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The economy of New Zealand is dependent largely
on the expart of pruducts of the livestook imlustryry.
While there has lately been an upsurge im secondary
industry, a btasic lask of raw materials and cheap
labour curtails New Zealani's abllity to compets
ecanamically with other countriss as a mamifaoturing
nation. If New Zealand's positiom as ome of the
world's leading agricuitural exporters 1s to be mmint-
ained or exganied then increased primary produstion
mst be achieved. Such an increase is also necessary
to maintain or improve the high standard of 1living of
a repidly groxing intermml population.

Three general factors are impartant when the
prodlem of inoreasing livestock production is cansidered.

1. Batrition

2. DBreeding

3. Diseases and Pests
The interest of the authar lies with nutritiem but the
other twe factors are clsarly tmpartast if animml
produstion is to be improved. BEreeding is important
particularly in relation to raising fertility and
producing types of animals that will give optimm returns
in particular enviromments. It must be remembered
however, that gemetic improvement by selectiom of live-
stock, though essemtial, is usually slow because of
the low heritability of many productive characteristics.
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Pests and diseases can limit animal prudustiom,
earticuilarly at high stocking retes, so the prevention
of epidemics and the eredisagtion of persistent disecases
such as footrot, brucellosis and tubarculomis must
continue to be actively pursusd.

At a symposimm entitled, "Problems of Increas-
ing Sheep Pruductiocn”, held im February 1964 by the
llew Zeelami Society of Animal Productian, it was
evident that the most effective short~-term msthod of
increasing animml production vould k¢ by inoresaing
stocking mate. This infers increases in both animal
mmbders and the food to support thea. Thus to increase
the earrying capacity of the present farming area there
mist be an increase in the quality and guantity of
pasture prodused. This can be ashisved in two ways:
by techniques of pasture management amd by breeding
improved struims of pasture plants. It must also be
remmbared that comsiderable advances mmy be obtained
with improved management of existing struims of msture
plants.

In 1955 Melville stated that there are at lesast
three criteria to be satixfisd im pruviding ideal
pasture for simentss
1. Ideally the pasture should be capadle of provid-
ing the rogulireEERs of sheep and cattle for protein
and carbohydrates.
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2. It should provide those minerals and accessory
food muhstanvas which are eseantial to animml health
in sufficiant amount and in a state of balance within
the feed.
De Under no condition should the total herbage
contain potentially harmful campanxis at a 1evel which
will cause animml disorders or a declims im production.
These criteria still apply but 1ittle progress
has been made since this statement to implement them
for the improvement of pasture species. For example,
the causes of metabolic discrdere such as bleat,
hogget 1ll-thrift and ryagrass staggers, which are
generally associated with repidly growing gasture,
are still unimown. The plant breeder has contimued teo
select mminly for agrenamio charasters such as, greater
productivity, seasomal spread of production, persist-
ency, resistamnse to disaase, time and uniformity of
flowering, and to a lesser extent "palatabllity”.
Agronomic characters are important but the fimal
eriterion as to the value of a pasture plant selection
mst b0 4n terss of animal production. However the
animal mutritionist and biochemist must alse share the
blame for they have been umable to define clearly what
is required by the animal. The plant btreeder must be
provided with a relatively simple index of the
mutritive value to ruminants of a pasture species.
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Such an index will remain difficult to define until
more precise information 1s available on the ferment-
ation resctions that the imdividual components of a
plant uxiergo in the rumen, and on the effisiency
with which the end-products of sush fermantatiams are
utilized by the animml fer productive purposes.

The amount of pasture an animal can eat and
the efficiency of utilisation of this pasture will
determine the mutritional welfare of the aximal when
factors sush as pests, infectiocus disease, mstabolic
disorders and minerul inlmlances are not limiting.
This generalization 1s the basis of the work presented
in this Thesis. |

More specifically, the present work was commenced
to try and elucidate the results of some earlier
experiments, where a camparison was made of the
outritional value to sheep of short-rotation (S) and
perennial (P) ryegrusses with and without white clover
(c) (Rae, Brougham, Glemday and Butler, 1963; Bartan
and Ulyatt, 19653 Johns, Ulyatt ami Glewlay, 1963).
In those experimmnts there were differences im the live
weight gains of sheep grazing the pastures in the
order: S + C were greater than P + C and S,which were
appracimntely equal, while P produced the lowest gaima,
Dealing with the treatment extrumes, S + C and P, 1t
was found that although live weight gains were greatest
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on S + C, rumen "£111" was greater on the P treatments.
Purther, rumens from S + C sheep had greatexr develop-
ment of the mucosal gapillae and cantaimed a higher
cancentration of volatile fatty acids (VFA) than rumens
from the P sheep. There was a lower propurtion of
acetic and higher propartions of proplonic and butyric
acids in rumen liquor from the S + C animmls. Animmls
from the P + C and S pastures were interssdiate in
the above characteristics.

Three possible causes of the observed differ-
ences were cansidered likely:

1. That the end-products of the rumirml ferment-
ation of S + C were utilized by the amimmls more
efficiently than those from P.

2. That the intake of S + C was higher than that
of P. This would imfer a faster rate of flow of digesta
through the digestive trects of the S + C animals.

Je A combination of 1 and 2,

Experimmnts which were designed to test the above
possibilities under grazing conditions are described
in Chapter 2. MNost of the published techmiques for
measuring rumsn "£111" and the rate of flow of digesta
through the digestive tract were developed under
conditions of stall-feeding. In the present work
methods for measuring these variables in grazing sheep
were required. Iithium was suggested to the author as
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a possible marker for this purpose (Chapter 4) but
it was found unsatisfacteory compared with the
substance polyethylene glycol (PEG). The use of PEG
as a marker under grazing coniitions 1s comsidered
in Chapter 1. The poasihility that the VFAs adbsarbexi
from the rumen could cause a chemostatic regulation
of food intake was stiziled in Chapter 3.



CHAPTER 1

THE USE OF POLYETHYLENE GLYCQL AS A RARKER FOR
MEASURINDC RUMEN WATER VOLUME AND THE RATE OF
FLOW OF WATER FROM THE RUMEN OF GRAZING SHEEP
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INTRODUCTION

A large proportion of the energy reguirements
of ruximants 1s derived fram fermmmtation in the
rumen (Carroll and Hunmgate, 19543 Balch, 1958;
Blaxter, 1962). Purther, the mjor delay in the move-
mant of digesta through the alimmitary traot ocogure
at the rummn: movement of digesta in the intestines
1s stmilar in ruminants and non-ruminants (Lenlkmit,
1930, 1932; Usuelld, 19333 Columbus, 19563 Balch,
1950; Hlaxter, 1962). Therefore the energy mrtabolism
of the ruminant must be closely related to rumen
volume and the rate of movement of digesta through
the rumen.

Methods of measuring rumen volume and the move-
ment of digesta through the alimentary tract will be
reviewed separately.

1. MNeasurement of Rumen Volume

In this review the term "rumen volume" will be
used in the widest sense to imiicate any measure of
seticulo-rumen cepasity. Throughout this Thesis the
reticulo-rumen will be known simply as the rumen. The
weight or volume of rumsn digesta is camatidered the
fispartamt functiceal entity in studies of normal digest-
ive processes in the rumen: this comprises solid plus
liguid components and will be known as rumen "£iI11",
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Rumen "£111" can de divided into many frectiomns which
uwill be referred to specifically when mEcesasry: the
largest fructica is water which camprises sppruximmtsely
858 of "ri11".

