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INTRODUCTION.

There is an old English saying, with regarda to livestock,
that "half the breeding goes in at the mouth*., Its significance is
obvious, on consideration of the fact that any attempt in livestpck
improvement, of a permanent nature, must uepend upon a sound system
of animal ﬁutrition. only with the comparatively recent advances,
in the knowledge of this science, has marked developuent in any
system of livestoek improvement énd cansequently animal production
been possible.

: Livestoeck improvement ana mixed farming become increasingly
important features in Colonial Agricultural Policy. In relation to
the problem of food prouuction, their importance, with the advent

of the war, becomes magnified since consiuerations of human nutrition
must necessarily be concernea to an even greater extent, with those
of animal nutrition.

In this respect it is obviously aesirable to becore
inacepenaént of importea feeding stuffs, though such an aim is not
always possible.. Permanent or only seasonal lack ol home grown
feeding stuffs, to supply stoek requirements, is a problem which
confronts many countries., It is, however, ounly by a knowleage of
the gutritiva values of more home grown or easily obtainable r¢eaingr
stufrs, that a country is enabie@ to obtain the maximum production
from them, in aadition to assessing her inuepenaence or importvea
ones. Sueh a knowledge, it is felt, would be desirable in Trinidad,

Cattle in Trinidad are kept for three main purposes:-
work, milk-production and the dung they provide. On sugar estates,
this last is one of the chief reasons for the maintenance of a
dairy herd, To achieve this end, the soiling method of livestock
rationing is adopted, green herbage being but and. fed to the cattle
in pens or stalls in the case of dairy herds.

The roughage supplied to the animals varies with the
geason of the year. In the wetter months this comprises the
cultivated perennial grass crops, such as Elephant Grass and those
examined in this thesis, or miied grasses from the cane field
traces. In the dry season, these are replaced by cane-tops and
Uba Cane which is sometines grown particularly as a reserve, %o
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tide over a lengthy dry season, should other roughages rfail.
Throughout the year the peasant cattle owners rely upon
what can be cut or;if noﬁbgrazed from roadsides or waste patches

of land, the use of concentrates being rare.

Though scarce, where present,the pastures are used more
as a means of exercise or additional grazing aﬁd are not generaliy
relied upon as a supply of roughage.

Home produced or locally obtainable concentrates comprise
chiefly Maize, Ccottonseed and Coconut meals and molasses. {hile
these are utilised as far as possible, addition of protein-rich
concentrates to dairy herd rations is very often necessary, if
required feeding standards for milk-production are to be mt,. Té
achieve this, reliance has been placed on imports, mainly of linseed
or soya bean meals.

There is at present';ractically no accurate knowledge of
the nutritive values of feeding stuffs when fed to cattle in
T:inidad and, as far as is known, except fér two previous digestibil-
ity experiments, and the present one, little attempt has been made
to detgrmine any or to verify the standardsupon which rations are
based. Such a system of rationing, therefore, it is felt, leaves
much to be desired. While it is admitted that rations based upon
the most accurate feeding standards and nutritive values can at
best be little more than anm approximation, it is hewever thought .that
this shoul@ be no excuse for the use of less accurate values which
only tend to increase the error in question.l 4

In the larger dairies, a successful breeding programme
has been established and a high standard of milk-productioﬁ reached.
With the addition of imported concentrates, to supply the deficiencies
of thOSé already available, it has been possible to maintain this
standard. The progress made in sueh a venture cannot but be
acclaimed but, while it has been assumed, very often in all
probability quite rightly, that the imported feeds are essential to
maintain certain standards, it would appear that a certain risk is
entailed, wWith unce;tain knowledge of the feeding values of loeal

feeds, too much reliance has inevitably been placed on imported

ones. Should supplies of these be cut short or their Prices be

§
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raised unduly, this uncertvain knowledge will only increase the

consequent difficulties.

The first essential in livestock rationing is to mdintuin
the animals., A knowledge of the nutritive values of the feeding
stuffs which are used for that purpose is needed, in Trinidad,and’
should form the logical basis to a wider knowledge of the nutritive
values of all rations, fed for any purpose. In addition, if there
is to be any progress, in the direction of further utilisation of
home grown feeds with increased production from them, a start must
be made with the perennial fodder crops. There is ample evidence
to show that under proper management, they have a high nutritive
value. However, as yet, insufficient attention is paid to this
aspect by cattle owners in Trinidad and it is felt that, as utilised
at preéent, the potential feeding value’ of thesa fodders is not
always fully realised.

In general,‘it is thought, that in comparison to the high
standard attained in livestock improvement, the nutritional aspects
of the problem have been rather neglected. Therefore any contribut-
ion that can be made to alleviate this situation, may be of value

to every class of cattle owner.

The Object of the Experiment.

The objeet of these experiment was to determine the
digestibility and nutritive value, as a basis for comparison of the
following forages, when fed to cattle in Trinidad.

l. Bamboo Grass - Pasgulum fasciculatun. .

2. Para Grass Brachiaria mutica (gtapf).

d. Guinea Grass - Panicum maximum.
4. Guatemala Grass @ - Tripsacun laxum.
5. sweet Potato Vine - Ipomea batatas.

Though some time has elapsed since then the experiment
may be said to be a continuation of the series, initiated by laule,
J«Py (1930) with.work on Uba Cane, Cane-tops and Elephant grass,
This was followed with work by Hobbs,R.E.T. (1931) on savannah

Grass . '
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Grass and Coconut meal.

Qutline ot the Experiment.

In planning the aigestibility trials the method employed
was that adopted by the above two workers., This, as l'aule (1930)
states, depended largely upon circumstances. It was arranged on
the lines of similar trials, carried out, in India, by Wwarth and
Lander (1926), with certain modifications similar to those employed
by Maule, in a digestibility trial at Cambridge, in 1929. Details
of the actual method of conducting the following trials and of the
calculation cf nutritive values from the amount of digestible
nutrients, by the use of Kellner's (l926) "Production values", will

be given in a later section.

PART I,

(A) A CONSIDERATION OF THE IMETHODS EMPLOYED IN THE EXPRESSION OF

THE NUTRITIVE VAIUES OF FUEDING STUFFS, WITH SPECIAL REFERENCE

TO0 KELINER'S METHOD AND ITS LIMITATIONS.

There are three main ways of expressing the nutritive

values of a feeding sturf:;-

l. yerrisonts (1927) in terms of digestible crude protein and
totai digestible nutrients.

8. Kellner's (1926) in terms of digestible crude protein and starch™
equivalent. |

3. Armsby*s (1888) in terms of digestible protein and net energy
(in therus).

Basically the two systems of Armsby and Kellner are
similar. They both attempt to achieve the same object and differ
ofily in their method of expression. The fact that the two systems
exist, however, tends to result in some confusion in terms. with
that in mind, it is felt that some slight digression on the subject
is essential, in order that the values derived from this work nay

be correctly assessed.

Kellnertg




Kellner*s original values, obtained by his respiration
chamber were actually net energy ones. They agree, in so far as
the feeds can be compared, fairly closely with ?hose obtaime d by
Armsby, working with his animal calorimeter, Both these sets of
values for feeding stuffs are net productive ones and thus directly
related to the effect they may be expected to produce.

In order to avoid the use of large numbers to express the
net energy values of rations in caloriesg and also to avoid the
int oduction'of unfamiliar terms, Xellner converted his values into
what he called gtarch Bquivalents. This value can be defined as
the amount of starch (assumed to be perfectly digested) which has
the same net energy ¥walue as the feeding stuff,

By using the term starch REquivalent Kellner was able %o
express in a single fipgure what otherwise wou.ld have to be expressed
in three, i.e., one for carbohydrates, one for fat and one for
protein, This advantage has, however, very often led to the use
of the term Starch Equivalent to express a value, not reant by
Kellner, i.e. Gross Digestibility Energy. This value necasures
only the gross energy production, in verws of starech, but does not
signify what propo®tion of the energy cau be utilised for productive
purposes., The distinetion is made by calling Kellner's gtarch
Equivalent, "Production Starch Equivalent®™, and the others
myaintenance Starch Equivalent®., These last are comparable to
Armsby's l'etabolisable Energy vValues.

while it does not affect the values they obtuiued, i1t 18
felt that, at this point some eriticism should be made of Jaule
(1930) and Hobbs (19%31), for the use of the term "Total letabolis-
able Bnergy", to express a figure in tlhe caloculation of their
Starch Equivalent, Such a term as "Total Metabolisable Energy" £

Aawyiuﬁ
does not €3 i t. It is also felt, that this figure, from the
me thod by which it was obtained, does not truly represent the
Metabolisable Energy value of the feeding stuff which, incidentally,y
is measured ih units of heat not starch, ?

a

Kellner also aevised/uethod whereby the starcu AquiVulent ‘

of a feeding stuff could be calculated, on the basis of its

digestible



digestible composition, by the use.of "production values',

As stated previously this method was employed in these
trials and as can be seen from the method of calculation the term
Starch Equivalent is used, as by Kellner, to denote a net productive
value.

Kellner determined his "production values" by feeding
the pure digestible constituents of feeding stuffs to an animal, in
the respiration chamber. By multiplying the amounts of digestible
nutrients in a feeding stuff by these values, he was able to cal=-
culate its net productive value. when, however, this calculated
value was checked against the one, obtained for the feed by direct
use of the respiration chamber, the latiter value was always lower
than that calculated, In the case of very fibrous materials, the
net productive values were found to be less than half those cal-
culated from the content of digestible nutrients. This was due %o
the fact that, when detemining his "production values", Kellner
redCt%héiconstituents of feeding stuffs in & pure finely divided
form, entailing little or no energy expenditure in mastication and
digestion, To obvidte this he determined and tabulated correction
factors, to be used in calculations, for each type of fcugino
sturr,

Digestible nutrients in some feeds therefore-pound for
pound - have a lower energy value than others. This is a signifi-
cant faect since it would seem that generaliy and partieularly in
the case of coarse fodders, as dealt with in this thesis, total
digestible nutrients in a feed are notsan accurate basis for con-
parison. Further, it could be assuned that-digestible nutrients
in a feeding stuff, containing little fibre, may then be twice as
valuable as the same quantity in a feeding stuff, rieh in fibvre,

The disadvantages of using térms of digestible nutrients,
as a measure of nutritive value, have boen outlined, There remain
the possibilities of expression in terms of either Net Energy or
Starch Equivalent, To calculate the former, it is necessary to
use Kellner's"production values" in their ariginal form, i.e. as

heat units, before conversion into terms of starch. gince this

last
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last step is eliminated and therefore the chances of error made
less, it is felt that this method has much to commend it. IHowever,
a discussion of the relative advantages and disadvantages of auch
a course haye no place in this thesis, for the following reason.,
stareh equivalent values form the basis upon which rations are
calculated in Great Britain and the Bumpire inecluding Trinidad,
while, in addition to being the accepted ones, they are probably
the most easgily understood by stock-owners., BRBefore accepting the
starch Equivalent system, however, it must be realised that there
are distinet limitations to both expression of nutritive value, in
these terms, as well as to the method which has been used to cal-
culate them,

For attempting to expresé energy values in terms of
matter, Kellner has been criticised by many. By so doing, his
values become indirect measurements and as such more liable to
error.

In addition his "production values" were based upon a
relatively few determinations,., While he utilised these values, in
their original form, i.e. as heat units, in earlier work, Armsby
later showed that they were not accurate for gvery. class of feed,
Woodrman (1932) states that in recent years 1t has been found
necessary to increase the starch Equivalent values f{or coarge
fodders by one-fifth, in order to bring them into line with measure=
ments of net energy mde by Armsby. These néw igures, he Stutes,ar§"
in general 8greement with his experience.

This step has been taken witl) values calculated in this
thegis and where quoted, with those determined by Maule (1930) and
Hobbs (1931), %o put them on a comparable bagis, The writer is nos,
however, quite certain of his justification in so doing, in {this
case.

Kellner's Starch Equivalents also were originally intended
to measure the fat-producing value of feeding stuffs, when fed to
steersh in store condition;and it was with such animals that all
his de terminations were made. The fact remains, however, as

Wood,T,B. (1937) states - "that they have been widely accepted as

leasuring
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measuring the real value of feeding stuffs for all kinds of product=
ion, not only fat but growth, uilk.anu work. Particularly in the
case of milk-production has their meaning : been stretched since
there is evidence to show that Kellner's starch Equivalent§do not
include a sufficiently high value for protein, to make them really
accurate , as a measure of milk-producing value. This is due to the
fact that when determining the energy production of feeding stuff
constituents, Kellner worked on a basis of pure .protein alone,
without taking into account the value of amino-compounds, also
present in the feeding stuff. |

There would then seem to be justification in the severe
criticism of Forbes (1937), who states "my feeling im regard to
Kellner's method of computation of energy values of feeding stulfls
is that it rests upon very slight experirental basis; that it was
devigsed prior to the development of the main point of the revolution=-
ary, newer knowledge of nutrition; amd that it affords no scicntifie
basig for recognising the influences of this great body of knowledge.
In my opinion, his idea of using correction factors by which o
multiply computed energy value s*to make them agree with results of
calorimetriec measurements, is a hopele ssly awkward and ineffective
way of recognising the individualify of feeding stuffs, as deter-
mined by the intimate character and nutritive qualities of their
proteins, carbohydrates, and constituents of fatty character, their
mineral nutrients and their vitamins! =

such a knowledge, while in every way desirable, is quite %

A

impossible to determine outside a fully eguipped research station,
sincevhowever the starch Equivalent system has Dbecome accepted and =
othef values are lacking, those of Kelluner rust be used for pructic- 
al purposes. While it is not supposed that Kellner ever intended
his method to be so widely applied, it can be said in its favour
that upon its rather unstable foundation,to some extent nodified,
the system of rationing in Great Britain has rested fairly success=
'fully. The fact, however, that results, obtained by the use of
Kellner's values,for feeds in Trinidad, may rest upon an even more

unstable foundation, must be evident.
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(B) THE ASSOCIATIVE EFFECTS OF FEEDING STUFFS IN DIGESTION.

Recently some very important and relevant aspects in the
problem of measurement of the nutritive effects of feeds, have been
stressed by Mitehell (1937). He points out that the aim of every
method daveloped for the nutritive evaluation of feeds has been To
assign to each feed a single value or limited number of values, re=
ferring U0 their different nutritive properties, In the computat-
ion of rations, it is assumed that thege values are additive and
nutritive effect constant. No provision is made for variation in
such values, with the level of fcedipg or through the elffect of one
feed upon another. Associative effects of feeds in digestion ad
supplementary effects in metabolism are implicitly derived. Only
recently, Mitchell states "has the idea developed, that the concept-
ion of constant feed values and the conception that deficiencies of
one feed may be corrected by the excess of another, are really
incompatible".

It has often been shown that feeds do not behave independ=
@tly in digestion. NMitehell states that "wastages of foods in
digestion are not additive when foods are combined" and thal

“departure from accurate addition may be slight in some cases but
difficult to prediet in alln,

In connection with Kellnerrs discoveries with regard to
fibrous‘materials, already mentioned, it ubuld seem reasonable to 4
believe that a bulky fibrous feed impede#& the digestiom of other
feaéds, mixed with it., Those feeds, then, with a low digestibility,
it might thus be supposed, will lower the digestibility of others.

Alternatively, however, feceds of high digestibility might increase
the digestibility of oune's with lower digestibility. The problem
is very complex and by no means solved,

An interesting example is provided from results obtained
by Hobbs (1931), at the Imperial gollege. Iis object was to
determine the digestibility of savannah Grass and.coconut neal,
when fed to cattle, Since it was impossible to feed the Coconut

meal alone, he adppted the usual method for determining the value

of
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of concentrates, This is to feed the concentrate with a roughage
whose value is alreaay known ,in this case Savannah Grass whose
digestibility he haa tirst determined. By assuming the aigestibility
of the savannah Grass to remain constant it was possible to calculate
the theoretical value for the goconut rmeal. As Armsby (1923)
states, "it is eviaent that the aetermination of the aigestibility |
of a concentrate in this way, is less accufate than that of a feed | !
which can be given by itselr. The assumption that the aigestibility
of the roughage is not changed, is unproved ana probably not strictly B
correctn,

Hobb's results bore out this contention. The aigestion |

coefricient$ror the goconut meal,so caleulated, ranged rrom =49 to

over 200 among the various nutrients. While adnitting the possibility
of reasonable experinental error, Hobbs paints out that such could
hardly account for these figures since the daigestion coefficients
of the c¢ombined ration showed no more variation than those of the
grass alone, T
But oﬁe explanation remaineu, i.e, that the aigestibility
or the savannah Grass haa been altered by the aduition of the con-
centrate. By this me thou of calculation which assumes the aigest~-
ibility of the grass to be constant, any alteration in value would
have to be assigned to the concentrate. gince the proportion of
concentrate to roughage was small consiuerable error in the theoretic=
al digestion coefricientsof the concentrate would result., lobbs
then attempted to determine to what extent ana in what Proportion
the aigestion coefricients ror the constituents of sévnnnng Grass
had varied with the auaition of the QOmconut meal. Unable to use
his own, he ﬁaue the comggrison by using daigestion coefricients for
Coconu$ meal, obtained by Kellner, while such a comparison is
desirable, i1t must however be obvious, that obtained in this way,
it is quite valuelecss,
Further evidence of this nature is shown by Lrander and
Dharmani (1985). Using the same iethod to determine the dige stibility
of a econcentrate. the digestibility of the roughage was so much

improved, that, upon calculation, digestion coefficients of over

100




100 were obtained for several constituents of the concentrate,
warth (1923) also found when conduecting feeding experiuents with
Indian fodders that higher digestibility was associated with a
higher proportion of concentrate in the ration and he showed that

digestibility increased congiderably with the amount of protein

present and was related, as far as all ingredients ware cocncerned,

to the protein content of the fodders In this respect Kellner

(1926) states that "increase of crude protein tends to aid digest-
ibility of starch which would otherwise pass undigested in the

faeces™ and also states, "the increase of crude protein in a food

causes, not only mo depression of digestibility of the other cau-
ponents, but, on the contrary, minimises the depressing elfect of

large quantities of nitrogen-free substances".
Further evidence on this subject of the associative

effects of one feeding stuff upon another is supplied by ltitchell

(1937). In particular he guotes the work of Fraps as confirmatory

evidence of the eflfect of protein deficiencies, in the ration,

upon energy utilisation. In the light of such evidence, he finds

his conclusions expressed in those of Fraps, which are as follows:-

1. "The addition of a proteid feed to an unbalanced ration increases
the utilisation of energy of the entire ration. The productive |
energy of a feed in an unbalanced ration is'lower than in a
balanced ration. The measurement should be made in a balanced
ration sinee in an unbalanced ration another factor than the
productive energy of the feed, is depressing the results.

