derived from the Greek
é'proteios' meaning, 'of primery importence' by Mulder
j(1839) after a consideration of the experiments of



Magendie (1816) who showed that dogs which were given
only nitrogen free foods such as olive oil, sugar or
butter, died in a month or less. He found that death
could be prevented by feeding protein containing g
substances (or as he termed it - "agotised" foods). ’

Boussingault (1857), Prout (1855) and Iiebig (1843%)
~each considered protein as the single principle in

nutrition, thereby relegating all other nutrients to

' minor roles. The present understanding of the

érelationships be tween protein, fat and carbohydrate ani
. of the individuality of the proteins is based on the

gand of his contemporary, PIfliger. In the light of

inspired work of Carl Voit and his students (Rubner,
Atwater, MHller, B., Voit, Cremer, Iusk and Cathcart)

j

fmodern knowledge protein nutrition is now known to be

- micro-flora in its rumen and so it is comparatively
; independent of an external source of amino-acids

' provided it is supplied with minerals, roughage, &
§ source of nitrogen and those vitamins which it, or its%
- micro-flora cannot synthesise. As early as 1891
: Zuntz and Hagemenn put forward the hypothesis that
- micro-organisms of the rumen might synthesise protein %

amino-acid nutrition. The classical work of OSbornef
- and Mendel and of Rose has shown that certain of the |
- amino-acids are 'essential' - that is they cannot be
 synthesised in the body, whereas others are 'non-

| essential', or can be synthesised from other amino-
acids in the body.

The adult ruminant has & considerable synthesi#hg

1

1

; from non-protein nitrogenous compounds, and that :
 subsequently this bacterial protein might be digested |
and utilised by the host animal. Experiments leading
o the proof of this theory have been reviewed by Krebs

(1937) and by McNaught & Smith (1947). Before the

" rumen of a young calf develops, however, the animal i@

~ rather unusual. By species it is a ruminant but it&

. rumen is not functional and digestion takes place in ;

- & manner similer to that in simple stomached animals
 such as the dog, rat or man. During this pre—ruminaht
 stage, the young calf should be just as dependent on



‘an external source of amino-acids es are these animals.

The problems dealt with in this thesis then,
are divisible into two categories; firstly, those
concerned with the requirement of the cealf for nitrogen
for a particular function and secondiy, the demonqtratién
iof the differences in the nutritive value between
‘proteins to meet these requirements. Basic
informetion on the nitrogen metabolism of the calf,

‘such as the endogenous losses and the losses during
fstarvation are not known however, and were therefore
characterised before the main problems were undertaeken.
‘The technique used throughout this study wes that of
‘nitrogen balance using simplified diets.

: In Part I, details are given of the calves used
iand of their experimental treatment. The methods of
%chemical analysis are also outlined.

Part II is concerned with the nitrogen
%metabolism of the calf. To characterise its basic
imetabolism.the first experiments describe losses which
foccur during total stervation and during specific |
%protein starvation. From these experiments, an
‘estimate of the maintenance requirements of the calf
for total calories and for protein is made. The next
‘experiment is concerned with factors which affect the
fdetermination of the quality of a protein. Some
‘results of this experiment were confirmed using whole
milk as the diet.  The results of these two |
ﬁexperiments indicated that whole milk was deficient in
ftotal calories compared with protein calories. |

i

EConsequently, an experiment was carried out using
?gelatinised starch as a supplement to whole milk.
Taking into consideration the knowledge and experience !
%acquired in the previous experiments, the last !
?experiment which is included here, is concerned with

fthe demonstration of the difference in nutritive value

‘between gelatin, casein and the proteins of dried skim%
‘milk.  The final section comperes date obtained in
‘all these experiments. After & discussion of the
‘digestibility of the diets and of the urinary excretion

of nitrogen contained in various fractions, an estimatd
~of the protein requirement of the calf is calculated.




PART T - LIGTHODS

A. GENIReL TREATUENT OF ANIMALS WITH SPuCIsl
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1. Animals

Ayrshire bull calves were used in these !
experiments. hen possible the animals were f
obtained from the Hannah Dagiry Research Inatitute farm
. or adgacent farms; otherwise they were chosen from
Ayr Gattle Merket where they were selected for brlght..
:ness and freedom from apparent abnormality. ;

2. Housing

. Calves were housed in heated rooms, in which %
? the thermostats were set at 65°F.  Meximum and |
" minimum temperatures were recorded daily and these
showed that maximum gradients of 10°F over 24 hours
occurred.

3. General pre-experimental treatment

On arrival at the Institute, the animals were
isolated when possible in pens littered with straw.
They were given & drink of werm weter and were later
 given 25ml. "Welcome" b. coli anti-serum by subcutb:
taneous injection. This was to ensure that the
calves received antibodies whether or not they had
previously been given colostrum. Por the first feed
one litre of whole milk was given. The quantity was
increased slowly to two litres per feed the progression
depending on the condition of the animels. Peeding
- was carried out twice daily making the intervals
between meals as near to 12 hours as possible. At all
- feeding times the milk was warmed to 102°F. When the
. animals had received whole milk for one week the
- experimental diet was gradually introduced, until
- after four days the animals were receiving their full
- complement for the experiment. This general proced:
 :ure was, of course, modified according to the condit:)
:ion of the animal, If diarrhoea occurred, extra

water was added, sometimes with salt. If scouring



was extreme, the diet was replaced by water and
Phthalylsulohathiazole ('Thiazole') was given orally.
When the condition had improved the diet was again
gradually re-introduced. Meanwhile the animals
were changed to metabolism cuages, which are described
below, for the separation and collection of urine and
faeces. About four days were allowed for the
animals to accustom ‘themselves to the cages and
collection procedure. Collections of urine and
faeces for the determination of & nitrogen balance
were then started. Roughage was specifically

. excluded from the diets of the animals.

"4, Composition of diets

‘ The animals were given diets resembling milk.

- The composition of the diets was altered according to
the particular experiment, but they consisted essent:
:ially of fat homogenised into @ protein solution.
Iard was used as the source of fat, and dried skim

" milk was usually used as a source of protein. The :

dried skim milk also supplied lactose, minerals, water

- soluble vitamins and a small amount of fat and assoc:

? :iated vitamins. Table 1 gives typical figures for

f the ocomposition of dried skim milk from which the

§theoretica1 composition of the semi-synthetic diets

~was calculated.

TABLE 1

 Typical figures for the Composition of Dried Skim-Milk

i Composition
| (%)
. Moisature 3.8
Protein 33.5
Pat 1.1
Iactose 53.5
Ash 8.0
Galcium 1.3
Phosphorus 1.0




TABLIA 2

Mineral Mixture used to Supplement the Diets of

Bxperimental Calves

Macro constituents Quantity
(g.)
CaHPO4 2H20 , 200 |
KZ‘HPO4 350
Gaclz 100
Mg0 40
NaéHPO4.l2HZO ; 150
NaGl 80
Ga003 100
Gitric acid | 150
Fe citrate 20.
Micro constituents ‘ Qaantity>
(g.)
MnSO4.4H20 0.5
ZnGl2 0.5
QuSO4.5H20 | 0.5
00612 0.1
X1 : 1.0




- diet was low or nil, additional balanced minerals

If the percentage of dried skim milk in the

- were added, including the essential minor elements.
~ The components of the supplementary mineral mixture

are given in Table 2.

In Table 3 its composition is compared with
that of whole milk.

TABIE 3

The Mejor radicles supplied by the Mineral Mixture

compared with those supplied by Cow's Milk

Typical figures Mineral mixture
for cow's milk used in the
: present work
(mg. /100ml. milk) | (mg. in 1.38 g.)
Calcium 120 122,
Phosphorus 100 110.
Sodium 50 50.
Potassium 150 157.
Chlorine 110 112,
Magnesium 12 24.

It will be seen that the composition of the supple:
smentary mixture was adjusted to resemble the
composition of the ash of milk with the exception
that the magnesium content was doubled to prevent

. hypomagnesaemic tetany (Duncan, Huffman & Robinson,

1935). When dried skim milk was not used in the
diet vitamins of the B complex were provided by a
yeast extract, prepared according to the method of

. McGrae, Bl Sadr & Sellers (1942). Vitamins A and D
- were provided by homogenising into the diet either

veterinary cod-liver oil or the pure vitamins

 dissolved in arachis oil. (2000 I.U. vitamin A and

200 I.U. vitamin D per ml.)

5. Preparation of diets

The dried skim milk or other protein,fat and
glucose were accurately weighed into buckets. The
dried skim milk powder and glucose were dissolved with






the aid of an electric stirrer in cold water contained
in & churn. The churn and contents were then
heated by immersion in hot water and maintained at
65°¢ for 15 min. Meanwhile the fat was melted by
placing the bucket in & boiling water-bath. About
helf the volume of hot reconstituted dried skim milk
was mixed with the melted fat and vitamin A and D
supplement. The constituents were well mixed and
then homogenised at a pressure of 3500-4000 1bs./sq.
in. pressure. The concentrated homogenate was re-
homogenised and returned to the original churn con:
:taining the remainder of the reconstituted dried skim.

milk. The bulk was then homogenised at the same
pressure. Minerals were added and the diet made up
to volume with cold water. The diets were stored in

an immersion cooler maintained at 5°G antil required
for use. Under these conditions of storage it was
necessary to make up diets twice weekly.

6 General balance technigue

— e s S tvs St s

A1l synthetic milks were either weighed or
measured accurately before feeding. A fresh sample
of milk was taken for the determinationsof total o
nitrogen and total solids and an aliquot then presezve@
with 40% formaldehyde for subsequent determinations of
fat and minerals.

Plate 1 shows one of the cages 1in which
quantitetive urine collections were made. The
wooden frame was covered with sheet metal on the
inside for ease of cleaning and also to ovrevent the
animal from chewing the wood, The floor of the cage
was essentially of heavy gauge 1" wire netting, through
which the urine passed on to a sheet metal floor
below. The latter sloped towards a hole near the
front of the cage where the urine was collected by
means of & funnel and Winchester bottle. Approximate:
:ly 5 ml. glacial acetic acid per litre of urine were
used as a preservative when nitrogen distributions
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were to be carried out.

Collection of excreta for the day started imm:
tediately after the morning feed and finished at the
same time the following morning. Urine volumes
were meesured every day and an aliquot taken for the
determination of total nitrogen. Another aliquot was
placed in the refrigerator for the nitrogen fraction:
tations which were carried out at two-day intervals.
A further 10% aliquot of the total urine volume was
teken for the determination of minerals.

One of the main difficulties in carrying out
balance studies with calives wes found to be the
gquantitative collection of faeces, especially when :
alimentary disturbances were present. rlate 2 shows'
an animal fitted with the harness and bag which was 5
designed to permit & gquaantitative collection of faeces.

Pasces baugs were constructed from light weight
car inner tubes cut to shape from & metal pattern.
The bottom of the tube was sealed and four metal 'D!
rieces fastened to the top by means of rubber strips
a8 shown in Plate 2. A% first rubber solution was
used as an adhesive, but as leakage difficulties
occurred, the seams were later vulceanised. The ,
weight of each bag was marked on a metal disc attached
to one of the 'D' pieces. A hole was made at the
top of the bag and then bound with rubber so as to fit
- the tail fairly tightly but without chafing.

The harness to keep the bag in position on the
animal may also be seen in Plate 2. It was
constructed from light webbing and consisted of a girth
band behind the shoulders meaintained in position by

another band passing over the chest. The chest band.
was fitted with four slides of webbing to each of
which was attached & metal 'D!' piece. The bag was

attached to the harness by means of spring curtain wire
covered with rubber tubing. Removal of the bag
from the harness was fucilituted by spring clips.



When the calf was producing normal faeces
this method of collection was sztisfactory. If,
however, the faeces were very liquid loss from the
bag could be high. This loss was found to occur in
two ways; either through the t&il hole when the animal
defaecated, or between the bag and the hocks of the
animal when it was lying down. The first type of
loss was effectively stopped by fitting a thin sheet
- of rubber tightly over the tail before the faeces bag
- was placed in position. The only method of stopping
% loss from the sides of the bag was to change it at
ﬁ frequent intervals.

'Collections for the determination of nitrogen
~ balance entailed changing the faeces bag daily before
 the morning feed. The bag was then weighed and the
- difference between the empty and full bag was taken asf
 the weight of faeces excreted. The contents were

E well mixed and an aligquot weighed into a ground glass

| Stoppered jar. The same percentage aliquot was
 added the second aay. Analyses were carried out

i every two days on these pooled samples which were

- stored in the refrigerator if they were not analysed .
 immediately. é

ey — " s e s G B s T

During the experiments the enimals were |
weighed to the nearest 100g. every two days before the,
- morning feed.

i
{

; Pulse rates were taken before each feeding !
. time, and general notes on the well being of the calf §
- were made at the same time.

7. Respiratory exchange determinations

Oxygen consumption and carbon dioxide product:i
- sion of the calves were determined using the appararus%
and technique of Blaxter & Howells (1951). Briefly,
- the procedure was as follows:-

The calf was connected by means of & rubber mask to a
large spirometer of maximum volume 220 litres. The

volume of air expired in 30 minutes was measured and



- in milk, urine and faeces respectively. Those

;first. Unless otherwise stated, all methods which
éwere used are to be found in the usual text books of

quantitative analysis (Peters & Van Slyke, 1932; Hawk, |
- Oser & Summerson, 1947). |

1. General determinations

' oven maintained at 100°C. Milk was Tirst
éevaporated on a water-bath and then dried to constant
éweight in the oven.

Efor the determination of dry matter. Organic matter
i was first burnt off and then the sumple incinerated in

an aliquot taken for the determination of oxygen and
carbon dioxide.

B. METHODS OF CHEIICAL ANALYSIS

The methods used are grouped under determinatiams

methods which are applicable to all, viz:- dry matter,
total nitrogen and mineral determinations are presented

{

(a) Determination of dry matter

Faeces were dried to constant weight in an

(b) Determination of total ash

This was carried out on the same sample used

a muffle furnace at 500°C overnight or until the ash
was white.

(¢) Determination of total nitrogen

Kjeldahl method.
An aliquot of wmilk, urine, or faeces
containing 10-25 mg. Nitrogen was digested with
concentrated sulphuric acid and potessium sulphate, :
using copper sulphate and selenium as ceatalysts. Thei
ammonia wes liberated with sodium hydroxide and |
distilled into boric &acid solution conteining the double

indicator methyl red and brom-cresol green. It was

then directly titrated with standard acid.
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For micro-Kjeldahl determinations the same

reagents were used but the Markham apparatus was used
for the distillation.