Measures of rumen volume can be divided into
two categories: those involving slavghter of the
animals and methods of measuring velume 4in the live

METHDOUS ANVoLiVingZ oSi8ungshn tel 8 Al
Direct mcasurement of rumen “£411" immediately
after slaunghter has been employed for maAnRy years
(e.g. MMkeld, 19563 Tayler, 19593 Johos et al., 1963).
MEkeld (1956) described a method of measuring
the potential capacity of the rumen. This was the
amount of water regquired to fill an isoclated rumen to
a constant water pressure. A variation of this
scheme was deseribed by Marmer, Flatt and Loesli (1956)
who immersed the rumen in a container full of water,
filled the rumen with water, and measured the water
displaced from the comtainer. When water is thus added
to the rumen considerable stretehing occurs, and the
volume obtained is largely dependent on the pressure
of water used (M3kels, 1956). This stretohing was
found by Joims gt al. (1963) to limit the usefulness
of the technique.
The main disadvantage of slaughter experiments
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is that repeated measurements on the same animals
cannot be made., However they do have value if large
mmbers of animals are avallable, This does not
solve the problem, so ip vivo methods have been evolved.
(v) B

With cattle prepared with rumen fistulae it
is posaible to remove the rumen cantents completely
and to return them after weighing (e.g. Schalk and
Amadon, 19285 Campling, Preer ani Eslch, 1961).

Flatt, VWarmer and Loosli (1959) emptied the
rumens of fistulated calves and them filled the rumens
with water to a level 4 cm above the centre of the
fistula plug. This procedure was repeated three
times in repid succession and the mnean amumt of water
reguired was camalderexi to be the rumen volume.

The above procedures are not feasible with
sheep because of the large size of rumen fistula
reguired., Such fistulae have been prepared in sheep
(e.g. Ash, 1957), but the size of the fistula in
proportion to rumen size leads teo the possibility of
impairment of normal rumen function.

(e) Use of Reforemee Substamces

Rumen "£111" is commonly divided into water and
dry mtter (DM) fractions. If mater velums can be
estimted with a aarker substance, and representative
DM samples obtained, them the distribution volume of



any rumen DM constituent can be calculated. DlNost

marker substances are therefore designed to measure

rumsn water volume,

Water can enter and leave the rumen in various
ways: 4nflow 41s usually via the ocesophagus in food,
drinking water and saliva, but passage into the rumen
across the rumen epithelium can occur. Outflow of
water from the rumen may occur by passage through the
reticulo-omasal orifice, by absorption across the rumen
epithelium or by removal during rumen sampling.

A mariker for measuring rumen water volume must
fulfil the following criteria:-

(1) It must be inert, i1.¢., not absarbted froma or
metaimlised in the rumen, or absorbed on the
rumsn epithelium.

(11) It must be non-toxic to both the host animml
and the symbiotic rumen micro-organisms.
(121) It must have the same distridutiocn volume as

the sudstance being ssasurwd. In the case of

water, the marier must be campletely water solubdle.

(1v) The marier must be adaptable for easy amalyais.
The assumptions and sathematical relaticmships

involved in using reference substances to measure

rumen water volume have been detailed by Hydém (1960,

1961) but will be repeated here. Two important assump-
tions are made:
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(1) That the volume of water in the rumen remmins
constant during the experimsent.

(11) That the flow of water through the reticulo-
mm«ucmmmnuot\
flow is comstant.

Hydén (1961) considered that if the animmls had

continuous access to food and water, andi if the experi-

ment was of long duratiocn, then the aasumptians would
be valid,

The proceduxes used in estimating r»umen water
volume with meriksrs will be ocutlined below. A known
quantity of marier dissolved in a known quantity of
vater is added to the rumsn cantents via the ruman
fistula. Administretion by mouth or stamach tube has
been tried (Smith, 1959), but there is always some
doudt as to the exact site of addition of the marker.
After the marker 13 added, sufficient tims is allowed
for it to mix completely with the rumen canteamts
(about 1.5 hr with sheep). Samples of rumen liguor
are them collected at pre-determinnd tims intervals,
the concentration of marker in each of them detarmimd,
and a mrier dilutics curve constructed. If the
assumptions are correct this surve sbould be exponen-
tial; thus &£ the nmatural logarithm of marker concen-
tration is plotted against time a straight line should
result. Extrapolation of this straight line back to



zero time (usually by linsar regression) produces an
estimate of marier concentration at the time of dosing.
Rumen water volume (V) cam thus be calculated from

the relatiamahtp Vv = 2.

wbere p is the amcunt of marker administered and C'
and C* are mrimr concentrations dbefore and after
dosing. Vhen a significant amcunt of water 1s dosed
with the mariar the rumen water volume (V') can be

caloulated from v _E-m'

where L 1s the volume of water added.

It has been diffficult to f£ind a substance suit-
able as a marier for estimating rumen water volume
becguse of the rigid criteria imvolved. A polyethyl-
ens glycol (PEG) sarkmer with an average molecular
veight of 4,000 was introduced by Sperber, Hydém and
Eomn (1953) and appears to meet the requirements
satisfactorily. PEG is water ecludls and its
distribution volume in rumen contents is approximately
958 of the total waser (Rydem, 1961). PEQ does not
enter the intracellular water of undigested plant
fragments and so measures the "free" water im the
rumen. In other respects PFEG fulfils thse thecretieal
TeQuiralETts of a mriar for estimating ruen water
volume: 1t 1s non-texic, not absorbed and is not
metadolised by rumen micro-organisms (Sperber gt al.,
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1953; Rydam, 1956b). In a paper published since the
present vork was completed Jacodsan, Bondy, Broitman
and Fordtren (1963) feund that the water volumess of
isolated loops of rat intestines estimated with PEG,
were ealightly higher than water volumss determinad

by direct measurement. Small amounts of PBO were
either adsorbed on to the intestinal mucosa or were
retained in the intervillous spaces. This retained PEG
could be recovered if the intestines were washed out
uith water. Small losses in faecal recovery have been
reportad by Hydén (1956b) amd Corbett, Greemhalgh,
Gwynn and Walker (1958). Hydén (1956a) has developed
& rapid and accurate turbhidimstric msthad of estimating
PEG which has been aimplified by Smith (1959).

2.

Baleh (1960) defined the rate of movement of
digesta through the digestive traet in two ways. "The
N0 O anseage is the rate at which umiigested
residues of a given meal pass a given point in the
gut, or are eliminatedin the facces. In contrast the
Eate of figw of digesta expresses the rate at which
the mixture of undigested residues from previous meals
passes a given point in the gut or is eliminated in
the facces.” These definitions consider digesta as a
whole and do not account for the fact that various
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fractions of the digesta pass through the alimentary
tract at different rates which depend om character-
istics such aa salubility, particle sizs ami specific
gravity (Balch, 1950, 19603 Carbett, Greanhalgh and
Flareme, 1959; Campling and Preer, 1960; Hydém, 1960).
Balch's (1960) definition must therefore be expended to
include the rates of pmasngs anxi flow of variocus
fractions of the digesta. In ruminants the major site
of delay in the passage of digesta 4s at the rumen, 50
it 4s destiruble to obtatn measures of digesta movement
throngh both the mumen and the remaindier of the
alimentary tract.

(a)

A slaughter method of estimating the rete of
floe of varicus food fractions through the rumen and
the rest of the alimentary tract has beemn developed by
a group of Pirnish warimre (Paloheimo and MAkeld, 19523
Makeld, 19563 Paloheimo and MBMm1R, 19593 Mileld,
1960). Cows were fed at a constant intake level for
10 to 15 days, then elaughtered and the distribution
volume of variocus fractions of the digesta in the rumen
and alimentary tract determined. The time of retemtion
of a food fraction was determined by the ratios

Amount of fraction in rumen (or in rest of
alimentary tract
Amount of fractiom in daily food intale




This method is based on the two assumptions; that
during uniform fesding, (1) inflow to and ocutflow from
the rumen are egual, and (11) rumen"f11l' is constant.
The method lacks the precision required in detalled
physiological wori.
{b) Direct Measurement Usine Specisl Cammmilas
Surgical methods for exteriarizing the flow of
digesta in several parts of the digestive tract using
re-entrant cammulae have been devised., Phillipson
(1952) measured the flow of digesta from the abomasum
to the duodemum of sheep in this way. Similarly Hogan
and Phillipsen (1960) measured the flow of digesta im
the ducdenum and in the termimml part of the ileum of
sheep, and Stingleten (1961) mmmsured the flow of digesta
in the ducdemum of goats anxd sheep. This method has
iimitations under greszing canditions: ¢he risk of
infection is high, there are problems in measuring the
flow and returning digesta to the digestive tract, and
the cannulae are easily torm ocut.
(¢) Mapieor Motheds

Reference substances have been used for many
years to follow the sourse of digestion in ruminants.
As stated above various fractioms of the digesta move
through the alimentary tract at different rates. Thus
the volume of distribution of any referemce substance
and its physical characteristics will determine what
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fractian of the digesea it is associated with and the
speed of its throughput.