2., A proteid feed, added to an unbalanced ration, has an eflfect
greater than its own productive energy since it inereases the
utilisation of other feeds to which it is addedr.

; 3
In brief the fdllowing consideration now arise., Rations

balanged additively, as at present may De far from balanced inside
the cow, Their Produotion value may be greater or less than
estimated, but, to what extent, it is difficult to- predict.

It has been pointed out that the problem of protein
supply, in the rations of Trinidad dairy cows is a doubtful onc,ﬁ
especially in view of the uncertain knowledge of feeding stuils

which exists., The above consideration tends merely to increase

that
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that uncertainty.

Macintosh (1959) has shown coneclusively, that provided
good quality hay is fed, less protein is needed in the rations of
high yielding dairy cows than is recomuended by Bnglish feeding
standardse. These to some extent modified, are essentially those

laid down by Kellner (1926). laeintosh's findings therefore, it

is thought, may be partly due to that error, previously mentioned

in connection with gellnerts Starch Equivalent values, as a measure
of milk-production. In respect of Macintoshts proviso however, ies
good quality hay, it would however secem that to some extent, his
findings may be due to associative effects.

with the existing lack of knowledge of feeding stuff
values the guerysof whether the same might be possible in prinidad
cannot yet be answered. In actual fact, it is believed that, in
certain cases with high yielding cows more protein has had to be
given, than was thought to be necessary to maintain milk yield,
by Trinidad standards.

In thé light of the evidence stated, it is a temptation
to suggest that the rou-hage was of inferior quality, in such casesgs ;
The above would seem to be an ekpensive- method of production and v
in itself constitutes a cogent reason for further investigation on
Prinidad fodders. Wwhile the conception of a production ration
being the sum of two parts which supvrly maintenance first and
production aftérwards, can no longer be entertained, the desirability
of determining which fodders will maintain an animal alone, is
obvious., With such a mowledge as a4 basis, it would then seem
reasonable to proceed on the suggestion of Mitehell (1957) whose
contention is supported by Forbes (1837), i.e."that in experimental
work which presumes to be scientific, the digestibility of the
combinations of fceds used must actually be determined, not computed

from individual feeds" and put (it . into practice.

L




(C) CONSIDERATIONS ON THE RELATIONSHIP BETWEEN PLANE OF NUTRITION
AND DIGESTIBILITY.

Another factor, which must not be overlooksd is the
relationship of the plane of nutrition, upon which an animal has
been kept, to the elffect which may be expected from any ration.
Arnsby (1928) states. "it is souewhat'generally believed
that the amount of feed necessary for maintenance varies with the
plane of nutrition upon which the animal is kept". (On a sub-mainten-
ance ration it has been shown that there is a decrease in food

utilisation and the animal organism, when kept on such, for a long

! &
Uy 20 prchren

tine, getston a more economical basis. Thus a ration which has
been insufficient to sustain live-weight at first, may later be
capable of maintaining the animal and later still of increasing
that body weight.

"Digestion experiments", Armsby (1le28) states, "with a
number of animals would indicate that a part of this is due to the
more complete digestion of the feed, by the animal on a low
nutritive plane, but so far there does not seem to have been a
sufficient increase in the degrees witﬁ which the feed has been
digested, to account for all the increased efficiency in the ration
no tedn .

The above is of importance in respect of the effect
which the plane of nutrition may have on feeding standards. warth
(1923) has shown that the maintenance requirements of Indian
cattle are rather lower than those given by European gmd American
authorities. Espeg}ally is the protein requirement lower, a wider
Nutritive Ratio, having been found to be more suitable for animals,
not requiring a large production ration. Warth (1927), later
quoted in support of this, imstances of higher digestion coefficients
being obtained by Indian animals than by American ones, for feeding -
stuffs SF which there was no material difference. |

ghe types of fodders, examined in Indiu&, have been

deseribed by him as of exirema;y low quality. Nowhere, he feels,

do animals have. to exist on such Poor materiga)

The WOrk O;(‘
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digestion on such coarse fodders is excessive and sorme animals would
certainly expend more energy on digestion than cdul@ be ultimately
derived from the feed.

The assumption is, therefore, that in deference +to these

i

feeds, the animals' requirements have become lower and a higher !
digestive capacity has developed. o4 : ’

In the particular respect of crude fibre has the Indian ‘
animal been claimed to possess a higher digestive capacity. To
verify whether this capacity is inherited and transmitted would ;
seem to be of importante, in Trinidad,where so much Zebu blood ? i
Predominates, the importance lying in the relutiénsnip of this to i
the feeding standards at present adopted.

That the digestibility of a ration is affected by its
Nutritive Ratio has been shown by Armsby (1928). It might then
be deduced that addition of protein to their ration would in con- ‘
parison influence the digestive capacity of animals on a lower
pPlane of nutrition, to a greater extent than that of animals,
previously existing on a higher plane., However in the case of
crogs-bred or pure Zeﬁu animals, bred in Trinidad and presumably
maintained on a higher plane of nutrition than in India, it is felt
that response to a closer Nutritive Ratio would be no greater than
in the case of any other local animals treated similarly. Indeed
from the scanty evidence available, as will be seen, Trinidad zebus
exhibit no markedly higher digestive capacity, especially in
respect of crude fibre, than other local animmls.

In general it is felt that the digestive capécity of
Trinidad animals is.far more likely to be affected by the plane of
nutrition, upon which they have been kept and the nutritive ratios, |
in whieh their ﬁeeds are combined, than by brged cheracteristics.
The anirals® digestive powers will be at their makimmm when the
Mutritive Ratio of their ration is optimum, this poinf varying

with the plane of nutrition upon which the animals have been kept.

P . > Do
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herbivora, these form a considerable protein. All the se constituents
of the faeces are waste products. "Therefore", as Arusby states,
maverial

"while they do not represent undigested/it is entirely correct,
from a practical standpoint, to deduct them, along with the food
which is actually undigested, in determining the digestible nutrients
which are of use to the animal, These intestinal waste products
which are excreted in the faeces are/apurt of the cost of digesting
~-the feed as they represent the wear and tear on the digestive
organs".

The largest error has been found to oceur in calculating

the digestibility of ether extract, ash and crude protein.

(a) The BDigestion of Ether Extract and Ash.

These are often falsely represented by their coeflficients
of digestibility owing, in the first case, to the fact, as Mo®rison
(10927) states that, "fat is usually present in feeding stufls in
relatively sméall quantities, .and furthermore ether dissclves not
only fat but also such plant compounds @s chlorophyll and waxes
and such products in the faeces as bile residues”.

—In the second case, he points out, ash compounds are
generally excreted in the faeces and therefore appear to be
undigested though they may really. have been digested, absorbed and
later excreted, after having been used in the body. Thus it follows
that in both cases great reliability should not be placed ‘in the

digestion coefficients of.these. compounds.

(b) The Digestion of Crude Protein - Protein EKguivaleut. .

Woodman (1924) in a note on ;“is‘y01nted out that the
ordinary digestion coefficient did not give @ strictly accurate
idea of the actual digestibility of the proteim in a foodstulf, the
figure obtained by the ordinary method representing a minimum
value, due to the presence in the faeces of nitrogenous products
(partly protein and partly non-protein) which are excreted into
the élimentary canal amdi are not reabsarbed.  jHe criticised the

ne thod
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method, outlined by Pfeifler, for correcting this so-called
apparaent protein coefficient of a foodstuff, (by treating fthe faeces
with an acid solution of pepsin to dissolve all the protein compounds
except the true undigested food protein) as not giving a true figure
for the actual digestibility of protein, as unless qoefficients
obtained by the ordinary method were retained, no ided could be
obtained as to the availability of t'e protein in a foodstulfl atter
ordinary digestion by ruminants.

Both methods are now applied to both feed ;nd faeces,
however, for the following Teason.

Besides t;e protein present in a feeding -stuff there are
present, certain amino-compounds., For general purposes tlese are
classified under the heading of m™amides", though actually they are
not such. The yuluus obtained for crude protein will thus iuclude
these nitrogenous substances while those. for puro.protein will not.

Macintosh (l959) states, "research work and practical
experience indicate that amideg have a value for ruminants equal %o
about half their weight of pure protein and the best meagure of the

protein supply in a food is therefore the digestible pure protein

“plus one-half the difference betwsen the percsentages of digesgtible

erude and digestible pure proteiny This ligure is called the
"Protein Equivalent™ and is in other words the divicrence)between

digestible crude and digestible pure protein.

(e) ote on Nitrogen-Free Extract.

warth (1924) states that "the usual procedures in food-

stuff analysis differentiates between crude protein, the regidue
'\

-which has not been attacked by chemical treatwent and the nitrogen-

‘free gxtract which is completely dissolved by chemical means., It ig

known that in some cases the chemically insoluble crude fibre is

digested with greutér faeility than i® the readily soluble nitroben>@

e

free extract". He therefore points out that, in such instances,
the ngahical procedure -has failed to differentiate clearly betweenfﬁ.
digestible and undigestible constituents and he shows.this failure

to
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to be very marked with Indian fodders.

Armgby (1988) also draws attention to this source of
error and shows that nitrogen-free extract is far from being con-
posed: exclusively of carbohydrates. He further pointsout the great
differences which may occur in the case of roughage, between actual

values and those obbtained by the normal nethod of substzacsion.

(B) LIVE-WEIGHT AS A MEASURE OF NUTRITIVE EFFECT AND THE VALUE OF

NITROGEN BALANCE DETERIINATIONS.

In a simple digestion experiment the only criterion of the
success or failure of a feed is its effect on live-weight. In this
way one would assume that the feed maintained the tissue intregity
of the animal,if, over a period, live-weight had remained constant.
This assumption however leaves mieh to be desired.

Lander and Dharmani (1925) point out that it is quite
inadequate to weigh an animal on the first and last day of a trial.
Retention of faeces and excessive imtake and output of water, may
entirely magk the true state of an animal's weight. Only by taking
a full daily record of live-weight, did they fecel that it was
possible to ‘obtain an approximately true metabolic Picture.

Arnsby (1928) shows quite conclusively how misleading
live-weizht figures are, as a measure of Nutritive eflect. He
points out that if the purpose of the investigation is to study
some question relating to the fundamental principlescof nutrition,
changes of liveeweiéht are of little value as indiecators, His
Teasons are siLQlar to those outlined by Lander and Dharmmni above
and the fact that from live-welgit measurements alone, no knowledge
can be obtained of the kind of material lost or gained.:

AS a measure, of the nutritive effect of a feed, the
simple digestibility frial thus gives only a limdted amount of
information. To determine . fully the nutritive efrec} of a feed, &
more eomplete 1nvé§tigution is necessary, involving the use of

respiration or calorimeter apparatus. Wish the ahd of such the

investigatOr_h 3

.
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investigator is able to record an exact balance between the energy
contained in all the constituent of the food eaten, and the energy
given out not only in the faeces and urine but also in the form of
gaseous and epidermal excretions.

It has however obviously been quite impossible to ubply
such a laborious and expensive method of investigation to the vast
numbers of feeding stuffs in use. Neveriueless, since there is no
execretion of gaseous nitrogen, & determination of the "nitrogen
balance" requires simply a determination of the amounts of this
element contained in the feed and in the visible excreta. I[his
end is partially attained in a digestion experiment and it is ouly
necessary in addition, to provide for the guantitative collection
and analysis of the urine and in very accuraie experiuents of
perspiration and epidermal excrata, The nitrogen countent of this:
last is,however ,comparatively very minute and in the &absence of
any accurate apparatus, is normally ignored.

To.determine the nitrogen balance of any animal, on a
certain ration, requires then little effort in addition to that
expended in the execution of a digestibility trial. The value of
so-doing lies in the information which can be gained about the
metabolism of the most important ingredient of feeding stuffs,
namely protein.

Maynard (1937) states,that, "proteimn requirements which
are used in most of the feeding standards at the present tiue are
based upon the results of feeding trials, representing intakes,
in rations, considered otherwise satisfactory which wére found
adequate for keoping the animals in good condition without loss in
weight. soientirically, the maintenance of weight and condition
is no eertain neasure of the integrity of nitrogenous tissue, or
of the minfﬂum requirements for this purpose but the rations which

G
prove satisfactory for such maintenance, over extended periods,

an
are congsidered to supply/amount of protein which is at least

adequate" .
on considération, it must be evident that the duration

# ; of

b e Ban o PRI X WO




-35~

of -a digestibility trial could hardly be called an "extended
period" and during that time the nutritive eflect, as indicated
by maintenance of weight and eondition, may be easily iasked.

Lander and Dharmani (1l986-8) point out that on a properly
balanced ration the bhody ought not to have recourse to any prounounced
utilisation of its tissues, Therefore on a maintenance ration there
should be a fairly accurate balance between the total nitrogen in
the food and that contained in the urine and dung. They further
sha:ggﬁﬁ?at, in trials On coarse fodders, while rqference to the
daily /curve indicated that weight had been more or less maintained
and therefore on that evidence alcne it weight he concluded that
the animal was being maintained, the nitrogen balance was distinetly
negative., In other trials it was shown that loss in body weight
was accompanied by considerable negative balance in all cases.

In the present experiment since it was desirable to discover
whether the fodders in question, were balunced for maintenance, it
was decided after the first trial, to colleet the urine and heice :
determine the nitrogen balences for as mAny animals as poscible.,

By so doing it was possible to have a check, as well as becoie less
dependant, upon body weight measurenent. It was further prompted
by the poor facilities which existed for weighing the auimals{
this, as a result, being only possible at the beginning and end of
each trial. The value of adopting this plan was amply borne out

by the results obtained.

The most scarce and the most expensive food ingredient
in the tropics and the one which at the same time is most essential
for maintenance of bodily vigour as well as for flesh and milk
production is the nitrogen-containing fraction of the ration. JIf
this constituent is to be utilised to best advantage the proteid
requirements of cattle must be determined and their nitrogen
economy studied.,

With this in mind workers in India considered it not only
expedient to balamce the total nitrogen intake against output but -
also t;‘investigate to some degree the nature of the nitrogenous

output and the nitfogenous end-product 8. I

warsh k"
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warth (1l924) has pointed out that the most conspicuous
and least known constituents of the group of nitrogenous end-

products were creatine and creatinine.

He further shows conclusively that when there is a nitrogen
7 pyela
deficiency in the food the animal system exists a powerful effart
to conserve body nitrogen. This fact is strisxkingly shown by the
as
total amount of nitrogen exereted / well as by the form in which it
is excreted. He quotes the following effect having been obtained

at Pusa.,

Total daily N. % N Excreted

Excretion. as
(&) (D)
creatine yrea
creatin-
ine
Bullock receiving ample N.ration, 12.6 g. 14 25
Same bullogk receiving deficient N
ration. 0.9 8o a4 €4

Further investigation along the above lines would, it is felt, have
been of great value in the present experiment. However it would
have been quite impossible to impose any further strain on the
chemistry Depar tment above the very heavy one they were already

subjected to, during the course of these trials.

(F) NOTE ON MAINTENANCE REQUIREMENTS OF DATRY CATTLE IN TRINIDAD.

Shannon (1938) states that "the system whieh has been
almost universally adopted in the feeding of dairy cows on a starch
equivalent basis works out for maintenance at 6.0 1lb. of starch
equivalent containing 0.6 lb, protein for 1000 1b, live-weight ...."

This standard is Approximutuly that, recoumended Dy
Woodman (1933), for the maintenance requirement of dairy cows in
Great Britain.