— o o

i. Ashing procedure

Milk and faeces were ashed for the determination
of calecium, magnesium, sodium and potassiunm. Urine
- was ashed for the determination of potassium, but
- caleium, magnesium and sodium were determined on the
original material. Chloride and phosphorus were
- also determined on the original material.

Organic matter was burnt away slowly at low
temperature over the bunsen and the residue was then
incinerated overnight at 450-500°¢. The ash was
moistened with nitric acid and taken to dryness. It
zwas again taken to dryness with concentrated
- hydrochloric acid and dissolved in a minimal quantity
- of N hydrochloric acid. The solution was then made
~up to 50 ml.

ii. Determination of Calecium

, Modified method of McCrudden (Peters and Van

: Calcium was precipitated as the oxalate whilst
hot from the solution buffered with ammonium acetate
and acetic acid. The precipitate was filtered off,

f washed and titrated with standard permanganate solution.

iii. Determination of Magnesium

| Modified method of McCrudden.  (Peters & Vaa
Slyke, 1932).

‘ The filtrate from the calcium determination

- was buffered with sodium citrate. Ammonium phosphaté
- and concentrated ammonia were added to precipitate
gmagnesium as the magnesium ammonium phosphate, The
precipitate was washed, dried with alcohol and ether
and weighed as the hydrated sealt.



iv. Determination of Phosphorus

Method of Piske & Subbarow (Hawk, Oser and
Summerson, 1947).

Organic matter was destroyed by digestion with
sulphuric acid and hydrogen peroxide. Acid
molybdate solution was added to form phosphomolybdic
acid which was subseguently detsrmined colorimetrically

' by the addition of 1;2;4-amino-naphthol sulphonic acid.

v. Determination of Sodium

Butler and Tuthill's modification of the Bebsr:

§and Kothoff method (Peters & Van Slyke, 193%2).

- 8ilver nitrate. The excess silver nitrate was back-
- titrated with standard thiocyanate solution using
ferric alum as indicator.

%2. Milk anslyses
' (a) Determination of total fat

. sample which was then extracted three times with a
' 50/50 mixture of ether and light petroleum. The

Phosphate was removed with lime and the sodium:
precipitated as the uranyl sinc sodium acetate compound.
This was dried with alcohol and ether and weighed.

vi. Determination of Potassium

Method of Sideris (1937, 1942).

Potassium was precipitated as the cobaltinitrite
in centrifuge tubes. After centrifuging and washing
the cobalt in the precipitate was determined
colorimetrically as the nitroso-R-salt complex.

vii. Determination of Chloride

Method of Volhard (Peters & Van Slyke 1932).
Chloride was precipitated by a known amount of

1. Method of Werner-Schmidt

Alcohol and ammonia were added to the milk

solvent was distilled off and the fat weighed.

ii. Method of Gerber
The routine determination was used for cow's

.



whole milk only.

%. Urine analyses

i. Determination of Allantoin

Method of Young & Conway (1942)

Allantoin was hydrolysed to allantoic acid by
alkali which was in turn hydrolysed to glyoxylic acid
é by heating with acid. i red colour was produced ,
; with glyoxylic acid when phenylhydrazine hydrochlorlde
j and potassium ferrocyanide were added. '

ii. Determination of Amino-Nitrogen

Method of Albanese & Irby (1944).
A copper-amino-N complex was formed between

5 copper in a buffered copper phosphate suspension and
é the amino-acids in urine. The soluble copper

- complex was filtered off, and the copper in the

- filtrate determined iodometrically.

iii. Determination of Creatinine and Creatine :

Method of Folin (Hewk, Oser & Summerson, 1947)i
| Creatinine wes determined by the orange colour:
§ produced with alkeline picrate (Jaffe reaction), and ;
é the colour weas read in the Spekker absorptiometer u81ng

; green filters.
i Creatine was first hydrolysed to creatinine by
; autoclaving at 115°C. for 20 min. ?

iv. Determination of protein

; Urine was heated with glacial acetic acid to

% precipitate any protein in solution. The preclpltate
; was filtered off together with any skin and hair

i debris. This was washed and the nitrogen content

' determined by Kjedahl's method.

v. Determination of Purine bases

Modified method of Kriger & Schmidt (Hawk,
Oser & Summerson 1947) .

' Purine bases, together with uric scid were
 precipitated by boiling the urine with copper sulphate
and sodium bisulphite. After filtering and washing

4 e
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the precipitate its nitrogen content was determined by5
Kjeldahl's method. Uric acid was determined.
separately by a colorimetric method (see below).

vi. Determination of Urea and Ammonia

Method of Van Slyke & Cullen (Hawk, Oser &
Summerson, 1947).

Ammonia was determined by aspiration from urine
| made alkaline with sodium cerbonate, into boric acid »
solution, where it was titrated directly with
standard acid. §

Urea was converted into ammonia by incubation %

with Jack-Besan meal which provided the enzyme urease.

vii. Determination of Uric acid

| Modified method of Benedict & Franke (Hawk,

% Ogser & Summerson, 1947).

| The blue colour produced between uric acid and
g sodium cyanide + arsenophosphotungstic acid was

é determined gquantitatively in the 3pekker absorptlometer
§ using orange filters. Urea was added to the

% cyanide solution to make it more stable (King, 1946)

(b) Distribition of Surphur in the urine §

i. Total Sulphur
Method of Benedict (Hawk, QOser & Summerson,

1947) .

The urine was evaporatsd and ignited with
; Denis!' reagent (copper nitrate, ammonium nitrate and
sodium chloride) to destroy organic matter. All
gsulphur was oxidised to sulphate which was then
precipitated as the berium salt, filtered, washed,
ignited and weighed.

ii. TInorganic Sulphur i
Method of Folin (Hawk, Oser & Summerson, 1947):
Barium chloride solution was added to cold
acidified urine. The precipitated barium sulphate
 was weshed, filtered, dried and weighed.

iii. Bthersal Sulphur

lMlethod of Folin (Heawk, Oser & Summerson, 1947);



The filtrate from the determination of inorganic
sulphur was boiled gently to hydrolyse conjugated
sulphates. The preoipitated barivm sulphate was
washed and weighed as before.

“iv. HNeutral Sulphur

This was obtained by difference:- Total S -
(Inorganic S + Bthereald) = neutral S.

(c) Determination of Total Ketone Bodies

Method of Van Slyke (Peters & Van Slyke, 1932)?
: Ketone bodies which may be present include

é acetone, aceto-acetic acid and B hydroxybutyric acid.
Aceto-acetic acid was converted to acetone by

| hydrolysis and hydroxybutyric acid was oxidised to

- acetone by refluxing with potassium dichromate.

- Acetone was then precipitated as the basic mercuric

- sulphate compound which wes filtered off and weighed.
% Glucose and other interfering compounds were first

- removed by precipitation with copper sulphate and

: calcium hydroxide.

% 4. Analysis of Faeces

The saliquots representing the excretion for
two days were well mixed in the glass container and
 &ll analyses other than for mineral constituents were
. carried out on the wet material. Weighing was
done rapidly and accurately on a small filter paper,
1 or by difference from a weighing bottle depending on
the consistency of the particular sample.

(b) Determination of Total 'Fet!'

Modified method of Saxon (Peters & Van Slyke,
1932) .

The sample of faeces was acidified and heated
to liberate fatty acids from their soaps. Alcohol
was then added and the fat and fatty acids extracted
three times with equal quantities of ether and light
| petroleum. The solvent was evaporated off and
- the residue weighed.

1o,
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Note. This method does not give a true figure for
totaul fat since neutral fat, free fatty acids, free
fatty acids from soap and non-saponifiable residue are
included. It was not found possible to determine
these fractions every two days because of the time

taken by the method.
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Method of Tidwell & Holt (1936).

: Neutral fat, free fatty acids and non-
‘saponifiable residue were directly extrected from the

faeces. Pree fatty acids were titrated with

‘standard alkali; non-saponifiable residue was obtained
by saponifying the extract and then re-extracting; and |
‘the true neutral fet was obtuined by difference. Soaps
‘were determined by acidifying the residue from the
;first extraction and then re-extracting.

—— - G w—— o " o—

Method of. Nielsen (1943, 1945),

The starch present in the faeces sample was
dissolved in perchloric acid and the colour produced
between starch and iodine determined quantitatively.

5. Digesta anslysis

: The sample was made normal with respect to .
‘sulphuric acid and steam distilled. 500ml. fractions
fof distillate were collected until the titration was
‘1ml. or less of N/10 alkali. The results were
‘expressed in terms of N/10 acid.

'6. Blood analysis

i(a)_FractionaEion of serum proteins

Modified method of Majoor (1946, 1947).

Various fractions were precipitated by increas:
:ing the concentration of anhydrous sodium sulphate. |
n ¥ " globulin was precipitated with a concentration
of 159 g. / litre; "o + PB" globulins with a

concentration of 270 g. / litre; and albumin with a
concentration above 270 g. / litre.
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Precipitetion and filtration was carried out in &an
incubator at 3700, and the nitrogen content of e&ch
precipitate determined by the micro-Kjeldahl method.

7. Gas analysis
(a) Oxygen and carbon dioxide

The composition of air expired by the calves
was determined using & Haldene ges enelysis apperatus.

(b) Methane and hydrogen

A known volume (ebout 200 litres) of expired
air was passed through concentrated sulphurie acid to
dry it and then through soda-lime to remove respiratory
carbon dioxide. The methane and hydrogen were
ignited at 700°C to form water and carbon dioxide.
These were absorbed in weighed bottles containing '
concentrated sulphuric acid and soda-lime reSpectively;
From the water and carbon dioxide produced the
quantities of hydrogen and methane were caleulated.




{ PART II. - NITROGEN METABOLISM OF THE YOUNG AYRSHIRE'
. CALR.
. 4. THE METABOLISM OF THE CAIF DURING STARVATION AND

SUBSEQUENT REALIMENTAT ION.

; In order to interpret the results of experiments
- on the effect of quality of protein in the diet of the
- calf it was necessary to study factors affecting the ‘
| nitrogen metabolism in this animel. Ag part of this
% study, an experiment was carried out to determine the ?
% metabolism of nitrogen, sulphur, minerals and energy
é during starvation since during starvation the body ‘
; materials are specifically drawn upon to maintain the
% life processes of the body. |
; A further, more practical interest of this é
§ experiment was its relation to calf diarrhoea. When a
calf is affected by acute infantile diarrhoea -"scouring"-
there is a marked fall in the nutrients which are f
absorbed from its digestive tract. This fall in th&
food supply to the tissues is sufficient to cause such
negative nitrogen end energy balances that in severe
cases the calf approaches a state of complete inanitiop.
In ferm practice a common and effective method of ?
controlling this type of diarrhoea is to substitute |
boiled water for the celf's milk allowance, until the§
faeces become normal in appearance and then to commenée
realimentation very slowly. Such a method of contrbi
has the effect of substituting complete inanition foré
the partial inanition which results from scouring. !
Much has been published on the effect of
starvation in meture animals, more especlally man, i
but comparatively little study has been made of the |
effect of starvation on the metabolism of the really
youhg animal. In the mature ruminant, energy :
metabolism has been studied by Braman (1924),Benedict?
& Ritzman (1927) and Ritzmen & Benedict (1938); while
extensive studies of the nitrogen metabolism of the
fasting steer or cow have been made by Carpenter (1927),
Hutchinson & Morris (1936 &,b) and Morris and Ray (1939)-
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The energy metabolism/has been studied in detail by

Benedict & Ritzman (19%1), Brody (1932), Ritzman,
Washburn & Benedict (19%6), Blaxter (1948) and Marston
(1948). There is therefore much information available
- on the effect of starvation on the mature ruminant
which can be used for comparative purposes.

2. Plan of experiment

Two calves were used in this experiment and
each was subjected to two periods of starvation. The
original plan was to s tudy starvation and recovery in
each anima] when at a normal weight for its age and
also following a period of undernutrition when its |
weight would be only 50% of that expected from its age.
The object of this design was two-fold. Pirstly, it
has been shown by Marston (1948) that the minimal level
of energy metabolism is reached more quickly when
animals are starved following low levels of food intake
than when starved following long periods of over or
optimal nutrition. Secondly, scouring in calves
tends to be chronic before an acute stage is reached,
and thus,undernutrition for @& period before almost
complete inanition, is common. A study of inanition
following undernutrition therefore seemed desirable.

Details of the calves and their experimental
treatment are given in Table 4.

TABLE 4

Details of calves and their experimental treatment

Celf | Body- | Age at Experim?ntal periods
Ng | weight | commen: , days)

(kg.) %gg?g; Normal intake| Reduced intake of

of diet (see %%et (see Table

Table 6;
e:1Stear:[Reco: | Prelim: : {Recov
ar?' g%givery inary fa ery
4 133.5 6 12| 4 110 12 4 12
5 |34.6 6 14 4 | 12 - - —

Unfortunately one calf (N25) became ill during
the course of the pre-starvation period for the low
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plane of nutrition and this section of the experiment
was abandoned.

The composition of the semi-synthetic diet is
given in Table 5 and the amounts given to each calf in
Table 6.
given instead of milk, in gquantities sufficient %o

During periods of starvation water was

maintain urine volume at the pre-starvation level.
TABLE 5.

Composition of the experimental diet

Composition

(g. / litre) | i
Dried skim milk 77.6
Lerd 38,7
Cod-liver oil 3.3
Glucose 14.0 %
Minerals 1.3 ;

TABIE 6.

i Quantity of milk diet given toeach of the calves

Calf N2 |Amount of milk (kg.) fed daily during

Preliminary and recovery periods |

Normal intake Reduced intake
of diet of diet
4 3,8 3.0
5 4.0 3.2

, The following analyses were carried out:-
Diet
| Dry metter, totel nitrogen and totel fat on
- each sample.
 Urine

Total nitrogen(determined daily), uresa,
ammonie, creatine, creatinine, uric acid, allantoin,
purine beses, protein, totel acetone bodies, total

sulphur, inorganic sulphur, ethereel sulphur and
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neutral sulphur (determined every two days), chloride,
sodium, potassium, celcium, megnesium and phosphorus
(on certain samples).

Faeces
Total nitrogen, dry matter, total ash, total
fat and socaps (determined every two days).

Respiratory exchange
Determined during periods of starvetion only.