Many reference substances have been used for
different purposes and with varylng degrees of sucecess.
Exzwples ares silica (Wildt, 1874), ferris oxide
(Enott, Murer amd Hodgsem, 1936), dyes (Coup and
lancaster, 19523 Cortin and Forbes, 1951), redio
Asctopes (Kame, Jasobsom, Ely and Hoore, 1953), pectin
(aray, 1947), titantus oxide (Iloyd, Mutherford and
Cramptan, 1955), rudbsr chips (King and Moare, 1959),
polythene chips (Mimsom, Tayler, Alder, Raymond ami
Rxdrnan, 1960), ehramic exide (Edin, Kihlén and Nowifeldt,
1944). Chromic oxide has been used extensively for
estimating total faccal production in digestihility
trials.

A common method of detersfirmtirg the rate of
pessage of digesta in ruminants 1s based on staiming a
known proportion of the food with a fast dye and
measuring the faecal excretion of stained particles.
This method originated in the work of lanimit and
Habeck (1950), lenkeit (1930, 1932), Usmeilt (1933) amd
Columbus (1936). In recemt years the method bhas teem
used extemsively. Nost workers using this techmique
base their measurement of mate of passage on some aspect
of the time of retention ef the staimed particles in
the digestive tract. When cumulative percentages of
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stained particles voided in the facces are plotted
against time a sigmoid curve is obtained., Unfortumately
various woriers have used different aspocts of this
curve to measure time of retentiom. Baleh (1950)
developed the concept that the time required for the
exeretion of 5% of the staimmd garticles gave a EmASUre
of the time required for the food to pass through the
whole alimentary tract, while the time reguired for
the passage of 80%f of the particles mimus the time for
5%, gave an indication of the time of retenticn of the
stainad smal in the rumen. Branit ami Thaclker (1958)
used a aimlar system. Castle (1956) and Haxter,
Greham and Wainman (1956) estimated the mean time of
retention of stained particles in the digestive trust.
Shellenberger and Kesler (1961) campared these varicus
methods and concluded that those measuring mean time
of retentian were slightly more reliable.

Hydén (1960, 1961) presanted a method whereby
the rate of flaw of water from the rumem could be
estimted using PEG as a marker. The mathesatical
relatianahips involved in this measurement have been
given in detall by Hydén (1961) but the relevant parts
will be repeated here. The criteria and assumptions
stated above in using PFEG as a rumen water velume marier
still apply. Vhen mariey is introdused to the mama
it vSll leave via the reticulo-cmasal orifice and the
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marker dilution curve resulting (Fig. 1) can be
described by the egquation:

c, = Cgo vt (1)
The change in amount of referemse substance in the rumen
is3 d(CV) = -CiF = - Cudt (2)
where C is the marker concentration, V 1s the rumen
vater volume at any moment, F is the total flow and u
is the rate of flow. Assuming water volums remains
unchanged during the exgerimsmt, equation (2) yields
on integratiam

log, C = -3+ .
when t-o.C-c.uxithulA-Logeco.uﬂIase-cﬁ
s
Then equation (1)m§3tuutten

Ce

Since the amount of water leaving the rumen per
unit of time, k = u/N, the rate of flow is given by

u = kv (3)

When the dilution curve is converted to a semi~
lggaritimic plot of marier camcentretion against time,
the concentration at time zero cam be caleculated by
lincar regression, and k 1s the regression coefficient.

The total flow of water from the rumen during
an experiment is given by

P = ut = ktv (%)
In the majority of experiments the flow can be

= Coe v



cestimated from the amcunt of marker which has disappeared
from the rumen during the expsrimmnt and the average
aarisr concentration. A more acecurate method takse
inte account rumesn water volums at the bagtmning and
the end of the experimsnt. If the faitial and fimal
motemmrummmcovomctvt
respectively, then the amount whieh leaves the rumsd
during the experimmnt is given by
g = covo-ctvt
By substitution and integration in equatiom (2)
the following relationship 1s obtained:
ubenc-utm-mcmumot-mum
water during the expsrimmnt.
Total flow will then be
F = ‘E:
This formila 1s applicable to any shape of the
mrior dilution curve, and when this is represented by
equation (1)

g Logg (C./C.)

amd F = . (5)
[+ t

Application of equation (5) is limited by having

to imow rumen water volume at the begimming and end of
an experimmut. However, if flow is calculated simply
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from the initial volume anxd the slope of the curwe
(equation 3), it will be umlarestimated if volume
diminishes, and overestimmted if volume Ammreases
Quring the expmrimmnt,

That the dilutien curve im Hydén's (1961) work
could be described by equation (1) does mot mecessar-
ily prove that rumen water volume remains comnstant.
If the retio of infiaw to water volume remains constant
during an experimsut, the sami-logarithmic plot will
give a straight line whether volume increases,
decreases, or remains unchanged.

The above considerations apply to any marker
that 41s used to determine the rate of flow of water
from the rumen. Rydén (1961) used PEG in his studies
and claimed considerable precision, but he did not
present any statistisal indication of how well his data
fitted a 1ipsar relationship, nor did he indicate the
size of error imnvolved in measuring rumen water volume
and flow rete with FEG,

In the present work metheds were required to
measure rumen "£111" and the rate of flow of digesta
from the rumen in sheep grasing pasture. Slaughter
technigues were not pvasihls tesauss repesated mmasure-
meuts were reguired on the same animals. 7Ths best
availahls tesshmiqus for measuring rumen water volume,
axd thus indirectly rumen DN volume, seemed to be the
PEG method of Hydénm (1961). However estimatiom of rate
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of flow of digesta presented greater difficulties.
The stained food particle mesthod 1s unsuitadle for
gxasing sheep because stained grass would have to be
fed as a marier, and the problea of recovering this

in feeces is formidable. As PEG was being used to
estimate rumen water volume it was decided to use it to
mmasure the rate of flow of water ocut of the rumen.
This latter emasuremsnt would also give an indication
of the rate of flow of any substance soluble in water.
It was realised that the assumptions imvolved in usimg
this Cechniqun were of doubtful validity, and that the
rate of flow of water cannot necessarily be eguated
with the rate of flow of digesta through the rumen or
through the whole digsstive tract. In fact Hydem (1961)
could find no clear relationship between food intake
and the rate of flow of water fram the rumen.

In this chapter PEG i3 investigated as a marker
for measurizg rumen water volume and the rate of flow
of water from the rumen in grazing animals. An effort
has been mmde to check the validity of the assumptions,
to determine the magnitude of error involved, amd te
find means of improving the technigue.



The Apparatus and Method of Dosing a

Sheep with PEQ Marimy

Fig. 2.

snjexeddy (@)
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EXPERIMENTAL METHODS

Dosing and Sampling

Food was withheld fram the sheep in the 2 hr
prior to doaing with PEG each tims rumesn water volume
and flow rate was measured. This was to emable the
rumen contents to become mare fluid than when the _
enimals were fully fed, and to fasilitate repid mixing
when the marker was added. The mmarker dese of &pprox-
imately 10 g of PEG (mol. wt. 4,000) in 250 ml of water
was administered via the rumen fistula by means of a
50 ml syrings fitted with a two-way valve and a long
pdece of polytheme tubing (Fig. 2). At dosing the
polythene tubing was introduced to the rumen and
marier vas injected into variocus areas by guiding the
tubing. After doeing the sheep were immediately
returned to pasture.