Woodman *s standards are however quoted for animals whose

weights are measured in cwis., On the same scale, therefore, for

animals whose weights are measured per 100 1b., the following wotld

-
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be approximately the necessary requirements, per day.

TABLE 1. Mainténance Requirements for Trinidad pairy gattle.

Ir(nf—.;})slu;:w DRY IA)LT:I'{ S .3.) P.E.)
D (Lo, (1b. (1lb.
_ %

700 17.5 &.5 0 .45
800 19.5 5.0 0.5

900 20 .5 5.5 0.55
1000 22.0 6.0 0.60

1100 24 e 6.9 0.69

The nitrogen balance me thod can be used to measure the actual
protein requirements by dete rmining the lowest level of intake which

will give the maximm total retention. An attempt was made to

g 40

apply the above to the few positive balunces obtained in this
experiment but the figures are variable and rather contradiciory.
It is felt that a mueh more detailed investigation, involving a

of .
serieg/daily nitrogen balance determinations is necessary to obtain

definite results. ’
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PART II.

DESCRIPTION OF THE DIGESTIBILITY TRIALS OF THE FODDERS EXAMINED,

The digestibility trials which will be deseribed in this
section were planned to determine the digestibility of the five
local fodders, when fed to cattle.

The experiment was conducted at the Governuent Stock
Farm, St. Joseph and lasted from November 7th. 1959 till February

19%h. 1940.

(A) THE FODDERS EXAMINED,

These were examined in the following order:-

Trial 1. Bamboo Grass. Paspulum fasciculatum.

Trial 2. Para Grass. Brachiaria mutica (stapf).

Trial 3. Guinea Grass. Panicum maximum,

Trial 4. Guatemala Grass. Tripsacum laxuum.

Trial 5. Sweet Potato Vines. Ipomea batatas.

The order of trial was dependant upon the availability of each
fodder in gufficient quantity.

The Guatemala Grass was grown .on the College Farm and the
required amounts fetched daily. This also was the case for the
sweat Potato Vineg utilised during the preliminary period before
the trial proper. Thig was due %o the fact that the supply at the
Government Farm was inadequate to meet the necessary requirements
for the complete trial, Apart from the above the rest of the
fquers were all grown on the Governuwent Farm, where they are
normally utilised to a greater or less exient. The essentual
features of a good perennial fodder crop cau be summarised as
follows:~-

1. Base of propagation.

&. High productivity.

3., High nutritive gquality.

4. Palatability.

5. Ability to overcome weed competition.

o
.
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6. Ability to withstand drought. ,

In respect of the above a note on each of the fodders
examined is given with reference to its value and importance in

Trinidad.

1. Bamboo Grass. Paspalum fasciculatum.

This grass should not be confused with Panicum faseciculatum

(Brown Millet) or Dendrocalamus stré%us, a small bamboo with semi-

solid stems since both of these are at times referred to by the
above coumon name.

Paspulum fasciculatum is a large extensively creeping

perennial. It is stoloniferous, very leafy and flowers rarely.
Widespread in Brisith Guiana and Trinidad, it is also
found in the windward Islands, Mexieo and parts of gouth Auserica.
Its natural habitat is low grouind, swamps and the ucrucré
of streams, In this respect it should not be confused with "gwamp®
Grass with which,in Trinidad, it often grows in association. In
Trinidad it can be seen on roadsides, near ditches and streams and
is a constituent of many rough grassland areas. As far as is known
it"is not cultivated, in Trinidad, to any extent. However,where
it oecurs,it is cut or grazed and thus figures quite prominently
as a fodder particularly for peasant cattle. v
Spreading rupidly'it grows vigorously in a suitable
environment. It however hardens rapidly with age and hag rather a
high proportion of stem to leaf. Due to this last it is pfobuoly
relished least of all the common fodder grasses in Trinidad, by
stock. BExperience in the preéent trials further indicated this
contention. 'The animals under observation tock mich less readily
to it than to the other fodders and on the whole when accustored
to it as a regular diet, eat less.

It could hardly be called drought 'resistant but due to

its habitat often survives the dry secason better than other grassehbf

on the Government Stock Farm it is to be found quite
. . : a5 L 1
extensively. with several pure stands /  the 8t. Joseph river where

i

it
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it covers the ground with a dense mat. It was from one of these
bloeks that the material for trial was obtained. The grass was a
very even sample about two to three months old. At this stage,
however, it was beginning to show distinet signs of hardness. It
Bas not been thought to possess such a high nutritive ,value as
the major fodder grasses used in PTrinidad. The results, just

obtained, further indicated this to be the case.

2. Para Grass. Brachiaria mutica (stapf) (Panicum barbinode).

Para grass is thought to be a native of south Arerica and
is widespread throughout the West Indies.

In Trinidad it occurs as a cultvtivated fodder crop as
wiil as in rough grazings. A tenaeious grower, it is stoloniferous
and produces stout runners which reach a length of from 15-40 ft.
The leaves are short rarely longer than 1 ft. and about 1 inches
wide. Para Grass will under favourable conditions make a dense mass
of herbage 6-4 f£t. high.

Para Grass thrives best in humid conditions of soil and
climates Its high nutritive value is well recognised by dairy
farmers for increasing milk yield and butter fat content. In trials
with cultivated fodder erops, conducied by Patterson (1936 and
1938) it has been outstandingly suceessful. Tt combineg most of
the essential features of a good fodder crop and its high dry
matter percentage is an important attribute. Il can easily be
propagated from runners.

It has gowever several disadvantages. It is a serious
weed of arable land. This is mainly due %o the practice ol soiling
as carried out in Trinidad and o improperly made compest. It is
a common belief that the nodes of the grass can pass through cattle
undigested. Patterson (1l938) shows this is not so, in Trinidad.

It also exhibits a tendency to flower frequently, this usually
being accompanied by loss in herbage production and nutritive
quality., Finally it is unable to withstand prolonged dry seasons

and under those condisions maintains a sparse and creeping hLabit.

Due to ifs habit it normally gives a complete smother of wesd

T P
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growth,

The Para Grass used in the present trials was obtained
from several stands growing in assoclation with other grasses in
various arcas, on the Government Farm. While the grass was all at
approximately the same stage of growéh and quite pure, this was
felt to be undesirable. It was however unavoidable. The grass vas

little more than two months old but was in flower. About this

time, December, many grasses in Trinidad, however, usually flower.

8. Guinea Grass. Paniecun maximum.

Guinea @rass is an important forage crop throughout the
world at low altitudes. It is believed to be & native of tropical
Africa but first achieved prominence in the west Indies. Tt is
found in South Africa and the African colonies where it thrives
well, ‘It has a high reputation in Jamaica where it is to be found
extensively.,

Guinea Grass is a long-lived peremnnial with short erecping
rootstocks, single plants often making clumps, 4 £t. in diameter.
The roots are fibrous and form a network near the surface so that
the grass is a poor drought resister. The leaves are about 1-3 ft.
long, flat and about l-1l§ inches wide. The culims may reach's
height of 6-10 ft.

Like Para Grass, Guinea Grass also tends to bloom fre-
quently, following which, the stems becomwe hard and woody. A K.
rapid grower and easily prOpagated'by roct divisions er seed, the
grass shows a very marked tendency to form clumps. In Malaya, this
is overcome by cutting, splitting and removing about two=-thirds of
the stool every 2-3 yeqrs. In Jamaica it is grown as is Para grass,
as permanent pasture where it has proved an excellent fodder,
especially for fattening beef cattle, It is palatable, gives highk
yields and resists weeds well.

. In Trinidad it is widely used though it has not such

prominence as in Jamaica. Patterson (1938) shows that it is a

relatively dry fodder and does not recommend it for a general

purpose goilage crop under local conditions.
I, ‘ 2
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The grass used in the present trials was obtained under
similar circumstances to the Para Grass, previously mentioned and
warrants the same oriticism. It was approximetely the sane age,

also in flower, and the stems were becouing hard.

4. Guatemala Grass. Tripsacum laxuun.

Guatemala Grass is a native of (Central america but has
not until quite recently become known as a rfoader erop, in the
British West Inaies. Grown %o a limited extent in Cuba, Puerto
Rieo and Mexico, as well as in India and Ceylon, the grass is
becoming increasingly prominent among cultivatea rouder crops.

It is a large grass, the leaves ranging trom lj-2% It.
in length and from l§-24 in breadth. hen growing thiekly the
grass will make g dense mass of hernage 4-5 ft., high and if allowed
to continue, will grow considerably higher.

The root system is tough and fibrous, penetrating deeply
into the soil and spreads well by means of rhizomes. . The grass is
thus an excellent drought resister, maintaing a high level of
productivity throughout the year besides providiug almost complete
smother of weed growth.

guatemala Grass is easily propagated by root  division
from old stools and grows rapidly on most soil-types.

In Trinidad Pdtterson (1937) recorded the grass as having
ziven the best results of the main fodder crops in the 4island. A
vield of bulk was good with fair quality of forage and few cultural
requirements were needed af ter the establishment period. In 1939
he ranks it highest as being the best general utility grass,
although it did not give the highesg yield of herbage or nutrient
per acre in trial.

since 1938 however the grass has bsen subject to fungal

if
attack by "Puccinia polyspora®. This may,/it is spreads, cause

marked decrease in the yield of herbage.
In the present trials, the grass was obtained from the
college Farm. It was an even sauple bu® about four wonths old

and consequently very coarse, It was also slightly infected with

the 3
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the rust fungus.

5. Sweet Potato vines. Ipomea batatas.

Sweet Potato Vines are a very userul foauer for cattle.
They are extremely palatable to cattle, very nutritious amd yield
about 8 tons of fodder per acre. They are also valuable in that
they can be stored, while it is claimed by sbue that palatability
and nutritive value are not seriously affected by wilting.

The ideal stage for cutting for cattle is about four

months old though this may obviously affect the yield of roots.
It is however questionable whether the increased value of cattle
feed thus obtained will not outweigh any loss in erop. Normally
they are fed after harvest but at this stage the nutritive value
will be lower, as-the stems rapidly becore tough and the leaves
drop off easily.

In Trinidad they are used to a certain extent though the
value of the crop in general has not received the recognition it
might. Apart from human consumption both roots and vines can be
fed to cattle. As such, it is felt, it can be recormended to
cattle owners, particularly peasants,especially on congideration
of the hiéh protein content of the vines. The growing of such a
crop would seem very desirable in the role of econowmie food
production.

In the present trials, as stated,the vines fed during the:
preliminary part of the trial were obtained from the Qollege Farm,
These were older and considerably tougher than those fed during
the triael proper. These last were obilained from the Governuent
Farm and were extremely suceulent, peing about four months old,

In the preceeding notes on the fodder grasses exauined,
no mention has been made of yield. pSuch a quantity is obviously
extremely variable as is the gquality of the grasses and is dependant
upon such factors as season, soil-types, cultivation, manuring and
the age and height at which the grass is cut. 3

""All the ma jor fodder grasses in Trinidad possess distinet
qpalig@..;but, it is felt, these can only be utilised to their i

; best
S
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best advantage, by stock-feeders, if the grasses most suited to
the particular environment are grown and given the attention as a
crop which they deserve.

The composition and digestibility of grasses, is materially
affected by the proportion of vegetative organs and, in general,
leaves and leafy species have a higher feeding value than those
containing a large proportion of stem. 1In general,it is felt that
the tendeney,in Trinidad,is to feed grasses at too old a stage,
when the nutritive quality is lowered. Earlier i.e. in Trinidad
at about six to eight weeks old, and@ higher cutting would be
advantageous. In this respect Woodman (1938) points out recent
American research which has proved that there is present in grass,
particularly quiekly-growing grass, some growth factor that passes
over into the milk and increases very rewarkably its growth pro-
moting properties.

Grass land management and iwproverent it is felt have not
regeived sufficient attention in Trinidad by stock-owners and Lhe
importance of this problem to them cannot be too heavily strecsed.

A discussion of such problems, with reference %o a comparison of "W
the grasses examined with others, would lowever involve uore space :
than is w;}ranted in this thesis. Patverson (l9%0-7-8-9), in a
series of papers, to all of which reference has been made in com-
piling this section, has outlined these problems anda in experinents
has shown the effect of some of the above factors upon the yield

‘and quality of the main Trinidad fodder grasses.

A table has baen compiled (See appendix) in which,as far .
as is known ,all the complete analyses available for the main
Prinidad fodders have been stated. This includes where de termined
by direct experiment, their nutritive values. Reference to this,
will indicate the range of variation which may occur in composition
and consequently im nutritive value.

The importance of mineral content iust be emphasised
especially in regpect of the associative effects of minerals upon
the digestibility of feeding stuffs. jhile this aspect has not

18]
Ee,

been overlooked, it has been omitted since time available did not ;é
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permit analysis of grasses, r'or these constituents, or & aiscussion

of the sabject.

(B) THE EXPERIMENTAL ANIMALS.

TABLE 2. Details of gxperimental Animals.

No.or  1nitial

Name of Cow. Age. weeks Weight _Breeding &c.
VI‘B . I"Onths » DBLIOIE Lb .
calving
1A .TERBANI (5] 1 8 lozz2 Pure Zebu.,Used in Trials
1% 8B
1B.CHERIAH 10 - - 951 Pure Zebu.Used in 7Trials

9,4 & 5. Not in calr, gs
would not hola to service.’

2. No.8 4 6 S0 760 |Pure gahiwdl.. strain import
ed from India.In second
calr. &

SA.SUSY w - 8 7623 Cross-bred.zebu x Holstein.
Purchased.Bxact breceding
Uunsiiown .Used Trials i &
OB +BLACKIE 4 - - 976 Half-bred.,Pure iolstein
Bull x Pure Zebu cow. Used
in Trials 5,4 & 5.

4. NELLIE X 6 - 785 Pure Sussex.Not in calf,

N.B. All details are given for animals, as Irom aate of their
introauetion into experiment.,

Since the utility ot any results obtaineu woula bpe
primarily concerned in the calculation ot rations ror dairy cattle,
the dairy animal would seem to be the most uesirable Iror experimental
purposes. There are,however,several disadavantvageous to this course
ol' action.

The dairy cow in general and particularly in the case of
the Zebu is a nervous and restless animal, especially when subjected
to changes in conditions anda treatments Steers are more adaptable
and less temperamental and that is one reason why they are uore
often chosen for experimental purposes. Nevertheless all animals
are subjeet to such influence. Any sort of excitement ts likely to
entail increased utilisatiom of nervous as well as muscular energy

and
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and will naturally tend to affect the maintenance requireuent, by
correspondingly increased food consumption. If true mainvenance
requirements are then to be determined the animal should be as
nearly at rest in every respect, as possible.

Alternatively it may be argued that if experimental con-
ditions are to approximate as closely as possible to normal ones,
an animal should expend soume energy, over and above that normally
utilised during a digestion experiment. ''While such may be admitted
the obvious difficulty arises in assessing, in any way, suecil a
quantity of energy.

Lander (1926) however describes trials with dairy cows in
which some daily exercise was given for above reasons and to prevent
any stiffness occurring in the animals® joints, due to being kept
in confined conditions, over a pericd. While this last difficulty
was encountered by Hobbs (1930) it did not occur in those trials,
conducted by Maule (1936) or in the present case. If exercise were
to be given, the difficulty would also arise of guaranteeing proper
collection of faeces and urine, without harness.

The use of harness, as described by Lander (1926) for a
dairy cow, is obviously more complicated than for a gteer, especially
if urine is to be Bept separate from faeces, In addition the cow
is bound to become very upset by this and consideravle time would

be wasted in getting the animal accustomed to the haruess. 2

In the present case the methods employed and animals used
were largely dependant upon circumstauces. Neither steers unor
harness were available and the enimals had to be selected from dry
cows, in the dairy herd. The choice auong those animals available,
was further limited by their temperament since quiet and easily
handled cows were the primary consideratiom, In one respect this
was fortunate as it would have been quite impossible, as decided
after Prial 1, to collect urine satisfactorily wit;?iimited.equipe—
ment available, had steers been used.

The animals selected, however, soon settled down %o

experimental conditions and except for occasional lapses on uhe

parf
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part of the two cross-breds and the Sussex proved guite adaptable.
In general it is desirable to obtain as uniform a lot of

animals as possible as regards age, size and especially the pland.

of nutrition upon which they have been kept. BExcept as regards the

plang of nutrition upon which they had previously been kept, the

animals selected might in the above respects be omkticised., Their

selection from those animals available, was due to the decision to 1

include one xepresentative of each of the four main breeds kept on

the Government Stock Farm, While it was not implied that any one

animal was truly representative of its breed, 1t was felt that if

any marked difference in digestive capacity due to breed, was pressnt

it might be exhibitead.

\ Armsby (1l928) and Kellner (1926), however, point out

that:-

l. "pDifferent breeds of the same species of animal possess an equal
digestive power".