3. Results
{e) General behaviour of the animals during fasting
and when given sub-normel guantities of milk

During the preliminary period, when the calves
were given quantities of diet commensurate with normal
gains in body weight, both were very lively and tended
to be highly excitable, especially at feeding times,
They would stand and play with their harness or tails
for quite long periods. During the first two days
of starvation this normal behaviour continued, the
excitability at feeding times still persisting although
they were given nothing but water. Iater they
became lethargic, but could hardly be called weak.
When they were agein given normal quantities of food
they recovered within & few days. During the period
when the subnormel quantity of feed was given, however,
activity declined markedly and the animals developed a
craving for roughage - & dietary component excluded
from their diets. When celf 4 was starved on the
second occasion chewing of the walls of the metabolism
cage and his harness increased and on one occasion he
swallowed the whole of the rubber siraps supporting
his faeces bag. This ceaused no distress and in the
subsequent recovery period he was noted to have been
ruminating on fragments of rubber. During this
period rubber appeared in the faeces, invalidating the
determinations of carbohydrate by difference methods.

The behaviour of the animals on realimentation
is of some interest. Realimentation of calf 4 was
Slow; he was given only half his normal quentity of
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diet on the first day following starvation and it was
noted that his urinary nitrogen remained elevated.

It ‘was thought that this might be due to the sub-
normeal feeding, so celf 5 was given the full quantity
of diet immediately following the starvation period.
The result was profuse diarrhoesa, which lasted for
several days. The seme type of reaction in & mild
form was shown by calf 4 during the second period of
realimentation when two-thirds of the normal allowance
was given on the day following starvation. Such
alimentary disturbances after fasting are common in
man (Lusk, 1931).

(b) Bodyweight

During the starvetion periods, the calves were
weighed every morning instead of every second morning,
The growth curve of calf N24 is shown in PFigure 1
while Table 7 summarises the data for both calves.

TABLE 7.

Mean daily gains (4) or losses (~) in weight by the
calves calculated from regression annalysis of
individual weights .

Gain or loss of weight (g. / day)

Calf | yormal intake of diet |Low inteke of diet

N2 (see Table 6) (see Table 6)
Prelim: |Starva:| Recov:|Prelim: |Starva:| Recov:
inary |tion ery inary |tion ery

4 307+47 |- 685 PoT7i42|105E52 |~ 525 |130ts2

5 302%14 |~ 525 PB063126| - - -

The weight of calf 4 on commencement of the
second period of starvation was 38kg. If the rates
of gain in the preliminary period are regarded as
normal, then this animal should have reached that
weight at the age of 27 days. In actual fact the
calf was 45 days o0ld and was therefore retarded in
growth by 18 days in 45. This retardation of growth
due to undernutrition wes in accordance with the plan



of the experiment. - There appeared to be relatively
little adaptation to starvation as judged by economy
in body gain following it. The normality of the
gains in weight of the calves when receiving the
normal intake of diet may be judged from the data
compiled by Brody (1945). In the first month after
‘birth Ayrshire calves grow at the rate of about 17 1b.
a month or 257 g. / day, whereas in the second month
the growth rate increases to 30 1b. a month or 450 g.
/ day. On this basis the geains of the calves during
the adequate intake of diet were normal and when the
reduced inteke of diet was given, subnormal. In each
case the loss of weight during stervation was severe
and there appeared to be no significant difference
between the weight losses in the two periods. . The
mean daily loss in weight during three experiments was
thus 578 ¥ 53 g. / dey.

(€) The digestibility of the diet and the excretion
of faeces during starvation.

The digestibility of the dry matter, fat and
total nitrogen of the diet was determined before and
after starvation. The results are shown in Teble 8.

TABLE 8
Mean coefficients of apparent digestibility of the
diets before and after starvation.

Calf Ievel of DPeriod Apparent digestibility g%b
Ng feeding Total dry ffotal fat | Total N
matter
4 Normal | Prelimnary; 95.7 98.8 89.9
Recovery | 98.3 97.5 98.2
4 Low Preliminery| 96.7 97.1 95.1
Recovery | 94.8 93.5 93.2
5 Normal | Preliminery| 95.3 93.2 - 90.4
. Recovery 92.3 88.7 87 .4
Mean of 3 Preliminary| 95.9 95.4 91.8
experiments Recovery | 95.1 93.2 93.0

There was no significant change in the apparent
digestibility of the diet following the first
experimental starvation period. With calf N24 on

the normal level of feeding the digestibility of the

24.



diet increased, but the remaining results showed a
decline in digestibility associated with slight
diarrhoea on realimentation. A comparison of

these figwes with the digestibility of whole milk by
the calf will be given later (Page 10Y).

Faeces continued to be excreted during the
fasting periods and the amounts collected were :
surprisingly large. The mean daily excretion of dry 5
matter is shown in Table 9.

TABIE 9.

Mean daily excretion of dry matter in the faeces
during starvation and during feeding.

Period Calf 4 Calf 4 Calf 5 Mean

normal reduced normal
ration ration ration

Weight of dry matter in faeces (g. /day)

Preliminary| 22.1 13.3 25,2 20.2
Starvation 8.1 13.7 10.1 10.7
Recovery 8.6 20.9 41.9 23.8

The starvation faeces tended to be firmer than.
normal faeces, but otherwise looked the same. The
mean composition of faeces during feeding and fasting
- is shown in Table 10. ’

TABIE 10.

Mean composition of faeces during starvation and
during feeding

Normal | Starvat:
faeces ion faeces
(%) (%)
Amount of dry matter 18.8 30,7
Composition of dry matter:
Total lipids 39.6 39.6
Soaps | 25.0 23.1
Neutral fat, free fattg acids
and unsaponifiable residue 14.6 16.5
Ash 20.4 19.9
Total nitrogen 5.4 5.1




TABIE 11.

Mean excretion and ingestion of N and N balance

Calf | Ievel of Period |Days Nitrogen (g. / day)
N¢ feeding Intake Excretion in | Balance
Urine Faeces
Preliminary | 12 16.53 | 6.46 1.67 +8.40
Starvation 4 Nil | 9.41 0.49 -9.90
4 Normal |pacovery 4 17.20 | 9.47 0.43 | 47.30
Recovery 8 17.76 1 7.85 0.25 +9.66
Preliminary | 12 13.35 | 7.39 0.65 +5.31
Starveation 4 Nil [0.19 0.60 -10.79
4 Low Recovery 4 12.42 | 8.88 0.60 | +2.94
Recovery 8 13.81 | 8.31 0.94 +4 .56
Preliminary | 14 17.27 | 7.33 1.65 +8.29
Starvation 4 Nil {7.11 0.49 | -7.60
5 | Normal lpecovery 4 15.57 [10.36 2.62 | +2.59
Recovery 8 - 17.91 17.83 2.25 +7.83
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The higher percentage of dry matter in starving
faeces is shown in this table and it will be noted that
the composition of the faecal dry matter was compareble
in both periods. This suggests three possibililities;
firstly, that the starvation faeces were in fact
undigested food residues, or secondly that théy were
entirely metabolic products secreted into the gut
during starvation. It is more likely, however,
thet the starvation faeces consisted of both food
residues and metabolic products but the magnitude of
each cannot be assessed from the present resilts.

(d) Nitrogen balances

Table 11 summarises the nitrogen balance
results. The excretion of nitrogen in the urine of;
celf N24 increased during both periods of starvation.
With calf Ng¢5 there wes no spectacular change in
urinery excretion of nitrogen during fasting. In :
this calf however, the first few days of reallmen’catlon
were associated with slight diarrhoee and urinary
nitrogen rose markedly. Table 12, besides
summerising the results with calves, includes results
obteined with other animals for comparison.

TABIE 12.

The loss of body nitrogen during starvation in the :
young calf compared with that observed in other animals

Animal Loss of nitrogen

(ng. / kg. body- Reference

weight per day{
Young calf 259 Present work
Sheep 152 Morris & Ray (1939)
Goat 162 Morris & Ray (1939)
Pig 60 Voit (1901)
Cow 90 Hutchinson & Morris

(19368)
Morris & Ray (193%9)

Steer 69 Carpenter (1927)

The teble shows that the fasting nitrogen
catabolism of the young calf is more than twice as



TABIE 13

Mean daily excretion of nitrogzenous metabolities in the

urine.
Calf We4 Calf Ne4 Calf N25
Normal diet Reduced diet Normal diet

Prelim:| Starva: {Recov: |Prelimg Starva: | Recov:|Prelim:|Star: |Recov:

inary | tion ery inary tion ery |inary |vation | ery
No. of ,
days anal:| 8 4 10 6 4 10 10 4 8
yses
Constit: Amount excreted (g.nitrogen

uent / day)

Urea 4.62 7.%4 6.11 4.68 7.10 4.74 {4.80 {5.00 |3.69
Ammonia 0.393% | 0.904 {0.893 |1.017 | 0.582 {1.183(0.662 |0.546{1.273
Total urea

+ ammonia| 5.01 8.25 7.00 5.69 7.69 5.92 {5.46 |[5.55 [|4.96
Creatinine| 0.%365 | 0.379 ]0.285 |0.232 | 0.236 |0.229[0.467 {0.379{0.441
Creatine |[0.124 | 0.214 {0.098 {0.125 | 0.197 {0.232(0.108 }0.377{0.252
Uric acid |0.038 | 0.057 |0.031 |0.026 | 0.048 ]0.029(0.037 |0.048]0.042

szgge 0.131 | 0.148 }0.193 [0.216 | 0.206 |0.252]0.146 |0.138{0.211
Allantoin | 0.606 | 0.520 [0.373 |0.476 | 0.569 | 0.583{0.605 |0.507{0.645
Total

purine 0.775 {1 0.725 {0.597 (0.718 | 0.823 | 0.864]0.788 [0.693]0.898
Residual |0.729 { 0.117 |0.233 {1.039 | 1.227 |2.101]0.483 {0.1861.857
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intense as the fasting catabolism of the cow at

maturity and is much greater than the fasting
catabolism of the sheep and goat which are small
ruminants of approximately the same body size as the
 young calf,

: The first four days of realimentation which

. are shown separately in Table 11 indicate that the
urinary nitrogen remained high and nitrogen retentions
. correspondingly low during this period. Part of
 this in two cases was probably due to the slight
alimentary disturbances which occurred. In the

- remaining instance, calf N4 in the first period of

- 8tarvation no diarrhoea occurred and thus such an

 explanation does not entirely account for this lowered

| nitrogen balance. It would appear therefore, that

f excessive deamination of amino-acids for meeting

§ energy demands takes precedence over replacement of
 lost tissue nitrogen following a fast. Alternatively,
| fasting may result in preferential demands for one

f particular amino-acid in the subsequent period of

. realimentation.

(€) The distribution of nitrogen in the urine

, The analytical results obtained for each calf
§ are summarised in Table 13. Anealyses were made at
. two-day intervals, and daily throughout the
. starvation periods., Figures 2, 3, 4, 5, 6 and 7
é show the mean changes in more detail and are referred
%o later. \

Table 13 and Pigure 2 show that urea execretion
. increased during starvation. This was marked with
~ calf N24 on both occasions but wes negligible with
calf N25, & result in agreement with the nitrogen
balance results previously discussed. Figure 2
- Bhows that urea excretion fell slowly following the
- fast, again in agreement with the total nitrogen
- metabolism results. Ammonia excretion was not
grossly affected by the feast. This differs from the
effect of starvetion in man (Cathcart, 1907) where an
" increase in ammonis excretion meets the marked acidosis



Total urinary S excretion by the calves and the N/S ratios

TABLE 14.

Total excretion of S (mg./day)

Period
Calf 4 Calf 4 Calf 5
Normeal Low Calorie Normel Me&an
diet diet diet
Preliminary 323 413 326 354
Starvation 611 607 403 540
Recovery 476 394 229 366
N/S ratio in
preliminary period 22.7 19.0 22.0 -
N/S ratio in
starvation period 16.6 16.7 17.7 -
TABIE 15.

The mean results for the partition of the urinary S

Excretion in Excretion Incresase
Fraction preliminary during
period starvation
Amount excreted (mg./day)
Inorgenie 210.4 382.2 + 171.8
Neutral 93.8 95.1 + 1.3
Total 370.5 540 .6 + 170.1




which occurs. The results &re shown in Figure 3.

Creatinine excretion declined very slightly
throughout, there being a slight fall in excretion in
the recovery period of calf N24 during the first period
of starvation, a change which is of doubtful
significance, This is in agreement with Folin's
contention (1905) of a constant endogenous metabolism
and a constancy of creatinine elimination. Creatine
excretion increased when the celves were starved,

(Rigure 6). This was true even of calf N25 which
showed no pronounced change in totel nitrogen excretion
duringfesting. The purine bases showed no large

changes during starvation. Allantoin N excretion did-
not change but uric acid N excretion incressed during
starvation in both animals. The amount of nitrogen
involved was, however, small. The total purine N
excretion was not affected by starvation, the small
variation in urinary metabolite excretion being the

- usual day to day veriation met in such studies. The
purine N excretion is shown in PFigures 5, 6 and 7.
This negligible change indiceted that there was little
loss of nuclear material during stervetion. |

The residual nitrogen, which represents ,
largely amino-nitrogen with small amounts of nitrogen
present as proteins and other compounds, was variable.
Part of the variestion was undoubtedly due to analytieal
errors, for the estimation of this fraction involves
- eight separate determinations of nitrogen or nitrogen-

 containing compounds. |

(£) The excretion of sulplur in the urine and the

partition of urinary sulphur.

The mean results of urinary sulphur excretion
are shown in Table 14. It is clear thet en increase
in total sulphur excretion occurred during stervation,
- Smaller in calf 5 than in calf 4 & result which is in
agreement with the nitrogen metabolism results. The
partition of tke urinery sulphur recorded in Table 15
8hows that the mejor part of the increase in excretion
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occurred in the inorganic fraction and that the neu:
tral and ethereal sulphate fractions remained constant.

The constency of excretion of the neutral
sulphur fraction is in agreement with the contention
that it is an endogenous fraction, though the
experiments of Amann (193%3) do not support this
hypothesis, since in his experiments it increased
merkedly when very high protein diets were given. It
wes not expected that the excretion of ethereal sulphate
would be constant,because this fraction is known to
result from phenols formed by putrefaction of food in
the gut. Thus during starvetion a decline in the
sulphate ester excretion would be expected. Possibly
the continuing excretion of faeces during fasting
indicates theat there were sufficient feed residues
present in the intestinal tract to give rise to
phenols in compearatively large quantities.