Samples of rumen contents were collscted 1.5,
3, 6, 12 and 24 hr after dosing froma position
immediately below the fistula, and the rumen liquor
was strained through mualin to remove plant debris.
Hydén (1961) has ebhoun that this sampling positiom
gives an average representation of marker concentration
in various parts of the rumen.

Analytical

PEG in rumen liquor was determined by the turbidi-

metric method of Hydén (1956a) with some of the
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modifications of Smith (1959). Strained rumen liquor
containing PEC was cantrifyged for 10 xin at 1,000 x
g to remove particulate organic matter. Up to 5 ml
of this centrifuged rumen liguor (depending on PEG
cancentration) was added to a test tudbe greduated at
10 ml and clarified as follows. For up to 3 ml of
a-nm,1nof0.jlh(w)2maddodtothe
test tube follawed by 1 ml of 5% (w/v) ZnSO, .7H,0 and
0.5 ml of 108 (w/v) BaCl,.2H,0. Por 4 to 5 ml of
rumen liguor the quantities of clarifying reagents
were doubled. The tubes were then made up to the 10
ml mark with distilled water, shaken well, and allowed
to stand for S min. Hydém (1956a) recommended filtering
the clarified rumen liguor but in the preseat work this
was unsatisfactory. Cemtrifugation at 15,000 x g for
10 min was adopted amd after this no troubls with
interfering substances was encountered. The centrifuga-
tion was followed hy pipetting 0.5 to 5 ml of the
supermtant (depeniing again on PEG concentratiom) into
10 ml Bausch and Lomb spectrophotometer tubes and these
were made up to 5 ml with distilled mater. Five ml of
an agueous solution of 30f (w/v) trichlarumcetic asid
and 5.9 (w/v) BaCl,.2H,0 (TCA) was then added to the
tudes with a syTinge pipette: this produced a turtid-
ity with the FEG. The tubes were left for 20 min
before reading the perventage trunmxittamse in a Bausch
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mwsmmmn%’l. If duplicates
varied by more than 3¥ transmittance the amalyzis was
repeated. PEGC only gives a mmammabhls turbidity in
mmiotoimﬂhlmrwmﬁ.mcm
sust be taken to ensure that all solutions amlysed
are within this range. Enough PEG had to be added to
the rumen 30 that it eculd be detected in the 24 hr
sample: for sheep on pasture 10 g of PEG was found to
be a satisfactory dose. The time of 20 min required
to develop averwge maximum turtddity was arrived at
experimmrtally and differs from the times stated by
other authars. A plot of percentage transmittamnce
against timp for various stamiard carxrentretions of
PEG 1s shown in Pig. 3. Under the comxiitions applying
in the present work the time taien to reach meximm
turtidity (1.e., minimum trenssittance) was dependent
on PEG concentration, but 20 xin was an average estimate
of this time. Hydén (1956a) claimed that stable
turbidity was reached after 5 min and Smith (1959) used
1 hr. However Smith obtained his time by adding the
TCA solution to standards made up in distilled water
and under these conditions a time of 1 hr was obtaimed
in the preseant work. However, when the clarifying
reagents were added to the stamidaris, average maximum
turtidity was developed at 20 min. Corbett u
(1958) mmasured turbidity im a nephelcmeter immediately
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after adding TCA. In the present work it was found

that the nephelomster reading changed so rapidly that
cansiderabls error was intruducad 4f a delay in reading

To check whether PEG was metabolised by rumen
micro-wrganims under the conditions of the present
work, & known amount was incubated in vitro for 24 hr
at 3700l1thmmtr¢mtun-fed sheep.
Samples were ramoved at intervals through the incubation
period and no loss of FEG was detected.
Source of Data

The data on rumen water volume and the rate of
flow of water fram the rumen used in this chapter were
eccumlated during the ryegrass strain trials described
in Chapter 2. Five sets of data were obtaimad, each
set comprising three comsecutive measurements on each
of six sheep. In sets 1 and 2 all animals were on
the same treatment, while in sets 3, 4 and 5 three
sheep were grazing short-rotation and three peremnial
ryegrass.
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RESULTS

1. Bumen Water Volume
If 1t is assumed $Shat rumen water volume and
the rate of flow of water through the reticulo-omasal
arifice are comstant over the experimental period, and
that added maricer is mixpd rapidly, then the semi-
logarithmis relationship beteeen marker concentration
and time will be 1inanr. The initial marier concen-
tration, and thus rumen water volume, can be estimated
by linear regression. However inspection of the plots
of the matural logarithm of concentration againmst tims
in the present work showed that in most cases the
relationship was net linear but concave. Three ways of
estimmting initial marier concentration from this curvi-
1inear plot are shown in Fig. 4.
(a) A straight line can be drawn through the first
three paints (a - a).
(b) 411 the points can be fitted by limear regression
(v - »).
(¢) The points can be fitted by gquadratic regression
(c - ¢).
This last method 1s equivalent to the assumption that
the trend in flow rate shown betweenm 1.5 and 24 hr
started at time zero, which is in fact less restrictive
than a straight line fit which assumes constant flow
rate from zero time.




Table 1. Estimates of Rumen ¥ater Volumes with thedr

Standard Errorst

Calculated from Linear

‘mmmnuotmmatatotmu

(m2)

Sheep | Type of Xy

. |Regression 1 2 3

1 |linear 5658 + 2413 | 5213 ¢ 2263 | 4037 ¢ 360
Quadretic | 3489 ¢ 342 | 3391 ¢ 516 3709 ¢ 460

2 |ldnear 5335 ¢ 2043 | 4949 ¢ 1405 | 4449 ¢ IO
Qundretic | 3942 ¢ 265 | 3TAT ¢ 386 3621 ¢ 258

3 |linear 4230 4 1139 | 4OUT ¢ 932 | 3894 ¢ 843
Quadretic | 3974 ¢ 554 | 3638 ¢ 354 3876 ¢ 340

4 |Iinear 6332 ¢+ 922 | 6336 ¢ T55 | 5419 & 342
Quadratic | 4149 ¢ 590 | 4927 & 1018 4170 ¢ UA5

5 Lincar 6378 ¢ 928 [ 5TW ¢ 959 6113 ¢ 410
Quadratic | 5439 ¢ 358 | M4 ¢ 238 | 5842 ¢ 369

6 |Linear 3615 & 1716 | 3380 ¢ 2044 | 3423 $1004
Quadratic | 2215 ¢ 358 [ 1953 ¢ 670

2664 ¢ 557




Eatimates of Rumen Water Volumes with their
Standard Errars: Calculated from ILimmar and
Quadratic Fits of the Data of Hydén (1961)

Table 2.

(m1)

Type of Sheep ¥o.
Regression 1 2 3
Lincar 4392 & 345 | 4669 &+ 183 | 4916 + 273
Quadratic | 4506 4 356 | 4874 ¢+ 42| 4880 ¢ 305
Iinear 4458 ¢ 513 | 4545 ¢ 455 | 4839 + 222
Quadrutic | 4768 ¢ 508 | 4918 ¢ 385 | 5090 ¢ 146
Linear 3414 ¢ 158 -511533623 5366 ¢ 268
Quadretic | 3521 ¢ 140 | 4598 ¢ 271 | 5307 & 310
Linear 2620 ¢ 146 | 5199 ¢ 282 | 5209 + 344
Quadratic | 2671 & 154 | 5007 ¢+ 301 | Sh51 # 355
Limmar 3657 ¢ 456 | 5275 ¢ 595 | 6111 ¢ 242
Quadratie | 3366 t 353 | 5945 ¢ 390 | 5915 ¢ 267




-29 -

Estimates of initial marker concentration from
both linear and guadratic regressions were calculated.
Rumen water volumes estimated from the first set of
data by both these methods are presented in Table 13
these data are typical of the whole series. The
stamiaxd errors of estimate of initial marker concen-
tration were caleculated from both the 1imsar and
quadratic regressions and are presented in terms eaf
Tumen water volume in Table 1. The guadratisc fit
always gave a lower estimmte of rumen water volume
than did the limsar yugressiam because it gave a higher
estimate of initial marker concentration. In most
cases the guadratic regression gave a substantial
reduction in the stamiard error. Similar results were
obtained for the other four sets of data and it was
obvicus that use of guadratiec regressions resulted in
improved statistical precision in estimating initial
marker concentration. For these remsans all estimates
of rumen water volume presented in this Thesis were
caleulated from the guadratic fit of the marker
dilution curve .