2. "Between individual members of the same breed smﬁll variations,
usually traceable to some slight physical weakness on the part

of the animal, may occasionally be noted ......., Where differs

ences are not due to serious disease of tle stomach or intestine
the percentage error seldom exceeds 3~-4 ¢ of the ingested
organiec matter".
5. "The age of the animal does not influence the digestibility of ¢
the food",
4, "Alterations in the conditions under which the animals are
placed are also without influence upon the digestibility of the
food, provided violent excitement or disturbance ol health are .
avoidedr. ; ﬁ
Hence, as Maule (1930) states, "one may conclude that the A
variability between two animals in regard to breed age and siz;, &;
should not, provided all are healthy, thriving veasts, have any
unfavourable effect upon the accuracy of the results.
It is felt that ™the age of the animal may not influence

the digestibility of the food provided only that the animal is

& 4 % "%
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mature. In this respect the Sussex heifer,. eighteen months old,
is subject to criticism. She was however stated to be full grown.

. Her digestion.qgﬂrficiuntsfwarq to a certain exteat lowerpr
than average,particularly in tile cus; of GQuinea Grass. This,how-
ever,might partly be explained by the fae® that during that trial
she came on heat and was thus naturally subject to some nervous
stress., TIortunately her other heat periods did not coincide with
any other trial. The cow Blaekie No. 5B also came on heat after
the finish of the Para Grass trial (No,&) and was served.

This difficulu’ further emphagises the unsuit@bility of

using dairy cows, in/di stion eAporiment. They obviously caunoct

v&at - VERX x »nilTala

be used dhen in xalk and if dry they way come on H¥a®y as in the
above two cases, If in calf, the animal metabolism will be affected

to an increasing extent with the broua; of the foetus and this
L dF A VvieoITE Y

condition it is felt %u oov10uoly unuu31ruule. lIf”ﬁiérefor' dairy ;
cows are to be used iﬁ Loulu sddﬁ d*sirﬁole tfat tuoj should be

used only in the earlﬁ stuﬂes of prg;mafc"

Maule (lSoO) 6u001nbereu dif 1culuy in dkis respect, one
of his amimals calving uurlLJ.\del. Refore ubl»Ctlhb the animalgy

in the present expermgnt, this pjoint was noted., Unfortunately a
{ p |
mistake was made in checking their dates ol gC;/le and two animals,s

Terbani (No.lA) and sﬁsy (No. 2)1 had to be rbuluced after the Para

grass trial (No.&2), signs of approaching calcing baconang evident
: 1 ! "
after it had started.| g

'

- " - :
The results obtained 'with such animals it is felt should
be taken with reserve, in partidular in tie case of the nitrogen

5. 3 3 & %
balance obtained for the cow Temnbani (No.la) during the Para Grass
FLE - g

Trial (No.2). k we J

Those &lso pbtained by lMaule (1950), it|is felt, are
LN - !
subject to the same criticism since all animals used by him were

in the last half of their gestation periqd, at the start of his

experimehtx

-
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(C) THE DIGESTION STALLS.

These were not in the true sense digestion stalls but
instead consisted simply of four ordinary loose=boxes with concrete

floors and wocden partitions, 5 ft. high, between each stall. In
'the right hand corner of each was a gtone manger 2§ ft. x 1§ T,

and &, ft, high. .nimals were normally kept in the loose boxes by
thgse wooden bars, fitting into slots. 'he original measurenents

of the boxes were 12 ft. long x 7 ft. wide.

Ry

for experimental purposes stalls were adapted Ifrom th

}.J

oose boxes, as follows:- . bamboo uprigit (X) was secured to the

cross beam of the roof and to the floor, by l.eans of a cross-piece

(Y). This was fixed to the wooden partition on the right hand side

of the loose-box. A bamboo pole (2), the length of the stall was

then secured at one end, to the top of the stone manger, &; IT.

'ii;h and at the dther to uhe.ouhooo upright (X), at the saus height.
on the first day wooden tubs were used for feeding.

The se were soon dispensed with, as the J-iufls threw a considerable

portion of their fodder onto tue ground, during feeding. Using these

it would have been impossible to make accuratie measurements of food ‘

consumed., For this purpose wooden mangers were then congtructed

from the end of the stone ones to the opposite side ol the astall,

using the concrete floor as a bottom. rhe s@ mangers were tﬁuu

4% £t. wide x 13 ft. long and were made 14-2 ft. high, ¥ or the

cow Ulackie (3B) ,he height of this manger had to be raised to

about 24 ft. and a curved notch made, to allow her to reach tiie

bottom. rhis was necessary to curb her tendency to put her fore-

legs inside the manger.

The construction of these mangers was gsatisfactory.

o

They would hold a large quantity of fodder and due to their size,

it was possible for 4 boy to get imgide and collect completely any
: ¥

uneaten fodder, using a small hand-brushés# In addition the animals

could reach the fodder easily but to do so had to bend forward and

downward and consequently the amount previously thrown out from

the wooden tubs was not l1ost.




rhe animals were tied at the head to the partition on the
left-hand side and to the junction of “the bamboo pole (Z) and the .
stone manger, og the right. The position of this bamboo pole ()
permitted them enough movement to lie down but not to turn round.

The bars at the end of the stalls were removed.

The anirals were gziven water in the round wooden tubs,
previously mentioned which were placed at the right hand end of the
comgstructed manger, partly under the bamboo pole (z). The faeces
bins and urine bottles were placed in the alley between the pole
(2) and the right hand partition of the sbdil. This alley was

seful in that it zave easy access for feeding and reaching the
constructed manger without unduly disturbing the animal. Reference
to the diagram and pictures included will elarify the above
description.
' o bedding was at any time used on the floor since, in an
experiment of this nature, it is clearly impossible to do so. !
During the prelimimary period of trial the animals and stalls were
washed down daily, puring the trial proper this was not done since
with the collection of urine from some animals and all faeces, ;
the floor and animals remained clean. Before this begun the stalis, 2
animals and equipment were all cleaned with especial care and the
floor during that period was constantly kept clear of dust or any ‘
contamination, in event of faeces dropping on it. 1In the case of

those animals from which it was impossible to collect urine tie
stall floors after urniation ,were immediately swilled and swept
out.

Tt was necessary for an electric light to be installed,

to enable the collection of faeces and urine, by tle night

attendants.
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(D) METHOD OF FEEDING.

Armsby (1928) states that 1-8 weeks preliminary period
and 7-10 more days actual trial are required, in the case of
ruminantsg, in order in the first place to get the animal accustomed
to a fixed daily ration and clear its intestines of’all other
excreta and, in the second place, to collect faGCus;OVBf a period,
long enough to eliminate.daily vqriat%ons in the faeces.

It was oa}y possible td have preliminery and expsriuental
periocds of 8 days Qnraxion each in the trials’conducted by Maule
(1930). He uowerel‘*sub;f‘é.stu a longer prellmlnary period to overcoume
fluctuations in daily amount consumed caused by change in ration.
In the present experiment it was therefore decided that trials
should consist of a preliminary and experimental period, each last-
ing 10 days. 1In bh%”qggg of Trial & - aueet Potato Vines - it was
only possible to nag a gxellmmaly pe:%od of 7 days duration, dué

to the necessity feo ‘tht“trial to coincide With th sweet Potato

5

harvest on the Coliege. j;ﬁi£ﬁ1< d'é',ﬁ§ﬁcver there was no difricultyl
in getting the animals accustomed to their new diet, as they took
readily to the vines. Fluctuations in amounts consured daily
naturally occurred more markudly during all preliminary periodss

Tn every case average daily consumption per head was greater during
experimental periods, when the animals had become more agcustored

to the particular fodder.

The animals were always permitted to eat as much as they
desired. To ensure this 100 lb. of fodder was fed daily during the
first four trials and 78 1D. daily of gsweet rotato Vines in the
fifth trial to each. In no case did the anima&ls show any inclinat=
jon to consume as muclhe

The daily ration was fed an three feeds of 35 1lb., 25 lbe
and 40 lb. fed respectively at 6.0 &.m., 1.0 pom, and 6.0 p.m,

In the case of the gSweet Potato Vines these amounts were reduced
to 85 1lb., 20 1b. and 30 1b, regpectively. Bvery evening and
morning before feeding, the residue from the previous days feed

was collected and the weight deducted, to ascertain the actual

g i WX goiig N e amount k.
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amount consumed by each cow.

The fodder was cut-fresh daily and was uasually brought
in about 10-1l a.m., It was kept under cover and not chaffed up all
a4t once, to preveut wilting as much as possible. The & a.u. feed
and 1 p.m., feeds were chqfred at 6 a.m. and the 6 p.m, feed just
before feeding.

Chafling was essential if representative samples were to
be fed and obtained for analysis. To facilitate thisg, a hand
chaffing machine was placed on the concrete, besides the stalls.
Around its base, as can be seen from the Photograph, wooden sides
were built, using the floor as a bottom. Into this the fodder fell
on chaffing and by keeping the floor clean, the fodder could be

well mixed, without contamination before feeding and samplin

©He

‘e

It muist be stated, that a cake of roek-salt was put in
each animal's wmanger, The writer was uncertain whether theoreiically
this addition to the animalr's fodder should have been L;uo. The
animals however normally hud acecess to this and when it was at

first lacking, showed signs of their want, by licking the stone

mangers also the whitewash. This habit ceased when rock-salt was

given,
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(E) METHOD OF SANPLING THE FODDER.

This was done daily except in the last morning or each
trial. Two representative samples, A ana B, were taken from the
bulk of each day's fodder, airectly atfter being chaffea and mixed
at 6.0 a.m, and before weighing out quantities for the first two
feeds. The samples were removed in air-tight jars of about 1 1lb.
welght, to the Chemistry Department. It is felt that this might be
eriticised on the ground that the samples did not include any of
the fodder, fed during the evening feed, It was however felt to be
desirable that the samples should be removed, as fresh as possible,
in the morning, to the Chemistry Departument. If samples had to be
taken from all one day*s fodder supply, this would have entailed
chaffing the lo$ at 6.0 p.m. This would have taken a considerable
time and the samples would have had %o remain in that condition tTill
next morning. It was also noted during preliminary periods, that
animals did not take nearly so readily ©o fodder which had remained
chaffed for some time and had wilted slightly.

one difficulty arises out of a consideration of vhe Todder
for analysis, namely the cows selegtion of it when fed., <The repre-
sentative samples contain stem and leaf ol the fodder in correct
proportion. When however the cow receives its portion, it will
pick over the whole lot, eating all the leaf and succlent portions

first and will only go on to the siems, if still unsatisfied. The

ideal would seem to be to feed & gquantity of fodder, such that both

stem and leaf will be eaten, if the animal is to be satisfied.

such a quantity is obviously very variable and in certain cases the

» o2 - mwat+ther tha P e hamn atan 3
animal may prefer to go unsatvisiied rather than eat the hard stem

‘ 1ould however arise iI lder cut correctl
such a difficulty should not however rise in fodde 1Y ,

at a young succlent stage. It occurred to a certaim extent Lowever

grasses, during this experi-
.

with the Bamboo, Guinea and Gua temala

ment, particularly in the case of the four months old Guatemala
’ .

aprass. There was a large proportion of tough stem at the Dase,
r Do e L

algo some dead leaves. All this material was removed Lefore chaflf-
g

ing since it was regularly refused by -the aninals during the

Prel iminury
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preliminary period., If this material had beenm included in sarples
for analysis, the discrepancy between that sampled and that eaten
might have been quite considerable. The sample anflysed might thus
be considered as not being truly representative of the grass at
that stage of cutting. This is aduitted, also the fact that the
dead material would probably not have been removed in practice.
In practice, however, it is felt the grass ought never to be fed
.80 old. This removal of dead material is Probably responsible for
the relatively high values obtained for the four months old
Guatemala Grass, on consideration of its age and eondition.

Noisture determinations were done on the Tfodder samples
by the Chemistry Department, the same morning. After this, the
remainders of each of the two samples, A and B were kept ssparate
and oven dried. At the end of each 10 days, all the A samples and
all the B samples were bulked into two composite 4 and B lots and
reserved for analysis.

on sundays all sauples, fodder and faeces had to De
atored for 24 hours till the following Monday morning. r'his was

to be regretted but was unavoidable.

t
.
F




(F) METHOD OF COLLECTION AND SAVPLING THE FARCES.

The method of eollecting the total bulk of faeces, voided
by each animal, which was adopted was that em:loyed by liaule (19350).
This entails the immediate collection of the faeces, as they are

voided, by neans of a swall bucket, and their transferrance to &

s ——————— T o T —

:

bin, of sufficient capacity to hold & day*'s collection, and sufficien '
-ly airtight to avoid more than the minimum moisture losses. The

bins used by Maule were however not to be found so four five-gallon
paint drums were obtained. These were quite satisfaeSory. They

.

would hold a day's collection and the lids were equipped with rubber
wagshers, fitting on the rims of the drums and kept down by spring
catches. These drums were first cleaned by burning out the paint

and serubbing before use. These drums were also rinsed.out each

~day after weighing and sampling the Iaeces.

This method calls for constant attendance upon, and
observation of, the animals. amd in consequence, the careful
organisation of the labour employed. laule (1950) stases that,
nthe disadvantages are that i% is impossi ble with a small staff t;o-
collect all faeces as voided and proportion will unavoidably fall
on the ground and possibly becoms contaminated or escape collections W
Its merit is that the cows need not be trained in the wearing of
any elaborate harness, Gthe conditions thus more nearly repmesenting
ordinary farm conditions, and, in the case of cows, it is ecasier

than
to collect the faeces in this way/by the harness method".

In the present experiment the s thod was found to be
quite satisfactorye. 'he size of Maule's stalf is uncertain but
during the present experiment, as stated, two attendants were
pregent, night and day. The writer has no hesitation in saying
that the bulk of faecas lost throughout the whole experiment was“y

sy 5

infinitesimal and elaims as good a collection this wasYas by the

use of harness.
‘.

Even if, as Maule states, some did fall to the ground,
the quantity lost in this case was very negligible since the

attendants mro"nevoi' averse to using their hands for scraping,

if




if necessary to.avoid any faeces escaping collsction. In this way
also, it is felt that the loss would be no greater than that occurr-
ing when the sheet type of harness is used and the faeces have
sonetimes to be scraped down the sheet, into the ceontainer. In
addition, as already outlined, the concrete floor was always kKept
clean and consequently, in evéent of faeces falling, contamination 'y
avoided.
| This method of collection though obviously expensive in
labour, becomes inereasingly simplé, as the experiment progresses.
The attendants soon noted the fairly regular intervals at which thé
animals defaecated and urinut?d and the chardc terisbic preliminary
movemen ts of each individual before so doing.

If however any appreciable proportion of the faeces
@scapes collection, the accuracy of the results will be seriously
impaired, If this was the case in Mauls's experinent, as his
rematks might be taken to indicate, his results are obviously very
open to criticism,

The object of collecting the faeceés over & périod of days
is to obtain a representative sample from the total amount colleet-
ed, The usual method is to retain each dayts collection and by a
process of pre servation prevent the rapid fermentat ive and putre-
factive changes which would normally occur during storage, resuli-
ing in alteration in the composition of the faeces.,

This preservation of the total bulk of faeces from each
animal would have Dbeen extremsly difficult under the conditions of
this experiment as, in addition to the use ol some preservative,
it would be necessary to keep the faeces in cold storage or alter-
natively to dry it down rapidly, to prevent decomposition, .ﬁfﬁ

In the present trials it was impossible %0 deal with the
faeces in bulk in this way and the method adopted, as by Maule \\“
(1930), to obtain a representative samp;e in normal condi tion was,
at the end of 24 hours, after weighing and thorough ' mixing ,6o
les of the daily faeces of each animal. The btup S

take two samp

samples (A and B), ecach of about 1 1b., were taken in air-tight

bottles and after the moisture content had been determined by the

i h
. ;Am:w‘w = emig trY
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Chemisiry Department, they were oveun dried for chemical analysis.

g 4 . © - ]
Y e r +h ) ¢ Ml .
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At the end of the experimental period,
all the A subsamples of each animal were thoroughly mixed and ground
up and a single representative sample taken, the B subsamples being
treated &imilarly.

puring Trials 1 and 2 the fresh faeces were preserved with
Toluene, & small quantity being

sprinkled on each separate amount

voided, after transfer to the bin. The supply of toluene under the
present conditions, was however cut short and as an al ternative
Formalin .was used. This preservative has been ghown TO be S atis-
factory in such circumstances, by French,R.B. 1930).

By this umethod Maule (1¢30), states, "it was considered
that:-
(1) The moisture content of the daily subsamples would Dbe accurately
2 determined, the average of the 8 subsamples not having an error

of more than 1 %.

(2) Decomposition would be preven ted.
(3) The final mixed A and B samples for chemical analysis would

represent as fairly as was possible the total bulk of faeces,

bearing in mind the great difficulty which would have been

o)

experienced in pre serving and sampling the total bulk of dung
from each animal for each trial period.
The writer, however, felt that there might be some loss
of nitrogen during the oven-drying of the Taeces. a4 gomparison was

of several
therefore made between nitrogen con tents/individual samples when
fresh and after being oven=dried.

The difference was found to be very negligible indeed and,

in ecertain cases, the nitrogen values obtained for the oven-dried
mterial were sl ightly higher than those for the fresh material.
This, it was felt, was due to the difficulty entailed in getting
a truly representative gample , of the very small size necessary

for a nitrogen determination, from sueh a heterogeneous mass as

the fresh faeces.