The ratio of N/S in the urine of men during
stervetion varies between 15 and 17 (Tumsk, 1931;
Benedict, 1915; Cathcart & Green, 1913). The N/S
ratio in muscle is 13.4 (Wilson, 1925). In the calf
the N/S ratios are comperable to those found during
starvation in men, but were higher than would be
expected if muscle proteins and their constituent S-
containing amino-acids were the scource of both the
nitrogen and the sulphur. It is known that part of
the nitrogen excreted in the urine is an inevitable
loss - the 'endogenous nitrogen' excretion (see page
41 ). If it is assumed that the neutral sulphur
fraction is a measure of the minimal sulphur excretion
and the excretion of nitrogen above the endogenous
level (page 54 ) is teken as representing catebolism
of body protein, then the ratio of non-endogenous
nitrogen to non-endogenous sulphur would be 13.8, a
value in fair agreement with Wilson's value of 13.4
for the N/S ratio in muscle.

It may be concluded therefore, that there was

en increase in sulphur excretion during festing
following & milk protein diet, the increase being
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entirely in the inorganic fraction. This would be
expected if large quantities of body protein were
being catabolised.

(g) Acetons excretion

The daily excretion of acetone is shown in -
Figure 8 and the mean results are summarised in Table
16.

TABLE 16
Daily excretion of ketone bodies
Calf 4 Calf 4 Calf 5 Mean
Period Normal | Reduced | Normal
diet diet diet

Amount of ketone bhodies excreted
(mg. acetone / day)

Preliminary 60.7 58.5 68.7 62.6
Starvation 49-4 54.3 8902 64'-3
Recovery 95.7 134.2 120.3 116.7

It is clear that no ketosis occurred on
starvation of the young calf. This agrees with the
results obtained in the mature ruminant by Sjollema
& van der Zande (1923), Carpenter (1927) and
Hutchison & Morris (1936b), none of whom observed any
ketosis in cattle on starvation. This result in the
young calf which, to all intents is a ron-ruminant, is
interesting since in man many greams of ketone bodies
are excreted during fasting. The poorly nourished
individual, however, excretes a smaller guantity of
ketones (Deuel & Gulick, 1932) suggesting that in the
calf, an animal possessing only small fat reserves,
ketosis would not be a symptom of starvation. On
the other hand infants and children evidently develop
ketosis sooner during starvation than the adult (Gemble,
Ross & Tisdall, 1923). Figure 8 shows that an
increase in urinary acetone excretion occurred during
realimentation. This suggests that there is a slight
disturbance of carbohydrate metabolism at this time.

It may be that the large demand for energy to replenish
the depleted glycogen res ervas of the animal results
in an increase in fatty acid oxidation following



fasting.

(b) Urinary mineral excretion

Calcium, magnesiug, sodium, potassium, chloride
and phosphorus were determined on two-day samples of
urine collected during the three periods of each
experiment and the results are shown in Table 17.

TABLE 17

The daily excretion of minereal elements by the calves

The amount of element

Galf N¢ Period excreted (mg./day)

1L |P [Na | K | Mg |cCa

Preliminary 2467|227 | 914 |2678 | 62 [49

Starvation 6641312 | 661 {1493 54 75
Recovery 2884|399 1398 12780 | 30 [106

4
Normal diet)

Preliminary (20031245 | 529(2027 { 13 (135

(Reduied Starvation 2741143 | 3301569 | 30 | 33
diet)

Recovery 2614|1345 | 8763291 | 18 | 87
Preliminary (3057{182 | 338(3145 | 45 | 94

5
(Normal diet)|Starvation 1401184 | - [1315 8 |22

Recovery 2379| 28| 313]1496 | 18 | 71

‘Mean loss/ |during
day Starvation 326|213 | 4951456 | 24 | 43

Balances were not determined and it must be
‘remembered that the sampling errors involved in
'obtaining these results may be high since the two-
‘daily veriation in the excretion of nitrogen was as
high as+ 15% for calf N24 when receiving 3.8l. of diet
~per day.

‘ It is clear that there was & reduction in the
excretion of chloride, potassium, sodium and calecium
during starvetion and no consistent change in the
excretion of the other elements. The mean deilly loss
during starvation may be used to indicate the extent




of the catabolism which occurred. If only muscle
substance were broken down and if the potassium loss
is assumed to have come entirely from muscle, the
approximate excretion of other elements which could
 have come from muscle substance may be estimated. Due
to the fairly large sampling error this can be only an
approximation. The enelyticel figures for muscle
are those determined on normal celf muscle (Blexter &
Woo0d,1951) and the final results of the calculation
are shown in Table 18.

TABIE 18

An approximation to the amounts of body protein
catabolised based on the analysis of muscle tissue.

Element|mg.present in | mg. of ele:
muscle when ment excreted Conclusion
1456 mg. of K| in urine
are present

K 1456 1456
Na 224 495 ) [Loss of extra-
o1 181 526 % cellular fluid
Ca 21 43 g Little loss of
: minerels from
P 752 215 )% bone.
69 24 ) Retention of
essential

enzyme systems
of the cell.

: It would eppear from this table that there weas
é little loss of bone minerals during stearvation. This

~ is not in agreement with some of the date obtained for
" man (Peters & vean Slyke, 1931), but, as has been
pointed out, part of the bone loss in the human may be
due to accompanying acidosis. Hewk, Oser & Summerson
(1947), however, state that long periods of starvation
in the dog (up to 104 days) do not cause any marked
loss of minerals from the bone.

The larger quantity of sodium and chloride
present suggeste a loss of extra-cellular fluid during



TABLE 19

Regression equations relating functions measured during fasting
respiraetory exchange determinations to time following the
cessation of feeding with coefficients of variation estimated

by analysis of variance of the regression.

Punction BEquation % decline el% c.v.
D = days of fast / day
002 production X = 10,117 - 0.600 D 5.93% 736 .4 1.4
(1itres/hHr)
0, consumption |x = 12.997 - 0.755 D 5.81 233,2 2.0
(1itres/nr)
ey |x = 0.784 - 0.006 D 7.96 5.7 | 1.8
Heat production ‘ |
Pulse rate/min. | x = 79.7 - 6.38 D 8.00 498.3 2.0
Respiratory '
rate/min. X =16.6 -1.15 D 6.93 7.0 [13.9
Minute wvolume |
of
(1.)
B°%§g‘f§ight X = 35.88 - 0.655 D 1.83 4.9 | 1.6




starvation. The smaller quantities of magnesium and
phosphorus present on starvation suggest that there
wes no extensive loss of nucleo-protein material and
tnat the enzyme systems in the cell were retained.
This is in agreement with the results previously
reported on the absence of an increase in purine
metabolism during the fast.

(i) Bnergy metabolism and respiratory exchange.

(i) Accuracy of the determinations

In that the interpretation of the results of
the respiratory exchange determinations depends
largely on the accuracy with which the determinations
were made, it is essential to have information on the

variation associated with each determination. The
method adopted for determination of respiratory
exchange was very sensitive. Slight head movements

of the calf in a duplicate run invariably could be
detected in a higher oxygen consumption and carbon
dioxide production. The accuracy of the method was
determined by analysis of variance technique
computing the coefficient of variation from the mean
and the standard deviation of the residuals from &
fitted linear regression. The results of calf N24
which were quite typical are shown in Table 19. From
these detailed results it is clear that the errors
involved in the determinations are very small. For
oXxygen consumption, heat production and carbon dioxide
production the errors expressed as a percentage of the
 mean are all less than 2%. The respiratory rate and
ventilation rate per minute were slightly more variable
but even so they were well within the range of varia:
 bility one might expect of a function under partial
voluntary control.

(ii) The course of heat production during festing

with reference to the constancy of the basal
metabolism of the calf.

Prom Table 19 it is clear that the linear
regression relating heat production to days of

starvation was very highly significant in each



TABLE 20.

Regression equations showing the fall in heat production of the cggﬂ
with continued starvation, its fall in O, consumption and its

decline in body weight.

Calf NQ Function Regression equation % decline in
and diet where D = days function per
day

Oxygen
consumption X
(1./hr)

13,00 - 0.600 D 5.81

4 Heat
production X = 61.67 - 3.76 D 6.10
Normal (kg.cal./hr) -

Body weight _ _

Oxygen
consumption X
(1./hr)

13.28 - 0.454 D 3.42

4 Heat
_ production x
Reduced (kg.cal./hr)

Body weight
(kg.)

53-67 - 3032 D ’ 6019

M
N

Oxygen
consumption X = 14.86 - 0.68 D 4,58
(1./nr)

Heat ' '

5 production X = 64.58 - 4,36 D 6.76

Normal (kg.cal./hr) :

Body weight

(kg.) X = 38.89 ~ 0.315 D 0.81 1
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particular case and that the residual variance was
very small, In each calf heat production following
starvetion declined slowly over the whole four days
of observation. The same was true of each function
- 8tudied, - pulse rate, respiratory rate and mihute
volume. The date relating to each animal is shown
in Table 20 and graphically in Pigure 9. These
show that there was no indication at any time that a
constant level of metabolism had been reached, and the
- regression equations were not in any respect non-linear,
a8 can in fact be inferred from the errors shown in
~ Table 19. In every case the fall in oxygen
- consumption, heat production and bodyweight with
- continued fasting were all highly significant, P being
~always smaller than 0.01 and sometimes smaller than

0.001.

‘ It will be seen that the decline of heat

- production was much greater than the decline in body-
weight, which means that heat production / kg. body-
- weight also declined markedly during starvation.

| It ia clear that this fall in heat production
~ of calves is not only highly significant in the single
; individual but, where these two calves are concerned,

| is reproducible between animals. These results do
 not agree with those obtained on man and mature

" animals.  In the first place, whilst there is & fall
} in total heat production of man in long continued

. fasting, fasting over a period of & week does not

- result in a large fall in metabolism per kg. of body-
weight, (Lusk, 1931; Benedict, 1907, 1915.)  In the
 cow metabolism / kg. bodyweight falls during the first
» day of starvation, largely due to the long period

- needed to reach a post-absorptive state,. The

- metabolism of the animal does not appear to decline
 markedly once this level has been attained (Benedict

& Ritzman, 1927). In sheep the observations of
Blaxter (1948) and Marston (1948) indicate that a
platean in metabolism occurs. In prolonged starvation
of the rat, however, fasting reduces heat production



whether expressed per kg. of bodyweight or per sq. m.
of body surface (Benedict and Fox, 1934).

Data relating to this decline in heat
production in other species are given in Table 21.

TABIE 21

Regression of heat production (Gal./kg. bodyweight) on
length of fast in days; a comparison of the calf with
man and the steer.

Species|Referencs Regression Length of {Statistical
equation pbservet:|signifi:
on (days)| cance
Calf Present
results Cal.=37.03-1.98D 4 Very highly
» significant
Men Benedict _
Men ILusk _ _ :
Steer
D & Ritz: |[Cal.=17.12-0.58D 6 N.S.
E m&n Cal.=22.4 —0.04D 4' N-So
(1927)

D: days of starvation. ©N.S.: not significant.

Statistical analyses were made of the published
- results using the same methods as were used in dealing
- with the calf results.

: It will also be noted from Table 20 and Figure
9 that the rate of decline of heat production was the
' same whether or not calf Ng4 had received an adequate
for & reduced amount of diet and that the rate of fall
" in heat production of calf N¢5 was similar.

‘ Thus, heat production of the calf following
fasting is not affected to any appreciable extent by
the prior nutritional level. Marston (1948) has
shown that the heat production of sheep given & high
plane of nutrition fell to & constant basal level more
Slowly (over a period of 7 days) than the heat
production of animals fed a sub-maintenance diet which

35.
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reached constancy after only 2 days of fasting.
Mearston has attributed this difference in the shape of
the curve of fasting heeat production to the failure of
the animals given the higher plane of energy to reach
' & post-absorptive state.

: The reason for this decline in heat production
; in prolonged fasting in the calf is not certain. It
; might be supposed that a post-absorptive stete had not
- been reached in the calf starved for four days. This
;-is not supported by the results for the following

. reasons i-

1. The respiratory quotient did not show any marked
decline during the fast. This was also true
of the non-protein R.Q.

2. The peak of creatine excretion in the urine

~occurred early in the experimental period,
indicating that the animal was very close to a
post-absorptive state even on the first day of
starvation.

3. There was no significant difference in the rate of
decline in metebolism following different levels k
of food intake, as has been shown %o occur in
the sheep.

4. The experimental points showing & fall in heat
production did not deviate from & linear
regression. If the decline in meteabolism was
due to the metabolism of food residues an asymptote
would be expected. |

The decline in heat production was thus not
due to failure to reach the post-absorptive state.
This is reasonable in so far that the rat reaches a
- basal level of metabolism at approximately 14 hr.

- (Wesson, 1930-31) and man at ebout 12 hr.. It is

% only herbivora that take 72 hours or more to reach the
f post-absorptive state.

| A possible explanation is that there 1is a
marked reduction in muscular tonus and in the small
involuntary skin and muscle movements during fasting
in the calf.
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4, Discussion

(8) The materials catabolised during fasting in the
calf and the loss in body weight.

From the respiratory quotient of an animal
(R.Q. = vol. CO, produced ¢ vol. 0, consumed) it is

~ possible to calculate the proportion of carbohydrate
%o fat catabolised in the body, since the R.Q. of
 glucose is 1.0 and that of fat 0.707. If only

. mixtures of fat and carbohydrate were catabolised the
? R.Q. would therefore lie somewhere between these two
| values. Protein is also catabolised, however,

especially when fat reserves are low, as in the case
of the calf and a correction must be made. From

g the excretion of nitrogen in the urine, the carbon
- dioxide derived from protein catabolism is obtained

(g. urinary N x 9.35), as is the oxygen required to
oxidise this protein (g. urinary N x 8.49). By
difference from the total gas exchange, the oxygen
consumption and the carbon dioxide production are
obtained,which may be used to calculate the true non-

- protein R.Q. Using the factors given by Zuntz &

Schumburg as modified by Tusk (1931) the proportion
of fat to carbohydrate oxidised in the body may be
obtained, together with the heat production of the
animal. This method of computation has recently
been criticised (Soskin & Ievine, 1946) since reactions
other than simple total oxidation of fat and
carbohydrate are always occurring. As pointed out
by Dewar & Newton (1948-9) over long periods of time
this criticism is not valid for the intermediate side
reactions resulting in ebnormel respiratory quotient
will be cancelled out. In the present experiments

- the experimental periods were only 45 minutes in total
% duration (including preliminary periods) and abnormel
% R.Q.8 might therefore be expected. In the first

3 experiment with calf N24 the non-protein R.Q. remained
; high throughout, indicating that in the early stages

of the fast 10-12% of the heat production was arising
from complete oxidation of carbohydrate. In the
remaining experiments R.Q.s were quite normal, varying
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Wwithin small limits. On occasions, values below

0.707 were obtained, however, indicating either that
complete collection of the 002 produced was not
obtained owing to underventilation, or that momentarily
the determination had coincided with a phase of
intermediary metabolism resulting in a low apparent
R.Q. The variation from the general trend of the
R.Q. with time, however, wes within the limits of ¥
0.05.