Hydén (1961) gave no estimate of the errer
involved in his measurements of rumen water volume, 80
standard errors of both linear and gquadratic fits of
data from his Experiment I (page 70) were calonlated,
and are presented in Table 2. There was no significant




Table 3.

Campanents of Variance and Coeffiocients of Variation of the Rumen
Water Volums Data from the Grazing Sbeep

Components of* Group Components of* Group
st 846,646 | 316,251 st 1,927,090 | 588,117 | 763,963
s 8,9u4 | - s 46,235 | 1,017,364 | -
s: - - 32 o2 ‘aM:"’ -
2
s2 201,421 | 228,146 53, s - i
Coeffistemt CR 2,57, 957 | 482,699 | 97,411
per Sheep 26.9% 29.68% o 228, 743 436,411 | 392,04
Coefficient
of Variation .68 27.2% 17.8%
per Sheep

* In the above table s = sheep, 4 = days, ¢t = treatment and m = methed.




Table 4, The Standard Errors of Nean Rumen VWater
Volume as a Percentage of the Overall Mean,
for Various Numbers of Sheep per Treatment.
Calculated from Data from Grazing Sheep.

No. of Sheep per Treatment
Group 2 4 6 8 10 15

19 3 10 10
21 15 12 10
10 T 6 5
19 1L 1" 10
3 9 7 6

WM & U D =
O W U O VO
Vi 5 & 00 ®
& O VN =N

Overall 17 12 10 9 8 6 5
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improvement in accurecy from using a quadratis regress-
ion. Standard errors calculated from ydém's data
were generally lower than in the present work.

Components of variamnce for all five sets of
data were odtairmi frem an amalyais of variance of
rumEen water volumes and are preseated in Table 3.
Coafficients of variatiea of imiividual mumen water
velumes are also presentad. The components of variance
fexr all sets of data were pocled axi this shawed timt
41% of the variance in rumsm water volume was assocciated
with sheep differemces, 32% was due to day to day differ-
ences and 27% was intrinais to the method of measuring
rumen water volums. A pooled estimate of the coefficient
of variation per individual rumen water valome eas 24%.

A similar analysis was conducted on the rumen
water volumss derived fram the limsar fitting of Hydénm's
(1961) data. In this case 628 of the variance was
associated with sheep differences, 24% with the sheep x
day interaction, and 14% was intrinsic to the method.
The coefficient of variation per individual rumen
vater volume was 19%.

Standard errors of mean rumen water velumm as
a percentage of the overall mean, for various mmbers
of sheep per treatment are givem in Table 4, At least

eight sheep per treatment would be reguired te give
standard errors less tham 10f of the mean rumen water
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volume. With this number of sheep, treatment differ~
ences of 30 would be statistically significant.
Similar figures wers calculated from Hydén's data where
it was found that four sheep per treatmsnt would give
a stamiari error of less than 10f of the mean.

2.

The most accurate way of measuring the rate of
flow of water froa the rumen in shart term exparimemts
would be by equation (5) given in the intruductioa,
where account was talen of initial and fima) rumen water
volumes. In some cases im the present work it was not
pasaible to deteet PEG in the 24 hr aample s0 equation
(5) could not be used. Therefore, flow mte of water
fraa the mumsn was calculated from initial rumen water
volume and the average slope of the marker dilutiom
curve in the first 12 hr after dosing. This slope was
derived from the relationship:

kK = I“‘e (c. = ciz)

mc‘.mcwmm.mmnmo
and 12 hr, were calculated from the appropriate
quadratic regression eguation. This procedure assumes
a straight line between 0 and 12 hr, which in most cases
was incorreet. The method probably overestimates k
over 24 hr because the rate of dilution of marker slows
between 12 and 24 hr (Pig. 4).

Water flow from the rumen was caloulated in two



uays:

(a) As a percentage of the water volume changiwg
per hr (100 k), which gives a measure of the
twoover of water fram the rumen.

(b) Ry equatiom (3), where u = kV. This gives the
adbsolute flow of water throygh the reticulo-
omsal arifice in mi/he,

In the current experiments with grazimng sheep
the mcan flow as a percentage of the water leaving the
rumen per hr was 22.5€ (range 9.3 to 36.3%), while the
mean adbsalute flow rate was 755 ml/hr (range 288 to
1,416 mlAr). These figures were calculated fram 90
observations. In Hydém's (1961) work, wvheare the sheep
were fed chopped hay, the msamn flow as a percentage of
the water leaving the rumsa per hr was 6.4%, while the
mean ahecluts flow was 300 ml/hr.

Some observations were made on factors affecting
the marker dilution curve in grazing sheep.

(2) Gmezing Behaviour
During the experiments the following approximate
pattern of grazing behaviour was cobserved in the sheep:
8.00 AN - 10.00 AN Removed from pasture prior to
PEG dosing.

10.00 AN Dosed with PEG and returmed
to pasture.

10.00 AN - 12,00 Noon Imntensive grazing.



Table 5. The Effest of Rain on the Third Day of Measuresent, on Rumen

Water Volume and F1low Rate in Grezing Sheep

ble Sheep No.

oay 1 2 3 4 5 6
1 Rumen Water Volums (ml) 4868 3766 4581 6926 8130 4111
Flow Rate (a) Vol ¥ 21.76 | 22.26 | 22.79 | 16.70 | 10.60 | 21.32
(bv) ml/ar 1059 8’8 1044 1157 862 876
2 | Rumen Water Volume (ml) hoa | u4s4 | 3586 | 5183 | 7677 | 3878
Flow Rate (a) Vol % 18.65 | 17.55 | 23.81 | 18.88 | 15.48 | 20.56
(v) m2r 912 782 848 961 1068 789
3 Rumen Vater Volums (ml) 2887 2490 1612 48T 3088 2172
Flow Rate (a) Vol ¥ 25.14 | 26.50 | 36.27 | 29.05 | 27.T6 | 30.43
(v) a2 e 668 660 586 1416 857 661
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12.00 Noon - 5.00 PN Grazing and resting.
3.00 MM - 6.00 PN Period of greatest grazing
activity.
6.00 PN - 6.00 AM (apprax). Intermittent grazing and
resting.

6.00 AN -~ 8.00 AN Intemaive grezing.

The pericd of greatest grazing activity (10.00
AN - 6.00 PM) coincided with the pericd in which marker
was flowing most repidly from the rumen (Fig. 4). Thus
the grazing behaviour of the sheep could have contributed
to the shape of the marker dilution curve.
(b) Staxvation

If an animal was given oaly one feed per day,
or i1f it was starved overuight, the flow rate of uater
fram the rumen was rapid while food was gvallalhle but
decreased as the length of starvation increased.
Similar results were described by Hydénm (1961).
(c) Ihe Effects of Faln

In one experiment steady rein was experiemced
on the third day of PEG dosing and sampling: this bad
a marked effeect on both rumen water volume and flom
rate (Table 5). Rumen water volume was rednoed on the
third day while the percantage of water leaving the
rumen per hr was insreased. In all cases but ome the
adsaluts flow rate of water from the rumen was
decreased.