:
F
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(G} METHOD OF COLLECTION AND SAMPLING TLE URINE.

The desirability of determining the nitrogen balance
for each animal has already been outlined. After.Trial 1, it was
therefore decided to make an attempt at urine collection in the
same manner, as employed for the faeces and separate small buckets
were obtained for this purpose.

The attempt was not entirely suceessful. It was never
possible to make a collection from all the cows. Collection Irom
the Sussex heifer.. Nellie No 4 was always impossible, due to
quite frequent u.;cination when lying dovm,while collection from the
cow Susy No-+3A proved so troublesome that the attempt was abandoned.
From all other animals it was possible to make a very satislfactory
collection, throughout each trial and as with the faeces, collection
soon becams coumparatively simple.

After collection, the urine was imediately weighed and
the weight recorded. A portion was 'the;: put into a Winchester quard
bottle with the addition of some Formalin. (One of these bottles
was allotted to each animal, from which collection was being rade.
At 6.0 a.m, each day, the contents of these bottles were well
shaken and two samples removed frou each in test tubes. These

were taken to the Chemisiry pepartment where nitrogen contents were

determined that day.

(H) DAILY ROUTINE DURING EXPLZRI}ENTAL HECORDS.

6.0 a.mn, Two{fday-qtten;mnts arrive, sufficient
fodder chaffed up for this feed and the
next ;mixed thoroughly and sampled. poth
feeds weighed and bagged for gach animal,
Fodder, . ummaben by each aniial, weighed.
35 1b, foduer (25 lb, Sweet Potato vines)
fed., Water-tubs, emptied, cleaned and

refilled, Faeces weighed and sampled.

vrine sampled.

Bins
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Bing, buckets and bottles washed and
drained.

Floors swept.

Twogday-attendants then take over collection
from night ones. All samples, faeces,

urine and fodder removed,by writer, to

Chemis try Departument.

10.0 a.me~ 10.0 @.m. Fresh days supply of fodder brought in.
Kept under cover,
l.=- p,m., Mid-day ration (chaffed, weighed and bagged

at 6.0 a.m.) fed, 8 1lb. fodder (20 lb.

Sweet Potato Vine u) .
8.0 p.ius - 6.0 p.im., Two-night attendants arrive.

chaff, bag and weigh 40 1b, fodder (30 lb. g

sweet Potat o vines).

Fodder uneaten by each mnimal, during day.

Weighed.,

Above amount fed.

water-tubs, emptied, cleaned and refilled.,

Stalls swept down.,

Pwo-night attendants then relieve day ones.
This routine was adhered to as closely as possible, throughout all
expe rimen tal periods and is detailed to clarify any points which
may not be fully understood from previous descriptions.

It was arranged, as far as possible, that the bulk of the
work should always be done when all four attendants were present -
i.e. at 6.0 a.m. ami 6.0 p.i. This always ensured adequate
attention to the experimeital animals.

y periods only one attendant was employed.

puring preliminar
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(I) WBIGHING THE ANINALS.

Since no scale was available, at tho- Go%re‘rximant Farm, it
was necessary to send all animals up to the cdllego, in a special
cart ,ixsecl for that purpose.

The inadequacy of live wéight és a measure of nutritive
effect has been pointed out and  this method of weighing while
unavoidable, obviously leaves mich to be desired.for expérimental
purposés. .

The weights of all animals were taken at ﬁhe beginning
and end'of each trial and when possible on the last day of each
preliminary period, before the experimental period began., In
Trials 3 and 4 the occurrence of Public Holidays prevented this
last weight being taken. On consideration of the above points,
it was decided to bégin the experimental periods, as planned,

rather than prolong the preliminary peribds till weights could be

taken.

(7) CHEMICAL ANALVSIS.

In each trial both fodder and faeces samples wWere analysed

for the following constituents:-
Total Dry matter.”
v Total organic latter.
Potal Ash.
. 8ilica-free Ash .
crude Protein.
pure Protein.
Ether Extract.
crude Fibre.
Nitrogen-Free Compounds (by dirfercnety
erminations and all nitrogen de termination f'

sampld‘ﬁ ‘of urine ‘were made by the

All moistare det
ineluding those for the daily
stalf of the Chemistry Department.
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carried out by the writer.

1 2 ~ +%h o d o L9 N ~ s 1

A note on the analytical methods employed in the quanti-
~ g 4 4 [ e 2T 1 « o | ~ o -4

tative determination of the above constituents, is appended.

All samples were oven-dried for twenty-four hours till ’
weight became constant, before analysis. Analyses were alvays

v

made on duplicate samples.

Estimatiow of Ash.

This was done by the method normally employed in the

Chenistry Department

Estimation of silica.

After completing the estimation ef the ash content of
the sample, the ash was washed from the crucible into a small
beaker by means of dilute HC1, completing the transferrence wi tl
the help of a fine jet of hot water, from a wash bottle. This
was then brought to a gentle boil for 2 minutes and then filtered
through a suall ashless filter paper, washed thoroughly with hot
water and dried in a steam OVel. the filter paper plus silica was
then put back in the crucible and the procedure as for the estimat-

ijon of ash repeated.

Estimation of Crude Protein.

rhis involved the estimation of nitrogen content Dy the
Kjeldahl method. To determine percentage of protein, the percent-

age nitrogen is multiplied by 6.29.

Estimation of rure Protein.

rhe method adopted by the Association of official

Agriéultural chemists(lglbﬁ) jnvolves the peecipitation of the

proteins by sStutzer's reagent. While its use was desirable, the

writer however had no experience of this complicated uethod. In

addition the time available was rather limited. Since however 1i%

was desired, if possible, to determine values for the content of

pure Protein, the following less accurate but wore rapid wme thod

Was

;,
i
;
c
!
;




was adopted, This method was one.  outlined by Woodman for the use

of students in a course of practical Chemistry of Foods, during
which 1t was used by the writer.

The procedure : is outlined as follows:-
1.5 grams of sample was placed in a 500 cec, beaker and 80 cc. of

distilled water added, the content being stirred with a glass rod

s
and brought to a gentle boil. 25 cc. of a solution of Copper
Sulphate YCOQEuiHihs 60 grams CuS0..5Hg0 per litre) were Gthen

added and the whole brought to a gentle boil again, with continuous
stirring. 20 cc. Sodium Hydroxide solution (contéining 12.5 grams
NaOE per litre) were then added and the process repeated. purther
heating was then discontinued and the contents of the beaker
allowed to settle and filtered whilst hot, through a folded filter
paper of about 5 inches diameter. After the precipitate had been
washed completely onto the filter paper, washing was continued with
boiling water until the filtrate was Ifree from sulphate., The
precipitate was allowed to drain completely and the filter paper
and precipitate were then placed in a steanm oven to dry. When
dry,tﬁe nitrogen content was determined by the ordinary Kjeldahl
method and the percentage Pure Protein caleulated by multiplying
the percentage nitrogen by 6.25. The filter papers used,were

checked for poseible nitrogen content.

Bstimation of RBther Bxtract.

Percentage Bther Extract was determined by extraction

with the Soxhlet apparatus.

Estimation of Crude Fibre. .

The method employed for the determination of Cruue I'ibre
content was the British ofricial method (1L902) .

with feeuing stulis containing 2 percent, or more of
oil, it is usual in accurate work, to extract the oil berore
procoe@ing to the ribre determination, i.e. to use the resiaue
left in the eartridge arter the Soxhlet extraction. In the pre-

sent case however, this precaution 'Viih'fmiitted, the percentage of

of oil being very minute.

* -

NN




(K) CALCULATION OF RESULTS.

From the analyses obtained and the total quantities of
fodder consumed and faeces voided, the consumption and excretion
of each nutrient during the trial period was calculated, and the
difference between these, taken to be the amount digested. This
expressed as a percentage of the amount consumed is térx.cd. the

"Digestion Coerficient". This figure is calculated an a dry

A

matter basis since fodder and faeces have varying moisture contentsll

Applying the digestion coelficient determined for each
nutrient to the amount of it eontained in the fresh fodder, the
percentage digestibility is cbtained.

From the percentages of digestible nutrients the starch
Bquivalent for each fodder has. been calculated by the method out=
lined by Kellner (1926) i.e. using his "Production value" for each
nutrient and making the appropriate correction as specified for

coarse fodders.

In addition, as previously explained, (see pPart I, sectiony

A), the Starch Equivalent values have all been increased by ocne=

fifth.
In this thesis the amounts of dige gstible crude protein

protein and the Protein Bquivalents for each fodder have been

-

stated. This last value, as has been pointed out, is the differ-

' : " W /
ence between the percentages of crude and pure proiein. This

difference in the case of fodders is, as can be seen, normally
very suuall. Only in one case, namely Guinea Grass was the differ-

ence very marked, this difference being further emphasised by

the relatively small crude and pure protein contents of the grass.

The Butritive Ratid for each fouder has also been quoted.

This. figure is caluclated by meaus of the following expression:-

4 A 0oil x 2.3) ¢+ % digscarbohydrate 4 % dig:ribre
NeR. = (% digs %protein

gince the Nutritive Ratio defines the balance of a food

or ration, the suitability of a given diet for any speciflic purpose

may be checked by calculating its nutritive ratio, Since it is
-  Customary

TR
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customary to define requirements in terms of Starch Equivalsut and
digestible crude protein or Protein Equivalent, the conception of
Nutritive Ratio is superfluous, rations designed to supply the
correct amounts of Starch Equivalent and protein being automatically

balanced, In addition while the Nutritive Ratio calculated for

each fodder, by use of the above expression, remains unaltered, all
Starch Bquivalent values, as stated, have been increased by one- -

> !
fifth. The Nutritive Ratios.thep,so expressed, do not therefore '

truly define the balance of the feed.

from duplicate analysés of composite samples of fodder and faeces,

as previously mentioned.

-

;
All calculatioms have been made, using figures obtained 5
!
!
i
1

Tn the cage of the moistui'e determinadions and the deter-

mination of the nitrogen content of the urines, the figures used
has
for calculations has, in each case,/ been an average one, the nean

of all those samples of either fodder, faeces or each animal's
.
urine, which were analysed daily, during each trial. These average .

figures were used in order that all calculations should remain on

a comparable basis throughout.

In actual fact, variations. between calculations of the
total nitrogen content of any animal*s urine, tkroughout trial
de termined by (a) using an average figure, ds outlined above; and

(b) multiplying the emounts excreted daily by their respective .

nitrogen contents and taking the sum of these figures; were not
found to be very great.

while average nitrogen balance figures so obtained, it is |

felt, will serve as a check on live-welght measurensnts, a more
3 g

detailed investigation, as pointed out, is necessary for the

ments.

determination of protein require
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PART III.

THE RESULTS UBTAINED,
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TABLE l RESULTS OF TRIAL 1, BAMBOO GRASS. Paagnl\m,fasciculatum. 5
k.
B |
: Bamboo Grass Consumed Lb. Faeces Voiaed Lb. -
pate .
e Zebu sSahiwal Holstein sussex  zebu Sahiwal Tolstein Sussex
17,11,39 | 74 Bkl %0 66 35 28 40 3%
118 » | 68 56 64 57 31 27 43 29
19 =® 65.5 43 54 48.5 | 33 27.5 44 28
g0 67 56 78 55.5 45 27 38 37
: ;
lgg | 60 44,5 62 51 44 28 50 39
lag | Bl 46.5 65 51 38 27 51 35
|23 ® 60 52 .5 63.5 50.5 | 49 30.5  44.8 38
24 " 61 56 62 65 36 30 .5 43 40
|25 » 76 63.5: .73 48.5 | 37 82:5. 42 53 |
| B :
3 fzs " 76 53 68 54 38 27 40 52 ?
= :
we|{ TOTAL 668.5 552,5 655.8 545.,0 | 386.0 &85.,0 435.5 345.0
”‘ 290 17, 2o 280
=
3, .
a3 '
pr g ’i
Z IABLE 4, COMPOSITION OF BAMBOO GRASS AND OF FAECES. \
Silica ' Nitrogen
loisture -Free gSilica Cruue Pure Evher crude ~Free
Ash Protein Protein Extract ribre Extx;act
b % A % % A fo % S
: :
| Bamboo Grass Do.20 1,08 1.87 1.51 1,18 S0.29 W19 9,66
Faeces from:~-
l.Zebu 85,00 0.99 o L.16 1.00 O.11 4,80 7 .83
| 3.Holstein 85.30 0.80 1.48 - 1.06 0,98 0.08 4,88 6.99
| 4.8ussex 85,76 1.13 0.84 1.18 1.08  0.10 4008 .45




TABLE 5. DIGESTION CORFFICIENTS OF BA(500 GRASS. ~ il
Billea= " : Nitrogen | ..
Dry. - Free Crude Pure Ether Crude -Free !
l'atter Ash _Protein Protein Lxtract Fibrs Lxtract
l'Z.-bu 5208 50.7 blo3 bloz 78.2 61.* 5300
2,sahiwal 53,4 64.8 54.3 51.8 84.9 ' 63.87 496
d.Holstein 9&.9 50.8 46 .5 44,6 80.9 60 .3 8E<8
4.Sussex W Tk 48.4  48.3  79.1 B9.5 5.6
AVERAGE . 52,5 55.1 49,6 . 47.5  80.8 6L.0 _ 5L.5 .
: 3
.",\v,
TABLE 6. NUTRITIVE VALUE OF 100 1b. BAMBOO GRASS.
A\
TOTAL DIGESTIEE NUTRIENTS Lb.
DRY b Nitrogen ,
MATTER crude Pure crude Ether -Free SeBs* PsEe NRe
LD, Protein Protein Fibre Extract Extract LD Lbe
20,80 0.65 0.56 4,09 0.20 4,97 9.47 0.6k X.;: 16
CALCULATION OF STARCH EQUIVALENT. o
Digestible Cruue Protein. 0,65 x 0.94 = 8.51
" Fat 0023 X log.L e 0044
" Nitrogen-Free 5
Extra%t 4,97 x 1,00 = 4.97
" crude Fibre 4,39 x 1.00 = 4.39
TOTAL 10,41 X
i B v
Deduct Total Fibre 7 % x 0.56 2.58
7.88
+ 1/5 x 7.89 (ses Part I.Section 4) -
I tend ' Q.47
p————

The calculation of starck.tquitalmp, in all the rfollowing trials
have been nae‘ as a‘nog e xi‘v-w-mm . R

I.E.




‘would appear thats- : .
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IADLE 7.  WEIGHTS OF GOWS (LBS.).

1.ZEBU 2,SAHTWAL S.HOLSTEIN 4.SUSSEX |  Date

1022 760 762 725 6.11.59 |Initial weights

105s 757 758" 703 15,11,09 |Weights at begin
ning at enu ot
1075 741 * 8l4 740 87,11,59 |experimental
period

|

From reference to Table No.5 it will be seen that no figure has been |

stated, in the case of the Sussex, for silica-free ash. The digestio
coefficient in this case was caleculated to be over 100.

If algo reference is made to Table No.3 it will be seen that, on

the average, about 55 to 65 1b. of Bamboo Grass were consure @ by
animals daily.

On application of the nutritive values calculated it

D.lis S.BE. P.E.
55 1b. Bamboo Grass contained Sl 28 1D,  BeR 1b, 0,55 lb.
65 1b. - n s 15,7 6ed." . (0+52 1bJ d 0 A0
The following table‘ shows thq weights of all animals at

the bogihning of the a:gperimsnté.l period and their approximate

daily maintenance reguirements (see Part I. %ection Fy to the

nearest 100 lb., live-weight also approximate average daily consump= |

tion.
TABLE 8,
Live DelMe SeB.  P.E. |Lb.Consuned daily
weight approximate .
1lb. lb. 1b. 1b.
!
l.Zebu 1055 25.5 6.5 0,65 65 v
| 2,sahiwal 757 17,5 4.5 0.49 5% ] ¥
‘ : |
.Holstein 755 19.5 5.0 0.50 65
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In no case therefore, it would appear, dia the ration

eaten meet requirements for Dry Matter or protein, except. in the

case of the Holstein, while the supply of starch Equivalent would

hardly appear to have been sulfTicient to mdintam the Zebu.

On reference to Table No.7, 1t will be noted that the

animals all made gains in live weight, during the experimental

the

period, As stated previous, however, both the Zebu and/rHolstein

were becoming heavy in calf, The fact that the animals, particularly

the above two, appeared to gain weight, on such & ration, notwith- \
standing foetal growth, might suggest that the values obtained were
inaccurate. Alternéxtively, either live weight was not a true
measure of nutritive efiect or the stanuards were incorrect.

ap

The loss in live weight in the cases of the Sahiwal, ¥}
Holstein and Sussex, during the preliminary period might be accounﬁ‘;' 4
for by change in conditions and ration. All animals had previously i
been receiving grass and a very small quantity of m#al. It is
however thought to be questionable whether they would pieck up as
markedly, on such an inadequate ration as the Bamboo Grass was
shown to be, as their gain in live weight, during the experiuental
period, might indicate.