It would appear, therefore, that the present
results may be used to compute the fat and carbohydrate
oxidised, and for reasons given above, the results of
calf N24 period 1 have been excluded as far as a
partition of the non-protein heat production is
concerned. Table 22 summarises the results of the
calculation of the materials catabolised.

TABIR 22
An estimate of the materials lost per day from the
body of the calf during starvation;

Celf 4/period 2 and Celf 5/period 1.

Constituent of body Daitg.}oss
Body weight 525
Body'fat 99 ‘ i
Body protein 54
Body carbohydrate 13
Extra-cellular water 39
Intra-cellular water 326
Total weight loss accounted |

for 531

The extra-cellular and the intra-cellular
water losses are based on the molal quantities of
sodium and potassium excreted in the urine during
fasting using the equations of Gamble, Ross & Tisdall
(1923). The table shows that by far the greatest
loss to the body is water and that most of this is
water from the cells rather than from the intercellular



spaces. The loss of extra-cellular water is small
and indicates only a slight dehydration of the animals.
The loss of body fat of nearly 100 g. per day was the
mean loss on the second day of starvation. Towards
the end of starvation, on the fourth day proportionelly
far more protein (up to 24% of the total calories in
calf N24) was lost to the body. In this respect it
has to be remembered thet not the whole of the
urinary nitrogen is necessarily a reflection on the
protein catabolism, since the endogenous loss is
included in this fraction. Thus the protein value
in Table 22 is probably too high an estimate, part of
the loss of nitrogen being of body N.P.N. compounds.
The source of catabolised protein, fat and
cerbohydrate was not determined, but it has been shown
that there is only & small loss of nucleic acid
derivatives on fasting the calf. This result may be
used to indicate the source of catabolised protein
which occurs during fasting of the calf. Davidson
(Davidson & Waymouth, 1944; Davidson, 1945) has shown
that desoxyribonucleic acid (D.N.A.) is confined to
the nucleus of the liver cells, whilst ribonucleic
acid (R.N.A.) is & constituent of the cytoplasm of
these cells, During starvation of the rat there is
& loss of nitrogen and R.N.A., which results in &
relative increase of D.N.A. of liver cells (Kosterlitsz,
1944; Davidson, 1945). The number of cell nuclei
remeins constant. Davidson (1945) has suggested that
the labile liver nitrogen is present in the liver &as
& ribonucleic-protein complex. If the large amount
of nitrogen excreted by the celf during fasting
originated from the liver, a large increase in the
excretion of purine compounds from nucleic acid
breakdown would be expected. This did not occur.
The nucleic acids of skeletal muscle do not appear to
have been studied in detail during starvation of an
enimal, but according to Schneider & Klug (1946) the
R.N.A. content of muscle cytoplasm is only one tenth
of that found in the liver cytoplasm. Whether R.N.A.
is; or is not lost from the muscles during starvation,

39.
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it seems reasonable to assume that most of the nitrogen

excreted during fasting of the celf originated from the
cytoplasm of the muscle cells. Undoubtedly, smaller
quantities also arose from the liver.

. (b) _Fasting the calf as & method for the control of
- diarrhoea.

—— ——— y S——

: From the above discussion it is clear that
 Pasting the young calf causes marked losses of its
?body protein and fat and, because of its more intense
' metabolism then the older enimel, its losses are more
Esevere (see Tables 12 and 20). A higher percentage
?of the total heat loss of the calf arises from the
%degradation of body protein than in the mature
?animal. This is in accord with the classical work
%of Voit (1901) who showed that the amount of protein
?metabolism in starvation depends on the amount of fat
in the body.  The calf has little body fat at birth
‘or in the early stages of growth (Armsby & Moulton,
11925) and the effect of starvation is therefore
iintense. If calves are affected by darrhoea and
%fasting is used as the method of control, starvation
}follows a period in which depletion of reserves has
“already occurred. Realimentation after starvation,
- if too rapid, may lead to an exacerbation of symptoms
gas shown by the behaviour of calf N¢5 during the first
iperiod of starvation. Lastly, there 1s no indication
' that following realimentation,efficiency of food
utilisation is enhanced,adthe loss in weight, body
protein and body fat can'only be restored by
establishing & higher plane of nutrition than that
existing before fasting began.
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B. THE RELATIONSHIP BETWEEN ENDOGENOUS NITROGEN AND
BASAL METABOLISM, AND THE MAINTENANCE REQUIREMENT OF
THE CALF FOR NITROGEN.

1. Introduction

! The results of the previous experiment show
that starvation results in a considerable loss of tissue
iconstitaents which are drawn upon to meet the demand of
%the body for energy. Part of the nitrogen lmt
fduring gtarvation is an inevitable loss from the body,
ésince even when an animal consumes a nitrogen-free diet
%in amounts sufficient to cover its energy requirements,
§a loss of nitrogen occurs. This is known &s the
ﬁendogenous nitrogen excretion, first characterised by
‘Folin (1905). MeCollum & Steenbock (1912) showed for
gthe pig, and Mitchell (1923-4) for the rat, that
nitrogen equilibrium could be attained when animals
%digested gufficient amounts of protein of high quality
gto provide nitrogen just sufficient to cover the
‘endogenous losses in the urine. This inevitable
éloss has therefore been considered to be a measure of
%the minimal protein requirement of an animal for
‘meintenance (Mitchell, 1926, 1929; Mclellan & Hannon
11932). It has been pointed out, however, (Blaxter &
Mitchell, 1948) that there is also an inevitable loss
of nitrogen from the faeces in the form of digestive
‘juices, cell debris etc. which must be made good by the
%animal from the feed. Thus, the endogenous faecal
nitrogen,or metabolic faecal nitrogen excretion should
‘also be included as a part of the maintenance require:

ément of an animal for protein.

E It seems reasonable that there should be a
irelationship between minimal catabolism of the
%nitrogenous cons tituents of protoplasm and the rate at
‘Which energy is liberated in the enzyme systems involved,
§as measured by the basal heat production. Palmer,
gMeans & Gamble (1914) showed that the daily excretion

of creatinine nitrogen as an index of total endogenous
nitrogen excreted daily by men and women,was proportional

to their basal metabolic rates. In men the number of



TABLE 23

Published data relating to the urinary nitrogen excretion

of cattle on nitrogen-low or nitrogen free diets.

Author quoted Weight of |Urinary Endogenous Compu’ced- Ratio o
animal nitrogen | nitrogen basal endogen:
(kg.) (g./day) (g./kg.) metabolism |ous Nbas]|
(cal./kg.)| metebolim|
(mg./kg.)
Steenbock,Nelson
& Hert (i915) 145 6.48 0.045 25.7 1.75
Honcamp, Koudelsa
% Mullér (1923) 385 16.32 0.042 14.9 2,81
Hart, Humphrey
& Morrison 117 6.33 0.0%6 23.4 1.54
(1912)
Hoteast et al 440 16.40 0.035 13.0 2.69
Buschmann (1907) 485 14.0 0.029 12.7 2.28
Hutchinson & 12,70 ,
Morris (1936) ? 20.91 0.039 13.0 2.93
Mean ratio 2.24

P
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calories per mg. of creatinine excreted was 0.98 and

for women 1.26. Terroine and Sorgmatter (1927)
showed that the ratio of mg. urinary nitrogen + faecal
nitrogen excretion on a nitrogen free diet, to calories
of basal metabolism ranged from 2.2 to 2.6. This
relationship was confirmed by Smuts (1935), who also

- showed that it applied to animals varying in size and
species, For the mouse, rat, guinea-pig, rabbit and
- pig there was a loss of 2.0 mg. urinary nitrogen for
every calorie of basal heat loss. In adult men
 lower valueS have been obtained (Bricker, Mitchell

- and Kinsman, 1945; Murlin, Edwards, Hawley and Clark,
1946) some as low as 1.4 mg. nitrogen per basal
calorie.

Few estimates of the relation-ship are
available for the ruminant; but from the results of
experiments carried out by others for other purposes
: this relationship may be calculated. The results of
| relevant experiments have been summarised by Mitchell
- (1929) and Brody (1930) and are shown in Table 23.

' The basal metabolism figures have been calculated from

equations given by Brody (1945). The mean velue of
1 2,24 is in substantial agreement with the results
- obtained for other animeals. It will be noted,

- however, that the lower values of the ratio are for
E"l:he smaller animals.

i There is little data available on the ratio in
 young animals. Sorgmatter (1928) studied the
endogenous nitrogen excretion per calorie of basal

% heat loss in rats and cockerels of various weights and
f ages, and again the ratio fell within the narrow range
of 2.20 to 2.53 mg., averaging 2.37 mg. On the

- other hand, Treichler (1939) has shown that in the

§ rat, age has a marked effect - the ratio gives a

g meximum in early maturity, with low values for the

z young and for the mature animal. There are no data
| or reliable estimates available for the young calf.

This concept of an endogenous nitrogen excretion
has more recently been criticised by Schoenheimer &

Rittenberg (1940). These workers showed that




animals gilven amino-acids labelled with isotopic
nitrogen, retained over half of the nitrogen in the
tissues, the remainder being excreted in the urine as
both 'endogenous' compounds and 'exogenous' compounds.
It was concluded that no distinction was possible
between the sndogenous and exogenous metabolism of
protein. Mitchell (Burroughs, Burroughs & Mitchell,
1940; Mitchell, 1948), however, has criticised this
conclusion and h&s suggested that the endogenous
metabolism of Folin represents the summation of
irreversible reactions involving nitrogen. Whatever
interpretation of this nitrogen excretion is made it
remains a measure of the basal and inevitable loss of
nitrogen from the body.

The following experiment was carried out to
find whether the relationship between endogenous
nitrogen and basal heat production was the same for
the very young calf as it is for other species and
older animals of the same species, It has already
been shown that the starvation metabolism of the
young calf is more than twice as intense as that
found in the mature animal, and it was important to
know whether this intense metdabolism was associated
with an equeally intense endogenous nitrogen excretion.
If the relationship between basal energy metabolism
and endogenous nitrogen excretion holds for the calf,
it would be possible to obtain an estimate of the
endogenous nitrogen excretion by determining basal
heat production - a much simpler and less time
consuming procedure than the direct determination.
Subsidiary objects in this experiment were to study
the partition of urinary nitrogen during nitrogen
inanition and to determine any changes in the faecal
nitrogen excretion.

2. Plan of the experiment

Four periods were included as follows:-
1. A preliminary period of 14 days when & medium
protein diet was given.
2, A nitrogen free period of 8 days.
3. A recovery or final period of six days on the
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same diet as used in the preliminary period.

4. A period of starvation of 24 hr. at the end of
which the basal energy metabolism was determined.

5 Details of the three Ayrshire calves which
| were used are shown in Table 24.

TABLE 24

Details of experimental calves

Calf | Age at comm: Initial| Notes Diet
Ne | encement of weight (1itres
experiment (kg.) per
{days) day)
1 40 34.2 |A thin, 5.6
poorly
nourished
calf
2 5 27.6 |Normal 2.8
3 5 33.2 |Normal 3.4

Calf N9l had already been used as an
experimental animal and had been given low calorie
diets prior to the present experiment. Calves 2 and
3 had received the general treatment of whole milk
feeding as previously detailed (p.> ).

The composition of the experimental diets is
shown in Table 25.

Composition of the experimental diets

Constituent ﬁormal diet | N-free
Ng6 diet
N9
Dried skim milk powder (g./l) 77.6 Nil
Lerd (g. / 1) 35.9 38.7
Cod-liver oil (ml. / 1.) 3.3 3.3
Glucose (g. / 1.) < | 14.8 95.0
Mineral mixture (Table 2)(g/l.) 1.3 13.0
Yeast extract (ml./calf) Nil 20
Dry matter (g. / 1.) 130 147
Gnergy value (Cal./l.)(Calculated) 740 750 ,
Nitrogen (g./1.) (by analysis) 4.6-&,8 <0.1F!
depending l
on sample I

% Magnesium supplied as the sulphate .
# Varied sligh lg %rom calf to calf (%5.6 mg.N received
in"the yedst &xtract).
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Diet 6 was prepared by the method previously

given (p. [ ) and diet 7, the nitrogen free diet, was
made by homogenising the fat directly into the glucose
solution at & temperature of 85°C. With this diet
emulsifying agents had to be used to give stable
emulsions. After considerable trial on a small
scale using sodium tauroglycocholate, cholesterol,
lecithin, sodium oleate, sodium alginate and a
proprietary preparation of sodium alkyl sulphates
separately and in combinations, the following were
found to be suitable for each 4 gallons (18 litres):-
10 g. sodium tauroglycocholate, 5 g. cholesterol and
8ml. of a saturated solution of sodium alkyl sulphates.
Failure to homogenise the diet has been shown to cause
profuse diarrhoea in the calf and a loss of hair (Bate,
Dwight & Cannon, 1946). The yeast extract (Table 25)
was prepared according to the method of MeCrae, Bl
Sadr & Sellers (1942). The diets were given to the
calves in the quentities shown in Table 24, and the
following analyses were carried out:-
Diet

Dry matter, total fat and total nitrogen (determined
on each sample).
Urine

Total nitrogen (determined every day) urea,
ammonia, creatine, creatinine, uric acid, allantoin
(determined every two days).
FPaeces

Dry matter, total ash, total nitrogen, "fat" and
soaps (determined every two days). Non-protein
nitrogen was determined on trichloroacetic acid or
alcohol extracts of fresh faeces.
3. Results
(a) General appearance and behaviour of the animals

throughout the experiment.

When diet 6 (Table 25) was given, the animals
behaved normally with the exception of calf N¢3. This
calf suffered from acute diarrhoea in the preliminary
period and was treated by reducing its food intake

and by slow realimentation over a period of four days.