Flow of Organic Matter

The curreunt experiments provide little informa-
tion on this tgpartant subject becamuse the animals
were grazing axd no direct msaswemmnt of food intake
could be made. However in three sets of data (mmbers
3, 4 and 5) total faecal collections were made for 10
days prior to the marker axp=rimsnts. There were no
differences in pasture digestibility within ech set of
data (Chapter 2) so faccal organic matter was taken as
a guide to intake., A ceorrelatiom of 0.55 (P < .05)
uas ecalculated between mean abealute rate of flow of
water and total faecal organic matser production for
each sheep.
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DISCUSSION

The substance PEG appears to fulfil the criteria
required of a reference substance for measuring
alimentary water and has been used as such by several
workers (Corvett gt al., 1959; Smith, 19593 Gray,
Jones and Plgrtm, 19603 Hydén, 1960, 1961;
Oyaert and Bouclkaert, 19613 Sutton, McGilliaxd and
Jacobson, 1962; Weller, Pilgrim and Gray, 1962;
Jacobson ¢t 8l., 1963). PEG 1s not toxic, mot absorbed,
not Eetadolised by rumen micro-arganimms, its distridbu-
tion volume in rumen digesta is approximately 95%¢ of
total water, and it can be accurately cstimmted if care
1s taken when clarifyizg the rumen liquor (Sperber
et al., 19553 Hydén, 1956a, 1956b, 1960, 19613 Smith,
1958, 1959). In the presemnt work the chamieally
clarifiad rumen liquor was cemtrifuged at 15,000 x g
for 10 min and no trouble with intarfaring substances
uas encountered after this procedure was adopted.

A small amount of a PEG dose was found to be
adserbed on or retained by the intestinal mucosa of
rats by Jacobson gt g1. (1963). It 1s mot known whether
this occurs in the rumen and imgairs the accuracy of
Muamummm,wt_tﬂcht
explain the small loss in faecal recovery noted by
Hydén (1956b) and Corbett gt al. (1958).

Although PEG appears to be a satisfactory marker
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the min grodlams 4in its use are associated with
theoretical aspects of the marker method of detarmiming
rumen water volume and flow rate. 7Those prodlame would
apply to any marker. The two assumptioms, thet rumen
water volume and the rate of flow of water fram the
mumen remain constant over the experimental peried,
were not valid in the present wark under grasing
conditions. Pumen water volume changed fram day to
day (32% of the variation in rumen volums being assco-
iated with day difTerwurmes), and the semi-logarithmic
plot of the marier dilution curve was curvilinear
iniicating that flow rate changed during the day.
Quadratic regressions were fitted to the data and these
reduced the error involved in estimating initial marker
concentration. In the current experiments the desire
to measure water flow rate as well as rumen water
volume protahly reduned the efficiency of estimating
the latter. If rumen valume alone were regquired the
best procedure would be to collect samples at freguent
intervals over the firet 6 hr after dosing.

A mJjor criticism of the present wark must be
that although the statistical error of ecstimmtigg rumen
water volume was reduced by fitting the marier dilutien
curves by guadratic regression, it is not known how
accurately the marier technigue measured actual rumen
uwater volume. It was not possible to compare rumen
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water volume estimated bty the marimr ¢anhnique with a
direct measurement of rumen water valume. There was
no point in dosing PEG, obtaining a dilutiom curve,
and then slaughtering the animal to obtain a direct
measurement, because rumen water volume could change
during the time lag. The only way to eampare direct
and imiirect mesasures of rumen water volume 1s to empty
the rumen of a live sheep through a rumen fistula,
smamnme the water valume of the camtents, add PEG to
the contents and returm them to the sheep, then measure
the subsequent rate of removal of FEG fram the rumen.
This can be done with a cow but the Jarrett-type of
rumen cannula in sheep is too small. large rumen
fistulae can be prepared in sheep but the physiological
normality of rumen functiom in such preparations must
be questioned. Thus an jmpagse is reached: there is
no certainty that the PEG marier technique as used in
the present work mssasured absolute Fumss water volume.,
However the techmigue 1s protmbly adequate for campare-
tive purposes such as 4im Chapter 2.

Rumen water volumes estimated in grazing sheep
in the present sark were eampared with Hydém®s (1961)
estimtes where the sheep were fed indoors under
controlled comditions. In Hydém's work the semi-

logarithmic relatiomship between FEG comcentration and
time was linear and initial PEG comcentration was
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estimmted with greater preciaion than in the present

wark: the error intrinsic to the method was 14% for
Bydén's work and 27% for the grazing sheep, while the
coefficient of variation of an estimate of rumen water
volume was 19% for Hydém and 24% for the presemt wark.
Reasons for the greater error involved in mERsuring

rumen water volume in grezing sheep can be suggesteds
(2) Envirommental Variations

In an effort to approach "steady state" feeding
conditions Hyd&n's sheep were housed indoors under
catinmuaus artificial lighting and with free access
to food and water.

Under grazing conditions the sheep were subject
to normal envirommental fluctuations, and, as the
cbservations on grazing behaviour showed, they did
not spread their eating evenly through the day. This
uneven grazing probably contributed greatly teo the
curvilinear mature of the semi-logarithmic plot of marker
concentration against time.

Extremes of enwviromment could have influenced
the type of result obtained. For example, rain caused
a reduction in rumen water volume and an increase in
the turnover of water frum the rumen (Table 5). Other
envirommental factors such as high winds or cold could
cause variations in rumen water volume and flow rate
measurements.,
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These results show that under graezing conditions
more than one m=aswemmnt of rumsn water volumo and
flow rate must be made and that such Emsuresants
should be made in similar environmental conditioms.
(b) Zype of Feed

Bydén's sheep were fod on chopped hay 50 most
of the "exogenous” water entering their rumens must
have come froma drinidng water.

In the present studies the sheep were grazing
pasture which would be of higher digestibility and
water content than chopped bay. Thus any variations
in grazing behaviour would be expected to have a greater
effect on the amount of "exogemous" water reaching the
rumen in grazing sheep. Rrthar, the mate of flow of
water from the rumBnd of pasture-fed sheep was three
times as great as in Bydén's antmmls. These differences
in rate of flow of water between the present work amd
Hyden's no doudt cantriduted to the greater error
m&uummummnmmm
sheep.

The finding that under grerxing conditions at
least eight sheep would be required per treatment to
produce a standard error of less than 10f of mean rumen
water volume (Table 4), bas comnsiderable practical
importance. In Chapter 2 where only three sheep are
used per treatment a differemce of at least 45% between
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treatment means would be required for the results to
be statistically significant,

It 1s difftcult to equate the rate of flow of
water from the rumen with the fliow of digssta through
the digestive tract. Many of the substamces passing
through the reticulo-cmasal orifice will be water
soluble, but the flow of s301id particles is dependent
on physical characteristics such as particle eize and
specific gravity (Balch, 1960). A comparison of the
rates of passage of chromium axide and PEG through the
digestive tracts of cows was made by Cordett gt al. (1958,
1959). They found that the passage of PEG was faster
than chromium oxide and concluded that PEG was probably
associated primmrily with the 1iguid fraction of the
digesta and chramium oxide with the solid fraction.
Hydén (1961) thought that increased food consumption
sbould influsmoe the rete of flow of water but he could
provide mo clear indication of a relationship. In the
present experiments absolute flow of water frem the rumen
was related to faecal organic matter production and a
correlation of 0.55 obtained. This suggests that there
i1s some relationship between the rates of flow of water
and dry -tux;,w the digestive tract.

Initial sarker concentration and the slope of
the marier dilution curve are not determined independ-
ently. Further, the relationship between rumen water



volume and absolute flow rate is a part-whole one.
Thus in the present study there 1s a mathemptical
relationship detwean both mmasures of water flow rate
and rumen water volume. These variables require
independent measurement to determine whether they are
related physiologically.




1. PEG was studied as a mmrimr substance for estimmt-
ing rumen water volume and the rate of flow of water
from the rumen in grezing sheep.

2. Although PEG appeanrad to fulfil the reguire-
ments of a marker substance the main problems in its
use were aascniated with theoretical aspects of the
mrker method: the assumptions that rumen water volums
and flow rate are constant over the experimental perioed
were not valid under grazing cenditions.

e Hith grazing sheep the semi-logarithmic plot of
mrier concentration against time was curvilinear and
80 was fitted by guadratic regression. 7his prasalure
increassd the precistan of estimmting initial marker
concentration.