' The writer feels, however, that he cannot arrive at any A
definite conclusion, espoc'ia.l.ly in view of the continual approximet-

ion which has to be made, throughout suclh work.

-



TABLE 9. RESULTS OF TRTAL-2: PARA GRASS. Brachiaria mutica (stapf).

I

Para Grass Consumed Lb. Faeces Voided Lb.

- —

S

g 7 | Zebu Sahiwal Holsgtein susse§iZ¢bu sahiwal Holstein Susse
| 8.12.39 | 68 6l 72 66,5 | 40 53 58 48
B AR 54 70 58 | 51 29.8¢ - Sa8is
10w 68 42 76 67 46 28 o4 41
(11 = 64 64 8045, 78.5 | 44 . . 28.5 , 57.5 4648
18 = | 68 55 8l 69 36 28 57 44
13 » 60,5 61.5 72.5 68 4.5 29 55.5 46
14 75 63 80 79.6 | 34 28 51 47.5
15 n 78 74 87 79.5 | 39 a7 46 39 .
16 » | 88 61 87 91 < BT -1 86 46,5 41.5
Lag..» . |.84. .58 88 87.5 | 34 27 46 55

| TOTAL | 718.5 586.5  794.0 759.5 | 396.5 85,5 - 585.,0  452.0

\—‘c-}.' 7)--~a‘ a7 _)‘ﬂ.'

TABLE 10. COMPOSITION OF PARA GRASS AND OF FAECES.

; Silica i Titro-
' voisture -Free' Silica Crude  Pure Ether (Crude gen-
Ash Protein Protein Extract Fibre Free
j Extra
W % % i N % % % 3
Para Grass 80,10 1 .80 0.88 1.88 1,58 0.028 6.78 8.:21

)

T

Flncoa'from:-‘
i 840‘)5 0054 logg .].006 l.OO 0.20 5.54 6.02

1.Zebu ‘ :

2.Sahiwal | 81.85. . 0,58, 2.45: 1.1 . 1.86 0.5 ; 6.33, 748

5.Holstein 86.40. - 0.63 1,85 .1,00 . 0.96 @.14 4,79, 5601
0+ 55—+ 1+56—Tydd - 1508 016 4s71 - -5v9B

4.83ussex 86.00




TABLE 11.

DIGESTION COBFFICIENTS OF PARA GRASS.

| Silieca Nitrogen 1_
Dry -Free Crude Pure Ether (Cruae -Free |
5w Matter Ash Protein Protein Extract Fibre Extract
L Al j
| 1.Z28bu 56 .6 78,9 69,6 65.1 65,6 54.9 O08.0 !
| 2.Sahiwal §5.8 79.4 66,7 6r.4/ 62,4 |p8.4 'Big "4
i
d.Holstein 54.8 69.4 66.0 50.4 1.3 83,2 06,4 ,
4,85ussex 8.9 77 .8 65,8 68.5 72.8 59.4 58,9
AVERAGE 56,5 76,2 67.0 62.1  687.9 55,7 58,2 |
TABLE 12. NUTRITIVE VALUE OF 100 lb. PARA GRASS.
| |
f TOTAL DIGESTIBLE NUTRIENTS Lb.
| DRY ' : Nitro-
| MATTER | Crude Pure Crude Ether - gen- 8.E. P.:E. N«Rs
{ Lb. Protein Protein Fibre ExtTract Free . LD. Lb. Lb.
, ; Bxtract | '
19.90 1326 0.98 0077 0022 4.78 9.18 1012 1:7 E

TABLE 15. NITROGEN BALANCE (Units = Lb.) .
tal' X 0.50 Total
gaii (%4 ¥ in Total 4 N in Total TUrine 4 N in Total Total
Con=- JII‘QSS) Faeces Faeces N in Excret Urine N in KN out| BALATCE
sumed = Total Voided Faeces -ed Urine -put
N in"' .
take
l,Zebu 718.5 2.156 96,5 0.17 0.674  552:5 0406 1,197 1.871|+ 0.888
2.8ahiwal586.5 1.760 285;5 0.21 0.595 206.5 0,85 0,955 1.528 + 0.252

4
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TABLE l4. WBIGHTS OF cows (LBS.).

1.ZEBU 2,SAHIWAL $,HOLSIBIN 4.SUSSEX

Date

1075 741 814 740
1098 770 858 nog
1135 765 807 756

27,11.,59 | Initial weights

!
!

7.12.59 | weights at begin-

ning and end of
18.12,%9 | experimental
period

-

From referencd to Table No. 9, it can be seen that the
average daily range of consumption was Trom 60 to 80 1lb, of para

Grass. On application of the nutritive values obtained, it would

appear that:-

Do:-o S.Eo PoEt

60 1lb, Para Grass contained. 18 1b% " “B+¢8
‘70 n " " " 14 m» 6.4
80 " " " 16 n 7.4

The following table shows the weights of all animals at

the beginning of the experimental period and their approximate

1b., 0.67 1b.
ot o.78
» 0.90 »

I

aaily maintenance requirements, to the nearest 100 1b, live weightau

also aprroximate average deily consumption.

TABLE 15.
LD.Consuned |
%:I:;ht e g coedy .g?);igximato )
1b. 1b, 1lb. TR SR BB X
l.Zepu 10¢8 25.5 6.9 0.65 70 .
2,sahiwal 770 19.95 5.0 0.90 60
d.Helstein | 898 19.5 5.0 0.50 80
4,8ussex 756 - 17.5 4.0 0,45 70
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In no case were the requirements for Dry lNatver supyliéu but apart
from that the rations eaten contained an excess of stated require-
ments, particularly so in the case of the Sussex,

The results are rather conflieting. The nutrients retained

by the Zebu were least in excéss of stated requirements, the
Starch Equivalent supply being only just possibly adequate, Never-
theless protein supply was apparently adequate despite the animals
now advanved stage of pregnancy. Reference to Table No. 15 will
show the nitrogen balance in this case to be decidedly positive.

In the case of the Sahiwal while there was apparently a
loss in live weight of 45 lb, during the experinental period, the
nitrogen balance for this aniual wﬁs positive, about 10 % of the
total nitrogen ingested in each case, being stored in the bodies
of both the Zebu and sahiwal. The apparent excess of requirerents
for maintenance supplied, and the positive nitrogen balance deter-
mined, it is felt, is far more favourable evidence for con dinge
that the Sahiwal received a maintenance allowance than 1ta'ﬁpparent
loss in weight would be for concluding that it had not.

The Holstein also showed a loss in 1ive weight of 31 1bs =
Though nutrients supplied were apparently in excess of requirenents
for maintenance, it must be assuned on this evidence alone that :
this excess was insufficient for the added requirerents due to the
animal's condition. This however it is felt is questionable, on
condition of the evidence with regard %o the Zebu, also in the
same condifion and especially on consideration of the fact that,
the apparent excess of nutrients was narkedly less.

in that case,

without figures for a nitrosen balance further conclusion is not

the reasons for their absence in the case of this Holsteim

~y i

possible,
and the Sussex having been already stated.

The relatively slight gain in weight of the Sussex, in

view of the large %cess of starch Equivalent and protein, supplied

over maintenance would seell remarkable. This animal again lost

-oight during the preliminary period and seemed to take longer to‘

accustom itself to any change in ration, having the most nervous

a1epépifton of any or'the suilals ueed sud thorefore mignt be

‘ipbeted

33
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expected to require more{to regain condition

TABLE 16. RESULTS OF TRIAL 3., GUINEA GRASS. Panicum mazxirum.

ot | Guinea Grass Consumed Lb., Faeces Volaed LD,
iZcbu Sahiwal Holstein Sussex| Zebu Sahiwal Holstein Susal
| 2.1.40 | 44.5 .54.5 61.5 54 37400 81 4. 74040, o148
| '8« 490 - & 63.5° 60/ | 848 90,8 4.5 44
s> | 60 50 69.6 59.5 | 53  -51.8 48.5 47,5
5w 62 53 72 68 4 56 51 52
P 7 sc “on 9% 68 | 39 29 53 48,5
B "7~ "84 95 e S 54 46.5
8 65~ 73 98 89.5 | " 37 31 51 20
[ are | bt s DRt 87,6 70 §6.5 52.5 55 42
fo W tseg <~ g8 94.5 90 37 36 618 59 4
13 % 1178 . 6%.8 89 79 56 8. 60 53.5
TOTAL | 643,5 577.5 825.,5 689.,0 | 371.0 586.5 519.0 479.0

v

TARLE 17. COMPOSITION OF GUINEA GRASS AND OF FAECES.

Silica 1TTro

-Free gSilica Crude  Pure Ether Crude -gen=.
v S ggh Protein Protein Extract Fibre Free
; Extrae

% % % % % % % %

| Guinea Grass 78 .55 0.89 2.03 2.;a l1.12 0.28 7,45 | 8.6% :
! :

T

| Faeces from:-

1.Zebu g81.50 1.57 2.%2 1.8 1,.10 0,19 5.62 7.75
2.5ahiwal 79.75 2,10 2.09 1.51  1.23 0.19 6.13 8.49

: 5 5. 00 .75 1,06 0.14 5.33 6.0 &
3.};01812.1!1 80 .00 1048 & O b - |
4,Sussex 85.00 167 1,73 1.82371.09 0.20 5.27 6.81
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TABLE 18. DIGESTION COBFFICTENTS OF GUINVEA GRASS.

Silica Nitrogen
l?I‘YJ -Free Cruae Pure Ether Cruce =-Free
Matter Ash Protein Protein Bxtract Fibre Extract
1l.Zebu : 49 .6 - 6.7 o8.2 60.0 56,5 49,9
EOSahiwal 46 .8 - 6b.4 57 .8 Bl.1° b'é.G 4.'6.0
3.Holstein  50.0 - 66.5) 59.8 67,7 54,9 50.4
4.3ussex 45.0 - 62.9 4658~ 52,3 65,9 48.5
$%.
TABLE 19, NUTRITIVE VAILUE OF 100 1lb. GUINEA GRASS.
TOTAL DIGESTIRLE NUTRIENTS LDb.
DRY ~ Nitro
MATTER | Crude Pure Ccrude Ether —-cen=- S:sE.- P.E. N.«R.
LDb. Protein Protein Fibre Extract Free Lb 1,0 Lhe
Extract
21,45 1.%9 O 08 T 4,11 8.69 0.90 1:6
T e

TABLE 20, NITRCGEN BALANCE (Units = Lb.).

X 0.34 Total i . :
Total (% N in Total % N in Total Urine % N in Total Total
| Grass Grass) Faeces Faeces N in Excret Urine N in N out BAL AN

: gon- = Total Voided Faeces -ed Urine -put
' sumed N in- - 1lb.
L take |

2.sahival 577.5 1,964 _ 325.5 0.21 0.684 220.5 0.57 1.257 1.941|+ 0.08&

S,Holstein 823.5 2.800 519.0 0.28 1,455 401,0 0,67 2.01'.7 6.470‘ - O.’67

(U :




TABLE 2l. WEIGHTS OF CowWs (LB.)..

1.ZEBU = 2.SAHIWAL 3,HOLSTEIN 4.SUSSEX Date

951 755 76 756 18,18.99 |weights at begine-
: ning and end of
951 : 763 916 727 12,1, 40 jwhole trial. ‘

From reference to Table No.l6, it will be seen that the
average daily range of consumption was from 60 to 80 1lb. of Guinea
Grass. On application of the mmtritive values obtained, it would

appear that:-

D.M, S.E. P.E.
60 1lb. Guinea Grass contained, 12.8 1b. 5.2 1lb. 0,54 1lb.
70 » " by " 15.0 » 6.1 * 0.59 "
80 S " " 19.8 " 7.0 m 0.68

The reasons for weighing the animals ounly at the beginning ;
and end of this trial, as well as in the case of Trial 4, Guatemala
Grass, have been outlined. The following table shows the weights
of all animals at the beginning of the preliminary period and their
approximate daily maintenance requiremwents, to the nearest 100 1lb.

live weight, also approximate average daily consumption.

TABLR . 22.
LDb.Consuned
Bvny, Bl B oo B G s cave
Thea Lddket dualiie s ik
1.Zebu " 951 28,0 €0 0480, | | 60 :
| 2.saniwal 786 L7548 o 0naBifoo, 60 ; :
d.Holstein €76 20.95 5.9 0.55 80
4.5ussex 756 17,5 4,5 0.45 70




the amount, contained 1n the ration oaton by the Holstein, was

almost adequate. Except in: Qh@-agbszaghthq,zs!!iqdwxlﬁnld.appear
that sufficient quantities of gtarel Equivalent and protein were
supplied in the rations eaten, with some excess in adaition. :

On reference to Table No. 21, it will be scen that the i
weight of the Zebu apparertly remained constant throughout iho whol,o':'

trial. The weight of the Sehiwal increased appreciably,that of tho*‘ﬁf
i
Sussex decreased slightly while the Folstein lost weight considerabl]

s
over the sare period. However, on reference to fable No. 20, it can

L

I

be seen that the nitrogen balances for the Zebu and Holstein were
negative, There would, though, seem to be some eonnection between
the live weight fluctuations and the extent of these balances. :

Where the live weight of the Zebu has remained constant, ‘.
it will be noted that the negative balance is quite-appreciable.
In the case of the Sahiwal which had apparently gained weight the
positive nitrogen balance was comparatively slight while the |
Holstein not only lost weight considerably but also showed a won-

siderable nezative balance of nitrogen.

The Holstein had just been introducod into tho experimen "-.'3;\
at the start of thia trial and was, in adaition, rather nervous at

first. It may be that this was responsiblo, to some oxtant for .'

her performance. It is fel% that the nitrogen balancci are far

more indicative of the eftect of the ration, in any case than are .

the live weight measurements but especially in view of the state

of the Guinea Grass oxamined. No definite cxplanatign can however

be g'i‘von for the uiscrepancy petween the calculated values of the
‘prations consumed and their actual values when fed.

It will be noted that no figures have been given for thv

digoatian coerficients of silica-free ash. - The digestion coofﬁcio

for this, when caleulated were Tound tq_ be over 100.
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TABLE 33, RESULTS OF TRIAL 4. GUATEMALA GRASS. Tripsacum Laxum.
g Guatemala Grass donsumea Lb. Faeces Voided Lb.
Zebu gsahiwal Holstein Sussex | Zebu Sahiwal Holstein Sussex |
| 2B.1.40| 75 65 87 80 95 18 o4 3645
| 23 69 57 76 74 40 21 57 40
|24 " 66 58,5 75 66 54 21 . 40.5 57
.85 » 70 61 81 68.5: | 32 ... 21 56 54.5 |
26 " 74 54 65 77 87.85.48 38 5%
27 71 67 9L 77 | 37 54 58 59
28 " 64.5 58.5 83 76 54 20 44 56
29 n 71 66 73 .5 73 56 25 57 59
30 " 65 o8 74 66 52 25 38 57
31 " 69.6 60.5 82 71 38:8 - 23 40 35
TOTAL| 695,0 597.5 787.5 728.5 | 548.0 250.0 382.5 '067.9_1

Y W 37"‘ & e Tk
TARLE 24. COMPQSITION OF GUATEMNALA GRASS AND OF FAECES. i

: S Fure Ether Ccruue hé '

¥ ure -Free sSilica Cruae U - egen

i s Agh protein Protein BExtract RPibre . )

LXe1

| % % % % % % % 9@(

! g‘:‘:g:mn | 81,05 0.48 0.90 1,75 A il 0.71 7.49
i |
|

Faeces from;=- : |
l.Zebu 83.30 0«77 1.58 1.88" 1.086 C.62 5.74 6‘.8.,
4.3ussex 84 .15 0 .85 0.75 ki, O 1.19 i Qe 0.86 6 .60
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TABLE 85. DIGESTION COEFFICIENTS OF GUATEIALA GRASS.

silica Ni1Cro
leg{t :-Free Crude Pure  Ether (Crude -gen-
| er Ash Protein Protein Extract Fibre Free
Bxtract
l .Zebu 55 09 l8 o4 61 .8 bﬁ.! °6 04 6.]. 06 54 06

8.sahiwal  60.3 26.0 < 68.8 58.0 ' 65.8 67,9 56.2
3.Holstein  62.4 26.0  65.3 . 56.5 65.4 66.5 68.3

4.5ussex 37 .8 15.8 60 .8 50.8 65.9 60.5 - §7.5

AVERAGE 59.1 21.1 62.7 52,9 63.4 64.1 58.4

TABLE 26. NUTRITIVE VALUE OF 100 1b. GUATEVALA GRASS.