In the nitrogen free period, however,
difficulties arose in persuading the calves to drink
their diet. This was not an immediate reaction -
the calves consumed the diets normally for the first
. three days. On the fourth there was a reluctance
to drink which increased throughout the remainder of

' the period. Similar disturbances of appetite on

f feeding low nitrogen diets have been observed by
. Miller (1937) and by Ferguson and Neave (1943).  All
i calves suffered from diarrhoea at times when the
f nitrogen free diet was being given. This appeared
to be due to a dietetic disturbance rather than to
bacterial infection and resulted in the calves
- becoming dull and lethargic. Slight shivering was
§ noted on several occasions, otherwise the calves were
¢ normal, and, despite the diarrhoesa, seemed content.
~ (b)_Bodyweight

! Changes in bodyweight were not regular from
weighing to weighing. This may be accounted for by

| differences in the contents of the bladder and the
digestive tract which were not minimised by weighing
at the same time every day. Table 26 shows the
mean bodyweight changes per day obtained by regression
analysis of the individual weights.

TABLE 26

Changes in bodyweight of the calves (g./day)

Period Calf N21 |Calf N22 |Calf N23
Preliminery period| + 215 + 133 - 230
N-free period - 63 + 220 - 153
Final period + 213 + 238 + 238

With the exception of calf 3 in the preliminary

period all calves gained in weight when they received
diet N26. This loss of bodyweight in calf N23 was
due to the severe diarrhoea from which it suffered.
The loss in weight of Calves 1 and 3 when receiving
the nitrogen free diet may also be explained in the

Same way.
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TABIE <!

Mean daily excretion of water and dry matter in the faeces &nd
digestibility of the dry matter ingcested by the calves.,

Calf | Preliminary [N-free period Finel period
N¢ pegiod, diet | diet N27 diet N26
N¢

Mean deily excretion of dry matter (g.)

1 32.3 122.5 49.6
2. 21.0 112.4 18.3
3. 25.2 100.0 24,7
Mean 26.2 111.6 30.9

Mean daily excretion of water (g.)

1 165 989 216
2 93 435 88
3 64 1366 87
Mean 107 930 130

Mean daily apparent digestibility of dry metter (%)

1 93.2 773 89.6
2 9% 4 73.2 95.1
3 94.3 80.4 94 .5

Mean 94.0 77.0 93.1




TABIE <o

Mean percentage composition of faecal dry matter of the calves

Gonstituent Calf N2l Calf NQ2 Calf N23
elim: N-free{Prelim: N-free |[Prelim: N~free
lnary inary inary

Dry metter in fresh faeces| 17.6 11.4 20.1 20.6 | 19.5 6.8
Ash in dry matter 21.4 8.0 14.1 7.2 | 12.9 8.9
Total fat in dry matter %35.3% 64.1 28.0 66.0 39.5 63.7
N x 6.25 in dry metter 37.1 12.6 58.4 10.2 | 47.2 | 12.7
Residusal meteriel, i.e. =

Hearbohydrate ! ’ 6.2 15.2 -0,.,5 10.2 0.3 16.7
Fat present as soaps
N present a8 non-protein

% This enimal had access to sawdust bedding for two days before

the preliminary period began.

Some wes eaten and small

quentities appeared in the faeces during the first 4 days of

the preliminary period.




TABIE 29

Mean composition of the faeces of the calves and the digestibility

of the diet given in the preliminary period and in the nitrogen

free period.

Preliminary| N—free!l Difference Signifi:
period diet| period cance
N26 diet
Ne7
Ash in dry faeces (%) 16.1 8.0 | 8.1 2,76 N.S.
Pat in dry faeces (%) 34.3 64.6 |30.3 X 4.04 P<£0.02
N in dry feeces (%) 7.6 1.9 | 5.7t 1.10 P<0.05
Residual 'carbohy: +
oot 2.0 15.5 [13.5 % 2.38 P<0.01
Fat excreted (g.) 10.5 74.9 [64.4 t 1.75 P«0.01
Apparent digestibil:
itgx of dietary fat 91.7 44.9 |46.8 T 3,56 P£0.01
(% |
Energy excreted in + 4
faeces (cal./day) 172 844 672 = 36.9 " P<0.01
pparent digestibil:
ity' of dietary 92.9 66.5 |26.4 t 2,52 P£0.01
energy (%)

N.S.: not significant




(c) Digestibility of the diets.

Table 27 summarises the data relating to
daecal water and dry matter excretion, together with
the apperent digestibility of the dry matter. Although
the day to day variation in faecal excretion of dry
matter and particularly water was high, it is clear
that there was a large increase in excretion when the
calves were given the nitrogen-free diet. Analysis
of variance showed that, statistically, the increase
in water and dry matter excretion of the total diet
and the fall in the digestibility were highly
significant (P = 0.001).

(3) Composition of the faecal dry matter.

The unweighted mean composition of the faeces
of each calf is shown in Table 28 while Table 29
summarises the statistical significance of the changes
which occurred in percentage composition. It will
be noticed that large and significant changes occurred
in the fat content and the nitrogen content of faeces
. When the nitrogen-free diet was given, and that the
increase in the residual matter, which was presumably
. carbohydrate, was highly significant. Since the dry
. matter excretion increased during the nitrogen-free
 period it is clear that the total daily excretion of
~ fat and fat digestibility showed large changes. These
- are shown in the lower part of Table 29. Total fat
? excretion increased by seven times when there was no
' nitrogen given in the diet, and the digestibility of
- dietary fat dropped to less than half the normal value.
§ The inerease in dry matter excretion was therefore
? largely due to a decrease in fat absorption since 75%
f of the increased faecal dry matter excretion consisted
§ of fat. Although there was a decrease in the
§ percentage of soaps in the dry matter (Table 28) the
. amount of soaps excreted in g. / day, when the nitrogen
§ free diet was given, was double that of the preliminary
period. This suggests that absorption of fat is at
fault rather than digestion of fat - probably due to &

rapid passage of diet through the digestive tract.




TABIE 39

Nitrogen balance results for the calves (g. / day)

Calf N2l Galf N22 Calf Ng3 " Mean
Inteke | 15.86 12,34 15.%1 14.50 |
Paeces |
Preliminary | excretioni 1.35 2.02 2.17 1.81
ﬁiglod diet Urine
= excretion| 7.87 6.69 9.42 7.99
Balance +6.74 +3.62 +3.72 +4.70
Intake 0.04 0.04 0.04 0.04
Sxperimental 522523 n| 2.45 1.76 2.08 2.10
veriod N-fiee 10 52 -t * '
dist N2 Urine ,
excretion 2.99 2.24 2.52 2.58
Intake 15.13% 11.77 14.29 13.73
. Facces ' '
Final g
period diet excretion 2.49 1.15 1.49 1.71
Ng6 Urine .
excretion | 9.42 5.90 7.93 T.75
Balance +4.72 +4 .87 +4.27

+3.22




This may have been caused in some measure by the large
quantities of glucose which were present in the diet
(see page 80). Whatever the cause, this large
guantity of fat in the faeces implies a considerable
reduction in the number of calories available to the

- animal. The faecal calories and the 'digestibility!

of the ingested calories were calculated from the data
on food and faeces composition, using factors of 9.1
cal. / g. for fat, 4.0 for carbohydrate and 5.6 for
protein (N x 6.25). These results are also shown in
Table 29, and their importance is discussed later

(page »3).

(e) Nitrogen balance, metabolic faecal nitrogen and

endogenous urinary nitrogen.

Statistical analysis of the nitrogen balance
results which may be seen in Table 30 showed that there
was no significant change in faecal nitrogen excretion,

- but that there was a highly significant (P = 0.01)

change in urinary nitrogen excretion when the nitrogen-
free diet was given.

Ag previously stated the nitrogen excreted in

the faeces, when a nitrogen-free diet is given, is
~known as the metabolic faecal nitrogen. With rats

- and pigs, Schneider (1934, 1935) showed that metabolic
- faecal nitrogen could be divided into two fractions;
& digestive fraction which varied directly with the

quantity of dry matter consumed and a constant fraction
which was probably of true excretory origin. In
ruminants the metabolic faecal nitrogen is approximately
0.5 g. per 100 g. dry matter consumed (Blexter &

 Mitchell, 1948) a value which is about five times as

great as that observed for rats or man. This
difference between ruminents and non-ruminants has

- been regarded as entirely due to the higher fibre
“content of the ruminant's diets since large quantities
~of fibre in the diet of the rat increased metabolic

faecal nitrogen (Mitchell, 1926). It would therefore
be expected that milk-fed calves would give much lower

values than those obtained for the adult ruminant,
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When, however, the nitrogen excretion during the
nitrogen-free period was reluted to the dry matter
intake of these calves, values of 0.45, 0.42 and 0.41lg.
per 100 g.‘dry matter ingested were obtained, values
 well within the range of those quoted by workers with

% adult ruminants. These results might suggest that

i there is & true species difference which is established
- at an early age. £ more probable explanation,
 however, is that the digestibility of the dry matter
of the diet influences metabolic faecal nitrogen

§ excretion. This contention is supported firstly,
by the fact that the nitrogen excretionpf the calves
was, on the average, higher during the nitrogen-free
period than in the periods of normal feeding when the
digestibility of the total diet was high. secondly,
Mukherjee (1946), working with Indian bullocks, has
shown that the metabolic faecal nitrogen excretion is
more closely related to dry matter excretion than to
dry matter inteake. Thus, it is probable that the
metabolic faecal nitrogen excreted by the calf is in
proportion to the dry matter excretion, which was high
during the time that the nitrogen-free diet was given.
From Table 27 and Table 30 the metabolic faecal nitrogen
| excretion was 1.9 g. / 100 g. dry matter excreted.

The distribution of nitrogen in the faeces
excreted on feeding nitrogen-free diets was completely
different from that produced on normal diets. As
shown in Table 28, the W.P.N. content of the faeces was
very small, and in fact was &bsent from some faeces
Samples. Selected faeces samples also showed other
main differences. There were no nitrogenous
substances extracted by 10% sodium chloride solution,
compared with 40% of the nitrogenous substances so
extracted during the preliminary period. Water
soluble substances which were heat coagulable were not
produced when the nitrogen-free diet was given although
10% of the faecal nitrogen was contained in heat
coagulable substances during the preliminery period.
Only 30% of the faecal nitrégenous compounds excreted

when no nitrogen was being received by the calves weas
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TABIE 31

Mean daily excretion of nitrogen in different nitrogenous metabolites in the urine of the calves

olite Preliminary period diet Experimental period N- Pinal period diet N26 |Statistical
/dey) N26 free diet N27 _ significance of
ay change during N-
Celf |Calf |Celf |[Mean Calf |Calf |[Calf |Mean Calf |Calf [Calf |[Mean |free period
JUER Ng2 N23 N2l Neg2 N-E-’.3 Nel | Ng2 Ng3
4.55 |4.20 |5.35 [|4.70 1.04 11.02 §1.07 |1.04  6.38 |3.66 }4.95 |5.00 P« 0,01
0.98 |0.68 |1.82 |1.16 0.34 }0.21 |0.46° |0.34 * 1.12 {0.76 {0.65 0.84 P~<0.05
and 5.54 |4.88 |7.17 |5.87 | 1.39 |1.22 |1.53 [1.38  7.50 |4.41 [5.60 |5.84 | P<0.01
2t ine 0.248 1 0.221 {0.189 |0.219 | 0.221 {0.025 {0.063 | 0.103 0.139)0.112 {0.173 j0.144 P<0.05
0.%46 ] 0.%42 |0.454 | 0.380 0.221 {0.3%44 (0.392 | 0.319 0.354 {0.257 0.384 |0.332 | N.S.
0.050 { 0.029 | 0.054 {0.045 0.048 10.028 {0.047 | 0.041 20.069 0.026 [0.086 |0.060 N.S.
0.811 | 0.575 | 0.746 |0.711 see text see text




soluble in N/10 sodium hydroxide, compared with 60%
during normal feeding. This insolubility of faecal
nitrogen must indicate that it is present either as
compounds which are insoluble in, or compounds which
are protected from the solvents in some way. This
insoluble fraction may therefore consist of bacterial
nitrogen, perhaps with some nitrogen from cell debris
of the digestive tract. Thus, fueces excreted by the
calves which received the nitrogen-free diet possibly
consisted mostly of these fractions.

The urinary nitrogen excretion when the
nitrogen-free diet was given represents the endogenous
nitrogen excretion of the calf. The results are
shown graphically in Pigure 10. It will be noted
that minimum constant levels of urinary nitrogen were
reached within two days. The interpretation of
this will be discussed later,

The negative nitrogen balances during the
period of nitrogen inunition were approximately related
to the body size of the calves. ﬁuring the period
of diarrhoea in Calf N23, the loss of nitrogen from
the body per day weas 13.5 g. despite the fact that
food intake was only reduced to 67% over the period
concerned. This loss indicates that protein was
broken down for =nergy purposes, and shows that the
calf has a very high reguirement for calories.

(£f) Distribution of urinary nitrogen

The distribution of urinary nitrogen for esach
calf is summarised in Table 31. It will be noted
that the data relating to allantoin N are not complete.
The method of ZLarson (19%2) was used to determine
allantoin during the preliminary period, and when this
method was applied to urines excreted during the
nitrogen~free feeding period, the method gave
extremely high values - in fact the residual nitrogen
fraction became greatly negative. Interference
wag traced to large quantities of reducing sugar
present in the urine, which were not removed by the
phospho~-tungstic acid precipitetion used. Stored
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Respiratory metabolism of the calves

TABIE 32

Variable measured Galf N2l Calf No2 Calf N23
Determination [Determination {Determination
Ne N2 Ng
1 2 1 2 1 2

Environmental o

temperature (°F) 73 72 68 68 64 61
Respiratory

rate /min. 16.8 15.5 16.0 14.8 19.4 18.5
Minute volume of

respiration (1) 4.52 4.59 | 3.88| 2.98 3.98 | 4.23
Tidal air (ml.) 269 309 243 201 205 229
Oxygen consumed

(1. /nr.) 13.17 12.69 | 10.70 { 10.27 13.06 {12.96
Carbon dioxide :

produced (1./hr.); 9.80 9.43 | 7.95{ 7.21 9.67 | 9.13
R.Q. 0.74 0.74 0.74 0.71 0.74 0.71
Heat production

(Cal./24 hr.) 1495 1440 1214 1155 1481 1457
Heat production

(Cal./kg./24 hr.)| 42.7 41.2 43,1 41.0 45.9 45.1
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samples of urine were later analysed for allantoin by

the method of Young & Conway (1942) and results were
obtained which agreed with those values obtained in the
preliminary period using Learson's method. The
urinary excretion of sugar during the nitrogen-free
period was probably an alimentary glycosuria comparable
to the lactosuria noted in calves by Rojas, Schweigert
& Rupel (1948). The concentration of sugar
estimated by Benedict's method rose to over 2%. During
the nitrogen-free period, the urine volume declined and
the specific gravity rose- no doubt a reflection of the
high faecal water loss at this time. In the last
column of Table 31 the statistical significance of the
mean changes in nitrogen distribution as a result of
feeding the nitrogen-free diet are given. The fall
in total nitrogen excretion was due almost entirely to
a fall in the excretion of urea and ammonia with &
smaller decline in the creatine elimination. Creatinine
elimination was not significantly changed, nor was the
excretion of uric acid. As mentioned above, there
did not appear to be any marked change in the allantoin
excretion whedprotein was excluded from the diet.