4, The results from grezing shoep were camgared with
those of Hydén (1961) whose animels were fed choppald hay
and kept under cawtant caviramE® conditions. The
error involved in measuring rumen water volume and
flouw rate in grazing sheep, which were subjected to
norml awilrumsmtal fluctuations, was highser than under
the controlled conditions of Hydén (1961).

Se Problems associated with using PEG under grazing
conditions are discussed.
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CHAPTER 2

A COMPARISGN OF THE NUTRITIVE VAIUE TO
GBAZING SHEEP OF PERENNIAL AND
SHORT-ROTATION KYEGBASSES



Treatment HNeans and Standaxd Errors for Carcass and Rumen Characteristics of
Bees K31led Decemder 1960 (n = 8 cwes/treatment). (Compiled from Barton and
Tdyatt (1963) amd Jouns ¢t al. (1963)).

Table 6.

Iten P |Psc s S +C | S.B. of Mean | Sispifisance
 SESSUElRE Pl S e as R

Idvewetght at Slaughter (1b) 97.3 | 124.6 | 120.3 | 136.7 3.65 -
Prozen Carcass Weight (1d) 80.9 59.2 61,2 69.1 2.42 LR
Water VWeight (1b) 21.485 27.82 26.34 31.35 0.84 LA
Fat Veight (1b) 11.87 | 21.21 25.03 26.07 1.41 ..
Protein Weight (1b) 6.54 7.59 7.56 9.14 0.23 . &
Ash Weight (1d») 1.70 2.53 2,28 2.54 0.08 .o
Veight of Rumen Comtents (1b) 1.7 10.5 8.1 8.1 0.6 * %
e Ltk oy S ) T 1.8 | 3.4 | 123 | w7 0.6 .o
Propartians of Imxiividual Volatile Fatty Acidss

Acetic Acid Th .5 61.4 2.2 & .

Wg&i_ﬂ,, 20.7 25.3 1.4 »

n - Butyric Acsd 4.8 12.3 1.6 . &

(* * =« p<.01)
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INTRODUCTION

In a series of experiments comducted at
Paddock 16, Enssey University, the mutritive value to
sheep of short-rotation (S) and peremnial (P) rye-
grasses, with and without white clover (C), was
examined (Rae, Barton and Ulyatt, 19613 Johms, 1962).
ILive weight gains were grodused in shsep grazing these
pastures in the order, S +C > S P4+C ) P, and
it was considered that there were two mmin effects:
a difference between S and P; and a differamce cauasd
by the additiom of C to each of the gresses (Ulyatt,
19603 Rae gt al., 1963). There were diffurerees in
carcass weight, and also treatment variations in body
composition, with the components of composition
generally following carcass weight: S + C animmls
had the highest fat, water, protein and ash content
and P animals the least (Bartom and Myatt, 1963). The
results of ome experiment are summrized from Bartam
and Ulyatt (1963) and Johns et al. (1963) in Table 6.
Johns gt al1. (1963) showed that there was a megative
correlation between live weight and rumen "£111":
the S + C animels grew faster than those on P yet had
less ramen "£111". The comcentratians of VFAs in
rumen liquor were detarwiznmd at elmughter in one
experiment and found to follow a aimilar patterm to
that in live weight, 1.e., S+C > P+C > S D P.
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The clover effect on VFA concentration in rumen liquor
was greater than the difference between the two
grasses. The proportions of individual VFAs in rumen
liguor from the treatment extremes were examined and
S + C was significantly lower in acetic acid and
higher in propionic and butyric acids thamn P. Rumen
papillae sise was determined visually and the same

treataent arder as in live weight was observed.
and Iversen

Mclean, Thomson, Jagusch,amd IusonA(wﬂl) at
Iincoln College have been able to comfirm the above
results under South Island conditioms.

In the vreview that follows the above observ-
ations will be considered in the light of present
Imowledgs of the chemical composition of ryegrasses
and white clover and their metabolism by the ruminant.
1.

(2) Carbohvdrates
Balley (1964) has investigated the carbohydrate
composition of S, P and C over several seasomns. The

major difference between P and S was in cellulose
cantent: P was significantly higher than S. There
was a trend towards higher soluble sugar content in S
but this was not as mmried as the cellulose differemnce.
There were no significant differences between P and S
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in other carbohydrate fractions. C was found to
contain approximately the same level of sugars as
the ryegrasses but considerably more water soluble
polysaccharide and pectin. C also had lower bemi-
cellulose amd cellulose fractioms than the ryegress
specles. Thus the retio of solubls to structural
cardaliydrute 1s mch higher in C than in either P or S.
In the r™umen, plant cardbahyirates are fermmmtad
by micro-organiams at rates which depend largely omn
their soludility. In gemeral, degrudation of the
insaluble carbohyirates produces predomimantly acetic
acid while fermentation of the soluble carbohydrates
leads to propartionately more propionic and butyrie
acids (see Gxford (1958) for a review). There are
reparted instances where differemces in the cartvuiydraute
fractions of ryegrasses have been associated with
differcnces in rumen VFA proportions (Armstrong, 19603
Tilley, Deriaz and Terry, 1960). A logical explanation
of the differenmces in rumen VFAs found by Johms gt al.
(1963) can also be provided in this mamner. The most
pronounced effect om VFA concentration was caused by
the addition of C (Table 6), which was not surprising
in view of the high ratio of soluble carbohydrate to
cellulose found in C compared to either of the ryegrass

species.
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(v) Idznin

Balley (1964) found no signifieant differences
in 1ignin between S and P. lLignin 1s mot digested to
any extest by the ruminant but high ligmricatian of
hemicellulose and cellulose could slow the rate of
fermentation of thess camstituents.

(c¢) HNitrogemous Fractioms

divided into mm-yrutain nitrogen (NPN) and protein
fractions. NPN 1s a fraction of great complexity

and includes many substances of mutritional signifi-
cance to the animal, such as peptides, amino acids,
amines and nitrate. The NFN fractiom of New Zealani
ryegress varieties has been shown to fluctuate markedly
in apparent relation to seasonal and cmvirormmestal
influences (Johns, 19553 Bathurst and Mitchell, 19583
Butler, 1959; Bailey, 1964). Some compoments of the
HPN frection, garticularly nitrate, can have taxis
effects om rumimants when present im high cawaentrations
(see Garmer (1963) fer a review).

ILyttleton (pers. cemm.) found that the type of
protein present in ryegrusass, as detarmined by
electropharesis, showed little seasemal variatiem.

The metabeolism of nitrogencus compounds in the
rumen has been reviewed recently by Lewis (1960) and
MeDomald (1962). The concentration of ammonia in
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rum2n ligquor s an impartant guide to nitrogen
metaboliam 4in the rmumen. It imxilecates the balance
between production and removgl: production by the
degradation of feed protein and NPN, and removal by
incarporetion into microdial protein, by absarptiamn,
and by passage out of the rumen. In fact FoDammld
(1962) suggested that the mutritive value of dietary
nitrogen was determined largely by the production and
subsequent fate of ammonia. However the metabolism

of nitrugenous compounds in the rumen is influenced

by the soludllity and type of protein and carbaohydrate
present in the feed (lLewis, 1960). For cxample, the
presence of adeguate soluble carbohydrate ensures

that nitrate 1s reduced completely and repidly to
ammonis. If soludle carbohydrate levels are low nitrite
my aseumlate in the rumen and be absorbed into the
bloed stream, and this can lead to severe toxicity.

2.

The calorimetric efficiencies of the VPAs for
lipogenesis in sheep were determined by Armstrong and
Blaxter (1957b), Ammstrong, Blaxter, Graham and Wainman
(1958) and Blaxter (1960). Efficiency of utilizatiom
for lipogencsis depended on molecular weight and was in
the order: butyric > propionic > acetic. These
workers also showed that the efficiencies of mixtures
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of these acids for lipogenesis depended on the sum of
the efficiencies of the acids coampriaing the mixture.