TOTAL DIGESTIBLE NUTRIENTS LD.
DRY Nitro
MATTER Crude Pure Crudae Bther -gen- S«Bse P.BE. N.+Re
1.b% Protein Protein Fibre Extract Free
Extract
18,95 1.10 0.80. 4.80 0.45 4.35 |10.22 0.85 1:9
. kg 45
8.2

TABLE 27 . NITROGEN BALANCE- (Units = LD.).

x 0,a0
| : Total (% N in Tetal % N in Total Total % N in Total Total
| Grass Grass) Faeces Faeces N im Urine Uring N in I out|BALANCES

gon- = Total Voided Faeces EXcret Urine -put
take :
l.zebu 605.0 1.940 548.0 0.20° 0.696 564,0 0,55 2.003 8,695 = 0.758

2.gahiwal 587.6'71.6%5 2300 0.23° O0.0N9 439.0 0,31 1.53011.839 - 0.4

$.Holstein 787 .5 ' 2,205 362:5 0.,83  0.860 441.8 0,95 1.040 8.429 - 0.280}

TABLE 28. WBIGHTS OF COWS (LB.) »

1.,ZERu 2.8AHT WAL 9 .EOLSTEIN 40§§SSEX pate

‘ 727" | 18.1.40 | weights at begind
o o 78 . ning ana end of §
977 783 850 750 _ 1,2,40 | whole trial. i




From reference to Table No.23, 13%11 be_ seen that the :
average daily range of consuuption was from 60 to 80 1b, of cuaten
Grass. On application of the nutritive values obta.ined it could
appear that:-

_DeMs  8.E. P.E.
60 1b. Guatemala G-I'&.BS contained. .1l.4 lb. 6.1 1lb. 0.51 1lb.
b B " . " 13.5 " 7.8" 0.59 "

80 " " " 15.8 » 8.8 " 0.68 »

Like that for the Guinea Grass the following table dhows -
the weights of all animals at the begluing of the preliminary :
period and their approximate daily maintenance requirements, to

the nearest 100 1b, live weight; also approximate average daily

econsumption.

TABIE 29.
L . 52 Mg
" Live D.M. S P.E. |suned
Weight daily
j 3 TN 1lb. 1b. {approximate
-1' :Z.Gbu 951 23 -o 600 0 060 70 87 "
3.Holstein 916 20 +5 5+8 0.55 80
4.3ussex 727 17.5 4,9 0.45 70

‘been et or mostly exceeded.

Bxcept for DI¥y Muner,requirex..ents would appear to Have
Bﬂference to Table No. &8 sho;us

that except in the case of the Holstein, there were gaq,ns in live
';1@t during the whole of the trial. Againm, Lhowever, as in the
sults Tor Guineiar,.Gra.a.sfﬂ,_ﬂBhe og:l.'c}?;nce of the e

| \tradictory. In this case
nitrogen balances in 'ra‘glﬁ_,NO-‘ 8'{,,&,8 Q%_‘ lfy e a®
' £ o  thems

; = _~‘
AR e

previous set of e



there seems to be no connection between the live weight fluctuations

and the extent of the negative nitrogen balances determined and

again no definite explamation can be given for the discrepancy.

TABLE 50. RESULTS OF TRIAL 5. SWERT POTATO VINES, Ipomea batatas.

e Sweet Potato Vines Consumed LD Faeces yoided Lb.
Zebu Sahiwal Holstein Sussex |Zebu Sahiwal Holstein Sussex
10.2,40| 59 57,95 69.5 o9 : &6 28 o8 25
i1 » | 66 54.9 68 62.95 o0 ol ol &7
| 18" » | 61.5 99 66 58 | 33 27.5 86.5 28.5
9™ 5.5 56.5 67 .9 bls} | 3649 26.5‘ 56 28.9
1l4 " 67.95 59 71 58 34 28 37 25
SR 66 o9 70 516} 050 &9 53 23,9
'16 ™ 68 58 69,5 54,85 | 385 29.5 319 22
2 v v 67 98 .5 ©8 60,5 | 49 08 o4 &7
| A8 = ; 62 o6 72 60 .9 o6 28 ol &4
i9 * 69 61.5 68 69 o8 515 o7 ob
TOTAL|651.,5 ©575.5 665.5 579.0 |©41.0 295.5 559.0 266,56
31 3 H L@
TARLE 1. COMPOSITION OF SWEET POTATO VINES AND OF FAECES.
gilica A?itfo’
hoisture ;ziee oy gigggin gigiein gzggzct Sf%gg Fgge
Extract
' B % % % % % % % %
;3:3:2 e 78,1 0,70 1.68 2.81 2.5 0,61 5.89 10+231
iFaeoes from:=- 1
1.Zebu 8218 - “INTS 1,65 1.69 1.8 0.50 7.20 5.28
2.8ahiwal 81,05 - 1.77 1.47 1.75 1.60 0.8 g.,21. 9.42
d.,Holstein 80.76 1.89 1.62 1.94 1.94 0.96 B8.09 5,55
4.3ussex 79,55 2.01 1.74 2.19  2.07 o.09 8.06 6,06
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TABLE 52. DIGESTION COEFFICIENTS OF SWEBET POTATO VIIES.

‘__—_—_—-_-—_——_—__—

silica Witro
3:’% -Free Crude Pure Ether . Crude =-gen-
| latter Ash Protein Protein Extract Fibre Free
l’ Bxtract
1l.Zebu 56,76 - 65.79 65.74 7.8 “37, 9% 78511
2.5ahiwal A e 67:77. .. 61.64 . 78.50. 35,41 78,11 |
5.Holstein 586 .83 - 64,97 54,08 70.00 32,45 72,65
]
} 4,3ussex 57 .02 - 61.67 55.62 70,58 39.10 72,14

TARLE 935, NUTRITIVE VALUE OF 100 1lb. SWEET POTATO VINES.

TOTAL DIGESTIBLE NUTRIENTS Lb.
DRY ‘ Titro
MATTER | Crude Pure cruae Ether -Zen- S.E. P.Be. N.R« £}
Lb. Protein protein Fibre Extract Free LD, Lb. o |
Extract
21.90 1.85 1.27 2.19 0.46 7.98 18,08 1.5 1:6

TARLE 4., NITROGEN BALANCE (Unite = Lbs) .

0.45 .
Total ](:;t N in Total % N in Total Total % N in Total Total
Grass Grass) aeces Faeces N in Urine Urine N in N out|BALANG

Con- = Total Voided rPaeces Excret Urine -put
sumed N in- -ed
take

Rt “adataih gur  H0.s PPl TIPS VRERD. .59 1018 3.401 40.150

$.Holstein 865.5 2.995 539.0 0.51

1;051 514.,0 0.56 1,727 2.778 $0 .217

—
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TABLE S5. WEIGHTS OF COwS (LB.).

1.ZRBU 2,SATTWAL S.HOLSTEIN 4.SUSSEX

977 783 850 7560 Initial weights.

879 791 869 752 weights at beginning and
end of experimental riod.
963 784 879 750 b =

From reference to Table No., 40, it will be seen that the
average dailj range of consumption was from 55 to 65 1lb., of sweet
Potato Vines. On application of the nutritive vglues obtained it
would appear that:- |

D.ll SeE. P
§5 1b. Sweet Potato Vines contained. 12.1 lb. 6.6 1b.  0.85 1b,
65 " " " " 14,0 " 7.9 " 1.00 =

The following table shows the weights of all animals at
the beginning of the experimental period and their approximate

maintenence requirements, to the nearest 100 1lb., live weight, also

approximate average daily consumption.

TABLE ° 96.
1.0.consuned
%:ght D.17s 8\Bs PR, gglx:gximte
1lDb. 1lb. 1b. 1lb. |

l.Zebu 979 22.0 6.0 0.60 l 65
2.sahiwal 788 - 19,8« 5.0 .0s80 | 55 |
d.1olstein 869 20 .5 5.5 0.55 65 i
4.8ussex 732 17.5 4.5 0.45 55 L
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It can thus be secen that exeept for Dry latter, all
requireuents were apparently exceeded, in the rations consuied.
on reference to Table No. 35, it can also be seen that the zebu
and Sahiwal lost weight while the Holstein and Sussex made gains,
though in no case were the fluotuatidnq, in live weight, throughout
the whole trial, very great. >

Reference to Table No. 34 shows that the nitrogen
balances of the animals for which the balances were determined were
satisfactory. The Zebu showed a slight negative balance but, on
consideration of the method of caleulation, this cannot be

emphasised, : )

' In this trial also, the digestion coefficients for silica- .
free ash were found to be over 100 and so have not been guoted.
This occurrence was algo pointed out in Trials 1 and 3. The writer:'ii\;
is at a loss to explain this and can only indicate the errors which 2

may occur in the calculation of the digestibility of ash (gee Part I

sectim.D-?o)o : . -{4

[
<o
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(A) COMPARISON OF THE NUTRITIVE VAIUES OF THE FODDERS EXANTNED,

From reference to the nutritive values calculated, by the
method outlined, it would appear that except for the Bamboo Grass,
all fodders were capable of supplying tize requirements of gtarch
Bquivalent and protein. In fact these were often in excess of
requirements. However, on reference to the individual results of
each trial the samples ol the Guinea and Guatenala Grasses could
hardly be said to have proved satisfactory, and, in these cases,
their calculated values, as providing a maintenance rations were
not confirmed. This is in agreement with the writer's feelings
on Ghe sﬁbject of those particular samples. The Guinea Grass, as ,,
pentioned, though statécl to be little older than two months was
vecoming hard while the Guatemala Grass,four months old, was dis-
tinetly past its ideal stage for feeding. '

Despite being in flower, the Para Grass, it is felst,
rather substantiated its reputation for nutritive value while lastlfri
the éweet Potato Vines, as expected, proved to be of superior :
feeding value to the other Todders exauined, thus confirming thLe
value claimed for them, as a feed.

The most serious eriticism which must be made for all
fodders is with regard to dry matier content. In this respect, all
eaten were unsatisfactory the dry matier supply, in hea'rly

rations

every case, being far below the standard reguirements, rations in

gome cases being as much as five To ten pounds short. While serious:

in a maintenance ration, 1T mist also be obvious that, under such

eircumstances, it might Dbe difficult, even with the addition of

concentrates, for én adequate amount of dry matter to be supplied.

The importance of an adeguate supply ol bulk in the

rations of cattle cannot be %00 heavily stressed, if maxiruu

digestibility is to be obtained. uUnless a sufficiency is survlled

digestibility will pe impaired and the aniral may experience dis-

In addition this lack of dry matter, ag in the present
be romdisd oy ﬁmgr consuq:tion since the
anina)

comfort.
experiment, cqnnot

g ’w
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aninal has already probably consumed its maxirum of groen roughage.

This low dry matter content is also a sérious criticism
to be levelled at the maintenance rations recorvended by Maule
(1€30) of the fodders he examined for cattle.

In the present experiment a counsiderable .portion of each
aninalts ration was water and it was noted that very little exira
water was drunk, in additibn. The congistency of the faeces was
not markedly affected iy thg cagse of the four grasses, remaining
just solid th:’t‘oug;out. During Trials, however,. the faeces of the
animals, eating Sweet Potato Vines, changed considerably, beconing

darker and considerably looser, though the animals showed no signs

of scouring. In addition to low dry matter content, the relatively
high protein content of the ration may have been partly respousibl’*';;
for this. With regard to the feeding of Sweet Potato Vines, it
might therefore be considered advisable, to allow wilting to take
place before feeding, thereby causing loss of some of the ‘excess
moisture. In this state, it is claimed by some that therg is no
loss in nutritive value, though the animals did not. take quite so

feadily to it, when fed like this during the preliminary period of! “

trial. This course naturaliy cannot be advised where grasses are

fed.
Amounts of urine, excreted daily, did not in any case

remain constent but on the whole excretions sceued often to be
maﬁo with fairly regular fluctuatiouns - & large quantity one day,

fdllowad by a smaller quantity the next. As might be expected,
however, it can be seen, if the figures are cowpared, that higher
moisture content in the fodders was accomplished by greater amouutsA 3
of urine excreted. y *

| In the light of the above, the effect of the rations fed
being perhaps not as marked, as their calculated values might

indicate, might partly be attributed to their low Ury Matter
’
fcantents Alternatively, the success of soue is surprising, on

consideration of this asPoct and as a result, the accuracy of the

for dry mttor uaeﬁ, might be que stioned,

SN . \_ ¥ S 36, A

standard gequiren.e_rltﬂ
=R & - ’Tho




The criticism which has been maue of Guinea Grass, 8s
being a relatively dry todaer, in the lizht of the abo.e, night be

claimed as an attribute.

0 \
o et iy
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(B) COMPARISON OF THE DIGESTIBILITY OF Ti® FODDERS EXANTVED.

: digestion coefficients obtained
The Iollowing table shows the average/ror the following

nutrients, in each of' the fodders examined.,

TABLE 937.
Sillica N1tTro
Dry Crude Pure Crude Rther -Free -geun-
Matter Protein Protein Fibre Extract Ash Frece
Bxtract
1 .Bamboo 2.0 49.6 47 5 61.0 80.8 5051 819
2.para 56 .5 67.0+ 63.1 55.7 @%.9 76.2 58.2 |
3.Guinea 4709 6503 67-9 54.7 60.5 - 4&.5
4 .Guatemala 59.1 62.7 52.9 04.l 63.47581.1 = 684
5.3.P.Vines 56.1 5. 3% 50,5 BE.1706,01 72 o3 U

Prom this it would appear that aigestibility or nutrients
was considerably highdr throughout in the Para Grass, Guatenala
‘Grass and Sweet Potato Vines than in the Bawboo Grass and Guinea

grass. oOn consideration of thé ‘varying stages of growth and

condition, in which the fodders were cut, howsver, the above

felt, afford a fair basis for compurisai.

table does not,.it is

From this table, however, geveral points are noticeably out standing.

In the first place the great variation in the extent $o which some

of the éame nutrients were digested, in dirferent fodders e.camined,

mist be evident. In the second place the generally low uigcstioﬁ

ecoelficients of Guinea Grass) except for Crude Protein imst De

"nbted, this being rather” in-agreement with what might be imagined
from the conditiom of the grass. on the other hand, considering
its




y -

1ts age, the relatively high digesti bility of, the Yuaterala Grass ‘+

iust b° coumended though this was Probably enhanced by removal of 5, _
dead material, as explained. e ;
The Para.Yrass,, as can be seen was, on the whole, the
most highly digestible though only slightly more tham the Sweet
Fotato Vines. .The very; low digestibility of C¢rude Fibre, iam.that
fodder, is noteworthy, this being orrfgf by a higher digestibilivy
of nitrogen-free exiract.
There was,. as, efn be geen from the tables of resultis,
soretines considerable variation bebtween the digestion coed‘icients
- of the four animals, for any particular nutrient, this not being
evident frowm the above table. There scemed however to be no
connection between these variations, the extent of the digestibility I»
of any particular nutrient in any fodder, by any one animal, not
remaining proportionally conptant in relation to that by the other
animals, in the other fodders.
In general the digestion coefficients ¢f the sussex were
slightly lower throughout the experiment. In no case, however, it
is felt, could it be really said that the Imdian animals i.e. Zebu
and Sahiwal sBowed any higher digestive capacity, particularly in ."\
the case of Crude Fibre. '
The digestion coefficients for the various nutrients

compare very favourably with those obtained by lMaule (1930), using
~(1

cross-bred cows, for Uba Cane, Cane-tops and Elephant Grass also
thos obtained by Hobbs (1931) for 'savannah Grass, with six Zebu
oxen. In this last case, the digestion coefficients were not out-

standing for crude fibre though no inference can be drawn from this 1:;

evidence alone.
paule (1930) also found variations between individual
ﬁimla in his three trials and pointed out that this tended %o

sho', either that individuality has a greater inf'luence on the

digestibility of faood stuffs than is attributed to it by Armsby or

xellner or, that the variationm observed may be connected with the
’

theory that native or Indian “animals a:re mb'?" ‘econorical in digestion,
¥ The
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The writer finds himself in agreement with the first of these statc&,
ments. As regards the second, the implication is uncertain. 4
economy in digestion implies less requirements for maintenance, the
writer feels this is dependent upon the previous plane of nutrition.
The writer's contentions in this respect have alredily been stated.
The pure Taurus animal is obviously at a disaévantage in this
respect, to tlie pure Indicus, when imported into Trinidad but among

local Zebus and cross-bred animals it 1is uncertain to what extent

this economy is inherited or how long it can be maintained, under
dirferent conditions and upon another plane of nutrition. consequent
ly, with no particular data available, it is difficult to predict
to what extent maintanance re'quiremnts for Trinidad animals differ
from those recomuended by English feeding standards.

Neither Maule*s nor the present results, however, give any “-
definite indication that higher digeétive capacity is retained with

Zebu blood, when animals are bred and acclimatised locally.

(C) COMPARISON OF THE APETITES OF THE EXPERIMENTAL ANIMALS AND OF

. THE PALATABILITY OF THE FODDERS EXAMINED, £
2

As previously stated, the experimental animals were allowed
to eat as much as they desired. The following table shows the

average daily amounts of the fodaers consumed during the experimental

periods.

TABLE 8., X
Bamboo Par& guinea G(Guatemala g.P.Vines

l.2ebu 67 ‘a2 - 64 ; 69 65

2.sahiwal 55 59 58 60 57

d.Holstein 65 79 82 79 67

4,Sussex 55 74 | 69 : 75 58




The small variation in the average daily emounts conaumed"f-’
by the Sahiwal and the two Zebu animals (A used in Triais 1l and 2
and B in Trials 9, 4 and 5) is noteworthy. The palatability of the "
samples, except in the case of the Sweet Potato Vines, is in
genoralf indicated by the relative amounta,oons;.mgz,t_nokx_lgh not in
every case.