(g)_Besal metabolism

Results of duplicate determinations of oxygen
consumption and carbon dioxide production are given in
- Table 32. The agreement between duplicate determin:
ations was again close and analysis of variance of the
~data showed that the coefficient of variation of heat
iproduction was less than 4%. These results confirm
- the intensity of metabolism which is found in the
éyoung calf, since when compared with the estimates of
éBrody (1945) for the adult (see Table 23) the basal
metabolism of these calves per kg. of bodyweight is
étwice that found at maturity.

4. Discussion
(&) The relationship between endogenous nitrogen
excretion and besal metabolism

Before any relationship between endogenous
nitrogen excretion and basal metabolism can be cealculated,




it 1s necessary to assess the validity of the

determinations.

The conditions under which the determination

of baseal metubolism was carried out are compared below
with the ideal conditions usuwally given for the
determination of basal metabolism in man.

1.

Relgxation prior to and during measurement.
Musculear repose was maintained throughout the
determinations and the animals were allowed 15 min.
to accustom themselves to the procedure before an
actual determination was made.

Post-absorptive state.

Since there was & linear decline in basal metabolism
with time (see page 33), it was considered that a
most accurate estimate of basal metabolism would be
obtained &s soon after the post-absorptive state
had been rewuched s possible, and yet 1t was
necessary to be sure thet this state had been
attained. Twenty-four hours after feeding was
chosen as the most sultable time.

Good nutritive condition - especially as regards
energy and protein. The calves may be regarded
as having been in good nutritive condition, since
they were gaining in bodyweight at a rate of over
200 g. / day.

Bnvironmental temperature of about 779?.

The environmental temperatures during the
determination of basal metabolism are given in
Table 32 from which it will be seen that the
temperature at the time of the determinations was
generally lower than 77°F. This may have had
some effect on the results since the metabolism of
calf N23 was higher than that of the other calves,and
the environmental temperature was lower.

£ reliable estimation of endogenous nitrogen is
obtained when the following conditions are maintained:

l.

Previous feeding with & diet not containing excess
protein.

The experimental diet used during the preliminary
period contained 20% of the dry matter as protein,



TABIE 33

Relation between the basal metebolism of the calves and their

endogenous nitrogen metabolism.

Calf Weight |Endogenous nitrogen | Basal metabdlism |Ratio mg.
N2 (kg.) metabolism N/Cal.

(-/8ay) |(e. /ig/ae)|Ged Aad ol . fea/
1 35.7 2.99 85.8 1467 41.9 2,00
2 27.8 2.24 80.8 1185 42.0 1.93
3 31.0 2.52 81.0 1469 45.5 1.78
Mean 31.5 - 81.9 — |43 1.90%0.07
Expectad
values in
mature '
bnimals %1.5 - —— 55.6 S 28.1 i
(Brody, ’
1945
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compared with &bout 27% for whole milk. The result
would only be affected if the tissues were saturated
with labile nitrogen compounds immediately before the
determination of the endogenous nitrogen excretion.
This condition is unlikely to occur in a growing animal.
2. A diet adequate in energy.

Calculations of the metabolisable energy available
to the animals from anelyticel data on urine and
faeces in all cases gave values which were above the
directly determined basal energy metabolism, and
provided the heat increment of the diet is small - a
reasonable assumption in en animal not coaverting a
large portion of its dietary carbohydrate to lower
fatty acids - these intakes of metabolisable energy
gshould have been sufficient to meet basal regquirements.
A further point is, that with two of the calves,
creatine disappeared completely from the urine by
the end of the period while in the other it reached
a very low level. It would appear that these
nitrogen excretions are truly endogenous, and the
figures may therefore be used for the calculation
of the ratio - mg. N per basal calorie of heat
production. B
The endogenous nitrogen metabolism of the
calves and their basal metabolism are shown in Table
33. The results suggest that the ratio of
approximately 2 mg. nitrogen per basal calorie of heat
production wes the same in the calf as in mature
animals of the same and different species. The table
also shows the endogenous nitrogen and basal metabolism
of mature animals of different species cealculated for
the same mean body weight as the experimental calves
from the equations given by Brody (1945). It will
be seen that the endogenous nitrogen metabolism of the
young calf was far more intense per kg. of bodyweight
than & mature animal of the same size or of the same
species (compare Table 23). As previously shown,
the same was true of the basal energy metabolism, so
that the ratio of the one to the other appears to be

the same in the young calf as in mature animals of



various species.

(@l The maintenence reyuirement of the calf for nitrogen

Table 3% shows that the mean endogenous nitrogen

- in mg. / kg. / day was 82, The metabolic faecal
nitrogen (Page 4Y) was 1.9 g. / 100 g. dry matter
excreted. These figures represent the inevitable

" loss of nitrogen which occurs from the body of the

calf, and this loss is therefore considered to be the
maintenance reguirement of the animel in terms of

- metaboliseble nitrogen (Blexter & Mitchell, 1948;

Lofgreen, Loosli & Maynard, 1951).

The mean loss of nitrogen during starvation

- was found to be 259 ng. / kg. bodyweight . Thus 32%

of the nitrogen lost during starvation was an
inevitable loss of endogenous nitrogen and the
difference, 259 - 82 = 177 mg. nitrogen / kg. body-
weight is the nitrogen from body protein catabolised
for energy purposes.
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55.
C. MBEASUREMENT OF 'PHOTBEIN QUALITY' POR THE YOUNG CALF

P d

1. Introduction

In the 19th century, it was considered that

- protein nutrition was essentially one of nitrogen

- nutrition. However, in 18%2, Ldwards & Balzac showed
that a ration of bread and gelatin was insufficient for
~the nutrition of the dog, whereas one of bread, gelatin
and a small amount of meat Soup was sufficient for
normal health. Also, in nitrogen balance experiments
Voit (1872) showed thet gelatin would not take the

3 place of meat in the ration of a dog. These
éexperiments led to the recognition that there was not

- one minimum protein reguirement but that the requirement
Edepended on the nature of the protein.

The classical studies of (Osborne & Mendel on
the nutritive value of purified proteins showed that

- when the intake of a protein was small, the efficiency

of its utilization was limited because of relative
shortages of one or more essential amino-acids. This
remeains the basis of current ideas on the nutritive

- value of proteins. The body reguires a mixture of

'essential amino-acids (those it cannot itself synthesise)

;in certain definite proportions to replace the loss of

ibdth endogenous and metabolic faecal nitrogen and also

for growth and production (milk,eggs). The nitrogen

' required for & given function then, is fixed and the

%amount of digested food protein which will satisfy the
_requirement veries according to its amino-acid content.

' No protein contains exactly the right mixture of amino-

acids for a particular function except possibly those

' of dried whole egg for the growth of the rai and thus
a portion of the amino-acids absorbed from the digested
protein will not be reguired by the body. These will
;be deaminated and the carbon fragments utilised as a
§30urce of energy. The fewer amino-acids which are
'wasted' in this way, the higher will be the quality

of the protein,

Of the methods which have been proposed to
determine the quality of proteins in nutrition, two are
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used extensively:-

(a) The Protein efficisncy ratio. This is the
number of greams of bodyweight gain for every gram of
protein consumed. The originel method of Osborne,
Mendel & Ferry (1919) using progressively increasing
percentages of the test protein has been modified, and
most workers now test the protein at a constant level,
usually 10% of the diet. Determinations of protein
efficiency ratios have been criticised by Mitchell
(1944). The main points in his criticism are as
follows:-

(i) The differences between the proteins are
exaggerated. Peeding in this method is ad libitum
and the better the protein, the more food is eaten,
but the greater the amount of food eaten, the
higher becomes the ratio.

(ii) No account is teken of the digestibility of the
protein. It is therefore impossible to conclude
from the results why one protein is better than
another.

(iii) It is assumed that bodyweight growth is of
constant composition regardless of the ration on

which it was obtained. This is, in fact not
the case, as the work in this thesis will later
show.

(b) The Biological value of & protein determined by

nitrogen balance methods is the number of grams of

nitrogen stored for every 100 g. of nitrogen absorbed.

(Mitchell, 1923-4). This procedure also yields

data on metabolic utilisation and digestibility.

The results are affected if -

(1) the experimental period is not long enough to
obtain a true estimate of nitrogen balance and

the pre-experimental period is not long enough to
ensure that equilibrium is obtained with the diet.
(ii) By far the most important influence on the
result is the percentage of protein in the diet
(Mitchell, 1923-4; Mitchell & Beadles, 1926-T;
Heamilton, 1938). Figure 11 shows the results
obteined by Hamilton (1938) on rats fed differing
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percentages of protein when the source of protein
was dried whole egg. Dried egg has a very high
biological value in the rat when fed at the 8% level.
This graph also includes results computed from
nitrogen balance data obtained during experiments
A and B in the present work. For this purpose
endogenous nitrogen excretion was estimated by
using the factor of 80 mg. endogenous nitrogen per
kg. of bodyweight, while metabolic faecal nitrogen
was calculated using the factor of 2.0 g. metabolic
faecal nitrogen / 100 g. dry matter excreted., It
is of interest that the values for the biological
value of the proteins of dried skim milk in the
calf almost coincide at lower levels of N inteake
with those for rats given whole egg. In growing
rats the biologicel wvaluve of the proteins of dried
skim milk is epproximately 84 (Fairbanks and Mitchell,
1935; Sumner 1938; Swaminathan, 1937 a,b; Henry,
Houston, Kon & Osborne, 1939; Henry, Kon, Iea &
White, 1948). In these experiments with young
rats the level of protein was 8%, whilst in adults
percentages as low as 4-5 were used. It is
therefore clear from Figure 11 that maximum
biological values of the dried skim milk were not
obtained withn calves since the level of protein was
too high. Only when the protein content of the
diet is such that the demand by the tissues for
amino-acids is greater than the supply will meximum
biological values be obtained. This inevitably
entails partial protein deficiency in the animal
and a rate of growth which is lower than normal.

Bxperiments designed to study the biological
%Value of dietary oprotein in the calf during the first
few weeks of 1life do not appear to have been conducted,
and information regarding the protein content of the
diet which would render such experiments critical is
not available. Preliminary observations have been
presented, and, to obtain further information, & series
of nitrogen balances were determined on calves given

diets conteining varying percentages of protein.



TABIE 54

Composition of the experimental diets

Constituent Diet N2
9 11 10
Dried skim milk (g./1.)| 83.9 69.7 55.5
Lard, pure (g./1.) 41.8 41.9 42.1
Cod-liver oil (ml./1.) 3.3 3.3 3.3
Glucose (g./1.) - - 15.4 30.8
Minerel mixture (g./1.)| - - 1.7 3.3
Iecithin (g./1.) - - 0.05 0.1
Calculated composition
Calories/l. 772 744 716
Fat (%) 4.6 4.6 4.6
Protein in dry |
matter (%) 22,0 18.0 14.0
Protein calories
as percentage of 20.5 - 17.0 13.5

total calories




TABLE 52

Arrangement of balance experiments and animals used

Diet Calf NQ
Type and Ngv Amount given
(1./dey)
High protein 9 2.4 11
2,6 12
3.8
4.2 8
Medium-protein 3.4 11
t 5.8 8
4.2 9
6.0 9
9.0 9
Low-protein 10 2.4 12
2,6 ‘ 11
3.8 9
4.2 T
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2. Plan of experiment to determine factors affecting
the biological value of protein for the calf.

Five calves were used and at least one
nitrogen balance was determined on each.
| The composition of the diets used is shown in
 Table 54 and some details of the experiments completed
are shown in Table 35. The following determinations
. were carried out :-
| Diet

Total nitrogen, total fat and dry matter
(determined on each sample).
Urine

Total nitrogen (determined every day).
% Faeces

Total nitrogen, dry matter, ash and 'fat!
(determined every two days).

The results of the series of thirteen
experiments, each lasting 12 days, permitted several
direct compéarisons of one diet with another. Resalts‘
with very high intekes of diets N2 9 and 10 were not,
: however, obtained and the results with diet N211l are
therefore treated separately.

3, Results
(a) General observations

It will be seen froam Table 35 that the diets
contained 4.6% of fat which is higher that that
previously used. When these diets were substituted
. for whole milk in the usual menner all the animals
guffered froam profuse 'scouring'. Water was given
for a short time and the animals were gradually
accustomed to the diets over a period of ten days
- before the experiment commenced. It was concluded
. that the calf was unable to assimilate such large
quantities of fat when only a few days old.

A8 the experiment progressed some of the
animals became ill, showing symptoms which are
described elsewhere (Blaxter, Watts & Wood, 1951).
The nitrogen balance results of affected animals are

not included here.




TABLE 36

Apparent digestibility for calves of diets Nos.9 (high protein)
and 10 (low protein) at four levels of intake.

Amount Dry matter Total fat Total N
given Diet N29 Diet N210jDiet N29 Diet N210 |Diet N29 Diet N0
(1./4ay) | (A (%) (%) (%) (%) (%)
2.4 9%.1 86.8 89.6 81.5 . 87.8 64.6
2.6 95.7 90.8 96.3 86.9 91.3 84.0
3.8 92.9 91.5 92.4 87.7 - 86.2 82,6
4.2 9%.8 95.1 91.9 | 91.6 91.7 91.5
Mean 93%.9 9l.1 92.6 86.9 89.3% 80.7
Mean difference
with itg stand: + + +
ard error 2.8%=1.73% 5.63=2,3%4 8.58=5,08
(three degrees '
of freedom)




(b) Digestibility of the diets.

Table 36 summarises the data obtained on the
digestibility of the total dry matter, fat and total
nitrogen of diet W29 (high protein) and of diet Ngl0
(low protein). The meen digestibility of the dry
matter, fat and protein tended to be higher when the

‘diet high in protein was given. Statistical anelysis
~of these results showed, however, that the differences
were not significent. Table 37 summarises the
results when diet N1l (medium protein) was given.

TABLE 37

Apparent digestibility for calves of the medium-protein
diet (Ngll) at five levels of intake. '

Amount given |Dry matter | Total fat |Total N
(1./ day) (7 (#) (A
3.4 90.9 87.9 86.0
3.8 93.0 86.9 87.2
4,2 97.3 96.7 94.5
6.0 96.6 95 .7 92.3
9.0 96.5 95.6 9% .1

| It shows that the apparent digestibility of the
%total nitrogen declined at the lowest levels of intake.
@This conclusion may also be made from the results with
the low protein diet given in Table 36. The
%percentage of nitrogen in the faeces tended to decline
éwith increasing intake, but this was not statistically
Esignificant. Differences between the diets in
%percentage of nitrogen in the faecal dry matter were,
ihowever, statistically significant. The percentage
' of nitrogen in the dry faeces may be related to the

- percentage of protein in the diet by the eguation
N in dry faeces = 1.2 - 0.3 P, |
"Where P is the percentage of the total dietary calories
present as protein. The intercept of this equation
Should represent the percentage nitrogen in the faeces

when there is no nitrogen in the diet, that is the



TABLE 38

Nitrogen balances of the calves (y./day)

Diet Intake Excretion Balance
%iven
1./dey) Faeces Urine
Diet N29 (high-protein)
2.4 11048 1040 7063 + 2045
2.6 13.23 1.15 7.85 + 4.23
3.4 — — - - - - -
3.8 18.19 2.51 8.46 + 7.22
Diet N211 (medium-protein)
3.4 13.77 1.93 6.17 + 5.67
3.8 15.48 1.98 T.14 + 6.36
4.2 17.80 0.99 6.82 + 9.99
6.0 24 .18 1.63 " 8.22 +14 .34
9.0 37.68 2.21 11.47 4+23.99
Diet N210 (low-protein)
2.4 7.69 2.73 5.76 - 0.80
2.6 8.62 1.66 4.46 + 2.50
3.8 12.20 2.11 3.97 4+ 6,11
4.2 12.61 1.07 4.61 4 6.93




metabolic faecel nitrogen. The value of 1.2 g. /
100 g. faecal dry matter differs from the value of

1.9 g. as directly determined (page 49). The errors
involved, especially the assumption of linearity of
the regression are, however, large and it is doubtful
whether the difference is in fact real. From the
variability of the nitrogen excretion in the faeces of
these calves ranging from 0.99 g. by calf N29 ingesting
4.2 litres of the medium protein diet N21l, to 2.73 g.
by calf N2l2 ingesting 2.4 litres of the low protein
diet N210, it is clear that in the young calf nitrogen
excretion in the faeces is not so constant as it is in
cattle and sheep given standard rations. This is
largely due to varying degrees of alimentary disturbance
in calves ranging from acute diarrhoea, when up to 60%
of the ingested nitrogen appears in the faeces, %o
mild digestive upsets, and it would appear that these
digestive upsets are sufficient to prevent the
demonstration of even comparatively large differences
in the digestibility of the diets unless many calves
are used,

(¢) Urinary nitrogen and nitrogen balance

Table 38 summarises the nitrogen balance data.
This table shows that for each diet an increase in the
amount ingested was associated with relatively little
change in the urinary excretion of nitrogen, but with
a marked change in nitrogen balance. The relation
between the inteke of nitrogen expressed as apparently
digested nitrogen and the urinary nitrogen was examined
by analysis of covariance. The observation on the
animal in negative nitrogen bulance when receiving the
low protein diet was omitted. The anslysis of
variance is given in Table 39.

The mean regression between urine nitrogen
excretion and apparently digested nitrogen was very
highly significant and there were no statistically
significant differences from this mean regression due
to the protein percentage of the diet. There was,
however, a large difference between the urinary



TABLE 39

Analysis of variance of the urinary nitrogen excretion of the
calves expressed in g. / day, including the covariance of
urinary nitrogen on apparently digested nitrogen.

Component Degrees of [Estimated |Variance
freedom variance ratio (e2z)
Joint regression of —
urinary N on apparent: 1 17.252 103.7
ly digested N intake
Differences between :
regressions z 0.035 N.5.
Differences between %%
means 2 T.433 44.6
Error 5 0.166 —_—
Total 10 — —

-xx%% Significant at P<0.001
N.S.: not significant



TABLE 40

Anelysis of variance of the nitrogen balances of the calves
expressed in g. / day , including the covariance of nitrogen
balance on the nitrogen apparently digested.

Component Degrees of | Estimated Variaﬁce
freedom variance ratio(e2z)

Joint regression of N p—
balance on apparently 1 269.253 636.6
digested N.

Differences between ,
regressions 2 1.447 N.S.
Differences between X
TeEns 2 5.061 12.0
Error , 6 0.423 —
Total 11 ——— —_——
%xx%% Significant at P 0.001 X Significant at P 0.05

N.S5.: not significant
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nitrogen excretion of the calves on the low, medium and

high protein diets at the same level of intake. The
three equations relating urinary nitrogen to apparently
digested nitrogen were:-

UNg = 0.21 ADNy + 5.30 ceee. (18)
UNM -': 0.21 .['Q)NM + 3071 LRI (lb)
UNL = 0.21 ADNL + 2.13 eeeee (1)

where UN represents urinary nitrogen excretion in g. pér
day, ADN the apparently digested nitrogen and the
subscripts H, M and I refer to the high-, medium-, and
‘low protein diets. |
The intercepts, 5.30, 3.71 and 213 represent the
urinary nitrogen excretion when no nitrogen was given.
These values do not represent the endogenous excretion
of nitrogen since if +the calves received no nitrogen
with these particular diets they would not be receiving
-any diet at all, and therefore the urine nitrogen would
‘reach the high value found during starvation. These
regressions therefore cannot ve linear, especially in
;the region of negative nitrogen balance. As the
‘data used in the present study were all obbained in the
‘region of positive balance, however, it is possible
. that the intercepts represent both an endogenous
%component and a constant 'basal deamination component',
?that is an amount of urinary nitrogen reflecting the
ihigher amount of deamination that occurs on diets high
fin protein. This quantity should be independent of
;the dietary source of nitrogene.
? The nitrogen bslances were related to the
gnitrogen apparently digested in a similar analysis of
?variance, presented in Table 40. In this instance
@the date for the animal in negative balance were
included. The differences between the individual
‘regressions were not significant but the mean
‘differences between the intercepts of the eguation were
Significant. This is in agreement with the results
obtained for urinary nitrogen, despite the inclusion
of the one value in which the calf was in negative
balance. The eqguations relating nitrogen balance



TABLE 41

Storage of body nitrogen by the calves following ingestion

of different amounts of nitrogen in diets with high, low and

medium levels of protein (g. / day).

Type of diet

Storage of N when equal
quantities of apparently
digested N are given

Storage of N when
equal quantities of
energy are given

Nitrogen given

Gross energy given

10 g. 20 g. 2500 cal. | 3500 cel
Low protein 5.00 13.13 4.59 7.68
Medium protein 4.01 12.04 5.53% 9.43
High protein 2.51 10.64 6.16 10.88




to apparently digested nitrogen were;:-

NBh’I - O -81 .A.D].\TM - 4022 e s e 00 (2b)
NBIJ = 0081 .ADNL - 3013 cese s (20)

where NB represents nitrogen balance in g. per day and
the other terms have the same significance as in
equation 1.

When the observation on the animal in negative
- nitrogen balance was omitted the regression coefficient
of nitrogen belance on nitrogen intake apparently dig:
ested was 0.79 and the values for the intercept -~

5.30, = 3.71 and - 2.3, that is the same as for the
equation relating UN to ADN, except that the signs are
changed. The equations based on all the data, however,
~ have been used in the following calculations, as the
justification for discarding the point which did not

. £it, caanot be tested at the present time.

t From eguations 2a, 2b and 2¢ the results in

i Teble 41 were calculated, They show that if equal

: qaantitieqbf gross energy are supplied, the storage

of nitrogen falla as the protein content of the diet
 1s reduced. For equal amounts of nitrogen digested,

g however, the storage of nitrogen increases with

| decreasing protein content of the diet. This

means that if a protein~free supplement is added to a

. besal diet, nitrogen retention will increase, the
effect being to reduce the 'basal deamination component'®
associated with the higher protein content of the basal
diet. - These relationships can be inferred from the
data of Table 38, where compurisons can be made :
- between animals receiving the sane quantity of diets

% high or low in protein.

The bodyweight gains of the calves reflect
these differences in nitrogen retention. Thus in the
three calves given 3.8 litres of each of the three
diets, the daily guains in bodyweight were 360, 305 and
229 g, for the high-, medium- and low-protein diets
respectively. In the calves given 2.6 litres of the
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high- or the low-protein diet, the daily gains were
155 and 54 g. respectively, whereas with only 2.4
litres the celf on the low-protein diet lost 46 g. daily
and the calf given the high protein diet gained 18 g.

%For approximately equal intakes of energy, gains were

'smeller when the diets contained less protein.

A comparison of bodyweight gains at equivalent

%protein intekes, irrespective of total calorie intake,

jcan similarly be made. Calf N212 ingesting 2.6
litres of diet N29 was ingesting about the same quentity
' of protein as Calf Ngll ingesting 3.4 litres of diet

Nell, and celf N29 ingesting 3.8 litres of diet N210.
The daily geains in weight were 155, 275 and 305
respectively. Similarly the calf ingesting 3.8
litres of diet N29 gained %60 g. and the calf ingesting
4.2 litres of diet N211 gained 455 g. The inteke of
nitrogen of both animals was about the same. The
bodyweight gains, however, are subject to greater

'errors of estimation thean are the nitrogen balances.

(d) Biological values of the ingested protein

The biologiceal value of a protein, as defined

by Mitchell (1923-4), is given by the equation

B.V. = 100 x

NI - (UN — EN ) - (BN - MN
L §g — ] : MN§ Voot (3a)

Where NI = nitrogen inteke, UN = urinary nitrogen
excretion, BN = endogenous nitrogen excretion, FN =
faecal nitrogen excretion, MN = metabolic component of
the faecal nitrogen, and BV = biological value. This

iequation may be re-arranged by substituting the nitrogen
balence (NB) for the necessary terms in the numeretor

of the equation and replacing the term (NI - FN) by the

.term ADN (apparently digested nitrogen). This gives

- the modification:-

_ EN + MN 4 NB
BV = 100 x ‘Eﬁﬁf$7ﬁ§"‘ eee  (3D)

?It has already been shown that the nitrogen balance may
'be related to the amount of apparently digested

nitrogen by a simple linear equation, (see equations
2a, 2b and 2c). The biological value as defined by
Mitehell (1923-4) can thus be determined by substituting



in the equation above, the linear equation relating ADN
to NB. It is also necessary to include velues for
the excretion of metabolic faecal nitrogen. For the
moment these may be regarded as constants of 2.5 and
§0.6 g. nitrogen respectively.

, The biological value of the proteins of dried
 skim milk for the calf can thus be estimated from the
%equation:-

BV = 100 x ADN + 0.6 yor (4

§where X represents the intercept of the regression on
;the nitrogen balance axis. From this egquation it
fis clear that the biological value will depend on the
;intercept which has been shown to be related to the
protein content of the diet. It will also be
édetermined by the amount of apparently digested
gnitrogen taken in, the biological value being greater
%when more nitrogen is apparently digested. This
%relationship however, can only apply if the equation
%relating NB to ADN is linear. It has already been
%indicated that when the nitrogen balance is negative,
gand the urine nitrogen excretion is high due to a low
éintake of diet, the eguations canncot be linear. When
gthe nitrogen balance is positive, however, there is no
éindication that the regression deviates from the linear,
§even at very high intakes of diet (see page'(l). It is
éshown that when sufficient whole milk is given to result
?in nitrogen balances of up to 25 g. per day (bodyweight
i increase 910 g. / dey) and to an energy intake about
§2.5 times the maintenance requirsment, the linearity of
‘the equetion still holds.

f The 'biological value' of a protein in an
~animal which can store large amounts of protein is thus
‘& simple inverse function of the amount of diet consumed
‘end a linear function of the intercept of the nitrogen
fbalance equation - in other words, to the percentage of
protein cals. / total cals. of the diet.

It may be expected therefore, that the
biological values determined in the present experiment
Would be in agreement with the hypothesis presented



TABIE 42

Mean biological values of skim milk protein for calves
determined by nitrogen-balance methods

Amount of diet Biological value (%)
given (1./ High protein |Medium protein | Low protein
day) diet
2.4 40.00 | —--— 51.2
2.6 54,8 | ee——— 61.6
3.4 — 74 .5 ——
3.8 64.6 68.1 87.9
4.2 ——— 78.0 80.0
6.0 —— 80.2 C——
9.0 — 80.2 ——




above, and this is in fact shown in Table 42. For
the high protein diet, the biological vealues increased
rapidly as the amount of diet given was increased from
that allowing a daily gain of only a few grams to a
quantity permitting a gain of 360 g. A similar
increase is shown also for the diets of medium and of
low protein content. Brrors are, however, attached
to these estimates, because the values for metabolic
faecal nitrogen and the endogenous excretion of
nitrogen would vary from animal to animal. To confirm
" this relationship between biological value and amount
of diet ingested, the next experiment (D) was carried
out, using various quantities of whole milk as the
diet and making more accurate estimates of endogenous
nitrogen and metabolic faecal nitrogen excretions.

4. Discussion

It is apparent that the biological value of a
protein estimated by nitrogen balance methods is by no

- means a constant. In order to measure the biologicel

- value of & protein, it is essential that the animal

- should not deaminate amino-acids to supply energy for

f the support of maintenance or growth. A biological
value, if it is to be a measure of the essential amino-
% acids maeking up a protein, must be determined under

% conditions where such a need for energy does not arise.
% Thus, despite the variability of the biological value,

. & maximum should be obtained under conditions where the
; possibility of deamination of the constituent amino-

% acids of the protein to provide energy is excluded.

; It is known that a low percentage of protein in the

g diet is necessary before maximal biological values are
. attained and the present work hes shown that meximal

. values are attained only when the intake of diet is

~ high, This is no doubt & reflection of the large

" requirement for calories which the young growing calf

. possesses,

Allison (1948) has recently reviewed work
concerned with the relationship between nitrogen
storage and absorbed food nitrogen. The nitrogen
balance equation relating these two variables which

65.










































































































































































































































































































