Of the grasses the Para Gi‘aas was undoubtedly the most
palatable and the Bamboo (Grass quite definitely the least relished
by the emimals. The ‘relatively large amounts of Guatemala Grass
eaten, consiuering its age and condition, is surprising. The
writer has no hesitation in saying, however, that of the samplgs
exariined, the Sweet Potato Vines were the most acceptable of all
the fodders examined, to the animals.

That the palata.bility is also rather indicated by the
rapidity with which the animals take to the fodder is shown by
the rqllowing table of the average daily anounts of the 'fodders

congumed during the preliminary periods.

TABLE 39.

pBamboo Para cuinea Guatemala” S.P.yines
l.zebu 50 66 50 67 58
2.sahiwal T St 49 56 57
3.Holstein 53 69 61 79 65
4 ,Sussex 46 56 60 71 59

was little var

From this it can pe seen that except by the Zebu, there

jation in the daily amounts consumed, during the

s el of Sweet Potato Vines, though as mentioned, the sample

fed during the preliminary period was older and harder than that

fed
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fed during the experimental period. The smaller amounts of Pamboo
Grass consumed, during the Preliminary period, point to its relative
unpalatability and the animals distaste for it at fimst. The above ‘
was also the case for the poor sample of Guinea Grass examined.

The above figures further emphasised the palatability of the !
Guatemala Grass but the relatively lower figures in the case of the}
Para Grass are due it is felt to rather poorer quality material \

being fed during the preliminary period.
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CONCLUSION AND s.

At the odutset, the writer feels that he may be severely
criticised for devoting too little attention to the results
obtained from this experiment and too muech to other aspects of the
general problem., That this course has however been taken was partly
due to the following reason. owing to the ti‘me, taken in conducting
these trials and carrying out chemical analyses, no results could
be obtained before early April. In addition, previous to that date,
little time was available to the writer for a consideration of any=
thing but the undertaking in hand. 4s a result, & this thesis was
to be presented before the end of the seasion certain omissions
would have to be made. The m-i'ter'é reasons for choosing to fore-
shorten his discussion of results it is hoped will become clear
from what follows. '

In the earlier part of this thesis attention has been
drwan, as closely as time and space would permit to some of the
many limitations to such experimental work as this, some of which
must be apparent from a considere;tion of the whole experirent.
Unless these limitations are fully realised, the actual value of
any results obtained cannot be truly estimated and if such results
are merely stated without. reserve they may be &uite misleading if

used in the computation of rations. Therefore it was felt to be

essentiai to nake clear these limitations before trying to draw

any inference from results actually obtained.

wpo initiate an experiment or series of experinents to

determined the digestibility and nutritive value of some of the
fodders commonly fed to cattle in prinidad", Maile (1930) states,

wig desirable in order ©0O determine the amount of a fodder that

should be fed to dairy cattle, to supply maintenance requirenents,

as given by Wood or yorrison for cattle in Zurope and suerica,
and hence calculate, using these figures for coucentrated foods,
and figures calculated' from the results of this experiment for
for dairy cattle and draught oxen in

local fodders, rations B R A

Trinidad”. o
while
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While this was probably unavoidable due to lack of any
better values, the writer feels that the above resclve was any-
thing but desirable. Nevertheless Maile follows up his work by
calculating various rations in the above manner and estimating
nutritive values per acre of the fodders examined., Tn such a wide
application of results, to both dairy and working stock, from a
single investigation, it is felt, may lie a distinct danger.

Even Bad time permitted, the writer would have had distinet
hesitation in following a gimilar eourse.

Apart from the fact that there is no’ proof that feeding
standards in America or England are applicable in Trinidad it has
also been pointed out how different nutrivive values, obtained in
those two countries, nay be when similar feeds are utilised here.,
Even assuming any concentrate used was identical, there is no
proof that the roughage necessarily utilised in the detemination
of the concentratets nmutritive value in either Eggland or America
even approximated to those, likely to be used in any rat ion with
it in Trinided. Tn no particular phase may the error be large but
from what hés been pointed out with regard to the associative
effects of feeds when cembined in rations, to say nothing of the
error whiech may occur in the :alculation of nutritive valusg frou
tables of digestible nutrients, it is felt, that the possible

margin for error is considerable.

- inted out the desirability of com-
Wande 1030 Xal eope composition

paring the digestibility or even chemical/of the fodders in differs.

ent stages of growbh, ih order to determine the most nutritious 3

stage for cutiing and feeding to cattle. Since that time there

nave been ¢onsiderable advances in the knowledge of the chewical

composition alone ,of the main fodder crops. As has been pointed

out,however, chemical composition
digeatibility determinations, no

alone is no sure indication of

nutritive value .. AS regards

further work has been done except by Hobbs (1931) for savannah -.,k_

Grass, till the present jnvestigation. In this ease however the
’

SHaEToe WOIC examined in mlﬁm* stages of E,rowth
: "-u;f N @‘

fodders




and'condition that it is felt that the values, obtained for them
do not provide & sound basis for comparison', without further ;.
confirmation. |

These conclusions would so far, it is regretted, scen to
be destructive rather than constructive. However if this work is
to be continued it"is hoped that the f8llewing recommendations,

arising as a result of the present work, ray be of value.

1. That the digestibility of the main fodder crops be compared nob
only at different stages of growth but at differént seasons of
the year. If this is to be done, it is felt that the crops
should be grown for this purpose, under an approved system of

managenent im order that they may be examined as desired. «

2, That as a result of ‘the above when there is a sound basis for

-

comparison, the most desirable fodders be ineluded in rations

with local feeding stuffs, to test how far these may meet require=
ments. If thought to be satisfactory these rations can then be

tested out in practice to determine whether they serve the
v ¥
purpose for which they are intended. ol

that o R
3. That. in oxder. /- this may be done successfully,the nitrogen __‘.f/.,f,

balancea of animals under trial be determined and their protein

economy be studied, since protein is the limiting factor in

Prinidad rations. Tn this respect the following it is felt

deserves mention. Watson (1940) has recently drawm attention ’.ﬂ'f

to the work done in Germany on the Possibility of saving protein,
in the rations of ruminants, by feeding simple nitrogen oompounds;

such as urea, glycol (amino aceti¢ acid) and ammonium acetate.

While as he states, "upon the whole it seems unlikely that these

substances seIwve as actual sources of protein, it does seeum,

however, that they prevent the breakdown of true protein in the
’

' rumen - the bacteria 1iving upon the simple nitrogen compounds

in prefe-ence to the food protein . A$ any rate, in most trial.,_‘j:!
a protein-deficient ration, reinfareod with urea, &c., has given
| tion itself
better :eaulta “than the éoi‘ieient ra ,
d‘fmi “ly » v 4 PO : rz,.;.;h\f : @\:{;}ﬂ,}&“ B !

% ¥ ;" e 4 "
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almost as good results as a ml;'w"?ﬂ}?z%‘t"' In additidn :
work by Hert (1939) and associates points to the conclusion that
not only can non-protein nitrogen be utilised by ruminants but
that 1t is most efficiently utilised when soluble sugar is given
simultaneously.

Therefore, in view of the plentiful supply of molasses,
it is felt, that if supplied of non-protein nitrogen could be
obtained easily and oheaply and, after experiment, it was found
possible to incorporate them with other feeds in rations, much
of the difficulty with protein supply might be ngi'cona.

4. That the animals utilised should be as nearly uniform in every
way possible and if dairy cows are o be used, the writer's
remarks in Part II. Section B Dbe regamed.‘

5, That if such work is to be done, provision should be mmde for a
more complete chemical analysis and attention paid to the mineral
aspects of the problem.

Finally it might seem that the recomuendations outlined

cover rather an extensive field. However neither the importance ner
the necessity for such work needs stressing but if it is to be of

real value some definite systematic programue ol re gearch should,l/

/

it is felt, be established.
prinided is comparatively well off for both fodders and

concentrated feeds amd while it is not in any way implied that the

rationing of cattle is uxlsound, it is felt that there is distinet
room for improvenent, if the best use ds to be made of lecal feeding
sturfs.

That the work outlined by the previous recommendaticus

be very expensive canniot be doubted. However, if by it a

qge of the nutritiva values of the fodders alone

would

more exacth knowle

and when eombined in rations is obtained the initial expense would

Not only by the above work would it bg possible

!
-
H
i
1
3

be well repaid. '
for the most eccnomical rations to be determined but also the full

eds could supply requirements could be
Q;fsegdgjng standards an

extent to which local fe

ascertained. The application of “?9@&‘?&1

 mutritive velues in ilie somputatick

AN
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With the deternination of the value of certaim basic rations composed
of available Tfeeding stu;‘fa and balanced for particular purposes,
the above; it is felt, could largely be aveoided.

-

#, #kL

SUITTARY,

1. The digestibility of the following five fodders in varying stages
of growth and condition was determined, when fed to cattle.

l. Bamboo Grass - Pa;splum fasciculatum,

2. Para Grass - Brachiaria mutica, (stapf) .

d. Guinea Grass & Panicum maxinmum.

4. Guatemala Grass - Tripsacum laxum.

3. sweet Potato Vines = Ipomea batatas.

2, The nutritive values of the above I'oduers were calculated by
me thods outlined ana are thus expressea, in 1b, ot bry L:atief,
starch Equivalent, Protein Equivalent ana digestible Crude |
Protein, per 100 1b. of the fresh material, as followsi=

DeMs Saelis P.L. Digestible Crude
- . Protein. ..
‘1.Bamboo Grass 20,80 - 9447 - 20,61l ioa iui. 0465
.8.PRra Grass 19.90 . 9.18  1.12 1.26 ;
. .8.Guinea Grass . . 21.46 . 8.69 T 0.90 1.39 - L

4.Cuatemala Grass 18 .95 10:22 0.80 L.10

5.8weet Potato vineszl.9% 12.08 1,58 1.88

3. The resulls were not aitogether satisfact'éry in that‘the erfect

of the ratiems fed, particularly in the case of the Guinea and

Guatemala Grasses, was not as marked as the oalculated nutritive

1 o Wi ghe indicate. This may have been, to soue extent due

the fodders examclned whioh in every

$ g ags g,

\ to the Dry uattar content of

o‘se, was decidedl}' too lows ; 1?‘*‘{&‘3‘.}.

43
. t did not
4, Tho remlta jndicate (&) that thn Bmhoov Géug ra 1on

supply @ pufriohnt quantity of pro

‘ ."h‘ mintenamce n
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Grass, (c) that the sweet Fotato Vines were undoubtedly the most
gatisfactory fodder examined, in respect of both palatability
and nutritive value.

5. The varying stages of growth amd condition in which the fodders
were examined precludes a true comparison of their nutritive
values and, with no confirmatory evidence available, no applicat-
ion of the values obtained to rations in Trinided, has been made.

6, The methodg of experimentation and calculation of results have

been described. The efifect of the limitations to these methods,

on the values obtvained has been outlined and recomuendations have

been made for future reference.
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“SINCLUDING NUTRITIVE vALUES WHERE DETERYINED.

| % ~Rainfall ~ S.E. Y. Yo s N -
Date Yield gilica Age during (% of 7& o T Cr\
H FODDER CROP. of Ret'erence per Dry Cruue Pure carbo- Total -Free when growth - green ee REM
analysis acre  latter Protein prote re hydrate Ash Ash  cut period . material) %1@1) {5
(tons) FA ; , g % % (weeks) (inches)  1b, " may e
Present | A B
1.B44B00 GRASS Wov.1940 analysis 6.00 G 20.80 6.25 69 47.90 11.30 5.20 ° 10 14.0 9 .47 sfrield estimated.
\ 2 C : ; ; ! o N
2.PARA GRASS (ﬁ{ Jan, 1937 7.88 ¢ 84.68 9.25 S i440.70 81,86 - 8,80 - 15 12.0 - Rainfall above average during dry seas '985-7.
l (b Feb, ™ Kincaid 7.56 ¢ 25.69 8,58 -- 185.82 51.05 14.78 - 7 9.0 - Sk » b > b W
(e) May. » (1937) 7.70 C 28.54 7«56 - tél .91 52.67 7.86 - 10 15.0 - R " " " " nRES W :
(d) May.l937{ patferson 5.00 ¢ 92.11 - 5.56 - 133.17 S52.48 9.08 - 8 9.5 - Fig.quoted are means of high & low cutgsThis app]_ies to all anal.wit
(e) - Aug. (1938) 11.00 ¢ 21,17 ©6.24 - 54.60 47.25 11.88 - 8 10.0 - [let season 1957 abnormal - low rainfa 1.C humidity with high temp I
() Dec.1940 Present - G 19.90 9.635 7.95 (;? 45.99 11.56 6.56 8 6.5 £.18 Tmpossible to give yield figure. In,t‘jl )We > olf8
" @ gualysis 24 6 r-€8 ' rax 485" 10-9 E - B
S.GUINEA GRASS(a) Dec.l926 5,88 ¢ 19.50 9.56 < 39,74 47,25 127 - 11 11:5 - L Rainfall above average during ury seas | 1926-7. 4
b Feb.lQBVJ Kincaid 5.84 c 8\5‘75 18060 | 52.74 ‘1.66 12097 - y 2 b e ) - > A Ri 35 " " " " ;' "
) ¢) Apr. " (1927) 7.77 ¢ 85.87 . 5.13 B 55,88 47.14 11.85 - 11 14.5 - B - "o 4 . b L
d) Jan.1940 Present G 21.45 9,69  5.10 [54.74 42.46 135.11 5,66 9 9.0 8.69 o R Impossible to sive yield figure. In flower.
analysis : . - ;;ﬁi ~ 3»1?
n | 4.GUATENALA (a) Dec.1985 6.09 ¢ 14.85 ' 11.37 - +285 50,00 10,58 = 12 11.5 - g Rdinfqll above average during dry season
' : 7 o 17 9.81 ¥ 52,01 49.%9 11,59 - 9 12.0 - -
Y | GRass (b) Feb.1927) Kincaid  8.17 ¢ 17.16 9.8 il t 8 i Bl d : s 5 gl ,’ g 2 : . W
: ‘°} il S 1 S8 09080 - T res W Bs.27 80,91 9.05 ¢ - 8 5.5 = 4 ;emarka for analyses of Para crass
- d) lay.195 fi" T Aol d o e 1 tgs 19 44.60 15,50 - 8 10.0 - - " "
> S Ang. " . c . : . 14 | ¥ e 4 2 il t
’ ﬂﬁ'ua‘ “ ‘!“" } se : analysis ' 15 — :
] < : T . . . - . - - % abo e aver durin d 1926-7.
~ 5, | 5.ELEPEANT = (a) Dec.193 S AR T AT T v B R R el g 3 R "ove. avezace e
g GRASS b) TFeb.1927 I(<1n°;§d e e el et 7 13ais8 2997 s.69 - 11 14.5 - - ] ¢ Giia " "
1 B APy, = 188 SopML: L4 ; by ol 250 - 2 'ta avatlable for Tainfall.®
a) May.1930 uaule) 10,00 G 16.68  7.60 % TR st 00 1ea80" o 9 i g £ ? :& s - |
{3950 3 reir B .5 - ; W i seowmarkst for analyses of Psra \ Patterson (1958) ab¢
4 o nay.lgzs'z} Patferson ©.00 ¢ 18.75 6.80 - ; :g'gg L by T : 5 | 24 | TR Ly G gavt (19001 g
;_ 4'&# - Tk, Selh f) A%o " (1908l 12,00 ¢ 15.65 6 .82 £ >y T T—— fi' ‘ w4
L ’ SRS N R 52.48 7.54 - 20 25.5 - N stataw"&o be poor sample. "Annual ras inflall
; b) May. % 192 6/413,0; L85 . 33« 3 - - - 8 | 1241l o da‘ta available for rainfall. :
3 (c) Feb.1930 1iaule 50.00 G 32,40  9.04 PO A 30 18,9 - | | i
WLEAEY PPoTS @LAvir thon (19350 . .. - ;
‘3 ‘ a laule §55.00 6.00 = o ‘ 135.6 Alay ariety EH 10/12. Io data avai.Lablo of
/"JF? «CANE TOPS par.1950 (1930) -~ G 87.60 5.00 e o po2 L o 24 N
Sl M VOV . N T 3
OROE 55.70  8.38 - - - 26.81 : o data available of age when cut, hg
8 .SAVANIIAH GRASS Feb.1981 (1951) - ¢ ©9.07 9.00
: | N rosen . 48.70 10.85 3.20 16 14.0 12.08
J 9 .SWBET POTATO Feb.1940 analysis 8.00 G 21,90 12,65 8 4 |
¥ VINES
/o he L onn e
- :.’ Z{’f/z’,/ At

(54 “'«oBo
'z 4 &fl

G = Grown on Governuent Stock Farm, STU. Joseph.

¢ = Grown on

I.C.T.A.

Faru.

ields estimated; or calculated Irom plot harvests
g %« 2= and quoted in tons fresh magerial per cut analysed.
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