The difTeremxes 4in live weight gain observed
in animals on the ryegyuss strain t4a3ls could be
explairsxi on this basis. Digestian of S + C produces
a higher ruminal concentration of VFAs and higher
mopartians of the mare efficiently utilizal propionic
and butyric acids than did digestion of P (see Table 6).
3. The Significance of Rumen °Fill"

The nutritional significance of rumen "r111" 1s
ot fully unierstood but "£111" s inmown to vary withs
body wesght (Johns et al., 1963), pregmamcy (Makela,
1956, Graham and Williame, 1962), weight of intermal
fat depots (MBkeld, 19563 Tayler, 1959), diet (Hlaxter
et al., 19565 Flatt gt al., 19593 Campling et al.,
19613 Johns et al., 1963) and lactatiomal stress
(Nyatt and Bartom, 1964).

4. Intake and Bate of Passage of Food

The puesibility that the higher live weight
gains of sheep grazing S were due to a greater intale
of that grass must be canmidared., A higher food intake
by the S animals, which had less ruymen "£111", would
iuply a faster rate of flow of digesta through their
digestive tracts. Mcleam gt al. (1964) could find mo
difference in intake between sheep gruzigg S and P
but their measurement technigue was not satisfactory.
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Methods for smasurdip the feod intalke of grazing
ruminants have been reviewed by Reid and Ksmmedy
(1956) and Raymuni, Ninson and Harris (1956) and are
based on the relatiocmahip:
Intake = PFascal Prodmtime—_-ﬁ%mIF’
Faecal productionm can be measured directly by bagging
the animals or it can be estimeted Amiirectly using
an indigestidbls mariar such as chromium oxide (Redd
and Kemmedy, 1956). The most commonly used msthed of
determining the digestibility of grazail pasture is the
faecal index method. Digestibility 1s estimated from
the chemical camposition of the faeces uaing regressions
derived from indoor digestibility experiments. PFaecal
nitrogen (Lencaster, 1954) and chrumugen (Reid,
VWoolfolk, Hardison, Bartin, Erumiage and Kaufmann,
1952) have been used regularly for this purpose.
Ramrous faecal index regressions have been published
and these have shown that there are differences within
the axrigiml relationship cansed by season, plant
species, region and other variables (Minson and Raymmxi,
1957). Further, lambourne and Baardom (1963) estimated
that approximately 75% of the error associated with
estimating intake this way could be attributed to the
faecal index regression. A better procedure, but ome
involving more work, 1s to comduct a digesstibility
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the field. The error imvolved in assuming digestibil-
ity determined indoors is the same as that for the
grazing animal 1s not 1iksly to be as large as the
errar involved in estimating digestibility from a
feecal index regression.

From the above comnsiderations it is thought
that four possibilities could account for the observed
differences in production of sheep gresing S and Ps

(a) That there was a greater intake of S than P;

(b) That S was utilised more efficiently thanm P;

(¢) A combination of (a) amd (b)3

(d) That P could have cantained taxic or growth
inhibitory substances.

The latter possibility seems unlikely as guinaa
pigs were fed both grusses by Ulyatt (1962) and they
ahowed greater live weight gaims on P tham om S. From
this result it appasred that the observed differences
in sheep production vere associated with the rumimant
mode of digestiom.

As stated previocusly, the obasrved differences
in animal characteristics may be partitioned into two
mjor effects: a grauss effect and a clover effect.

It was comaidered that the bdasic differemece in previous
porimnts was between P and S and that C was having
an additive effect to each gruss. Therefore in the
exgarimeuts to be dessribed the mutritive valus to
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sheep of only P and S was studied. An attempt was smde
to determine how much of the differemces in live weight
were due to food intake and how mch were due to differ-
ences in the efficiensy of utilizatian of the grusses.



Fig.5 Experimental Area, K Block
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Table 7. Botanical Composition of K Elock Pastures
(DM Basis). (Each Pigure is the Mean of

Three Plots)

Exmriasnt 1 Experiment 2

S ) 4 S ) 4

Ryegrass Species 94.8 97.0 97.9 98.0

Poa s”cul “06 2.5 1 08 1.7
Bromus mollis 0.1 0.5 Y Y

Othsr Species 0.5 Trace 0.3 0.3
Sample Date 16 October 1962 3 May 1963




The axparimental area of one acre, which was
of a recent alluvial scil type, was situated at
D.S.I.R., Palmsrston Borth, axxi known as K Eloock.
The area was cultivated in Jamuary 1962 and again in
March 1962. Priar to sowing the area was topdressed
with a mixture comprising 2 cwt superphosphate, 1 cwt
blood and bone and 1 cwt sulphate of ammmia. The
8ix individual plots were sown by hand on 19 Harch 1962
as shown in Pig. 53 plots 1, 3 and 5 with S at 30 1b
per acre, plots 2, 4 and 6 with P at 40 1b per acre
and the cemtrul rece with P. Subdivision fences were
erected soon after the grass had germirmted. A
second area of land adjacent to K Block was used as
common grazing during the experiment. This land was
permanent pasture of lomg standing, the dominant
species being P and C.

The pastures on K Block wsere grused or topped
with a mower when necessary, and by September 1962
quite pure swaxis had been established as can be seen
frea botaniscal amlyees figures in Table 7. As pure
ssards uncontaminated by clover were required for the
garimeats 1t was nscessary to apply aitrogsnals
farciltzers to maintain soil nitrogen status. Sears
(1949) claimed that clovere contributed the equivalent



Table 8. PFertilizer Applications During Experiments
1 and 2 ‘
Date Fertilizer So— por
26 May 1962 Nitrolime 2 cwt
26 May 1962 Muriate of Potash 1 owt
18 June 1962 Sulphate of Ammonia | 2 cwt
28 July 1962 . = . 1 cwt
29 August 1962 * . 2 1 cwt
14 Septamber 1962 | Nitrolime 1 cwt
4 November 1962 | Sulphate of Ammonia | 1 owt
9 December 1962 | Nitrolime 2 ont

11 Jamary 1963
28 February 1963
11 April 1963

Jitrolims

DDT Superphosphate
Sualphate of Ammonia

1.25 cut
2 cut

1 cut
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of approximately 1 ton of nitrogencus fertilizer per
acre per ammm in a high producing pasture. In the
present vork it was decided to apply approximately

1 ewt of sulphate of ammonia or its equivaient per acre
per month. Because of the importance of nitrogencus
fertilizers to the remilts of these expmrimamts, the
rates of application for both experimmnts are detalled
in Table 8.

In lave Decembar 1962 the S plots became badly
infested with Argpmtins stem weevil (Hyperodes bomar-
dengig). DNeither irrigation mor spraying with Limlame
cantrolled the infestationm and all the grass om plot 3
and half that om plots 1 and S was destrayed. The S
plots were therefore oversown on 28 February 1963
using a disc drill and a seeding rate of 60 1d per
acre. The area was irrigated and the new grass became
quickly establistwri (see Table 7).

2. Aplmals

Adult Rommey Marsh vethars with rumen fistulas
progarad by the technigue of Jarrett (1948) were used
throughout the pasture grazing experiments. These
animals were accustomed to freguemt handling and were
trained to vear harrmasss. Bon-fistulated Rommey
Marsh wethers were used for the dismstidility trials.
Theese sheep were traimad to wear harmesses and to being
confined in metabolism crates.



Fig. 6.
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To facilitate handling of the fistulated sheep
for rumen sampling and faecal collections, temporary
pens, which utilized the plot gates, a light hurdle
and a portable headstock, were erected in the cemtrul
race of K Blosk (Pig. 6).

It was found mecessary to erect an 18 in high
single strand electrified wire round the perimeter of
each plot to prevent the fistulated sheep from catching
their canmulae on the netting fences. The area between
the electrified wire and the permanent femce was
sprayed with a lemg-acting herbicide, Vorox-SDA (Ivan
Vatkins Ltd.), to stop the animals foraging benmeath
the wire. This measure was very successful and
campletely alimimmted the less of cammmlae during the
experiments.

3. Experimental Desizn
(a) Experiment 1

On 27 August 1962 six fistulated wethers were
introduced to a ryegrass and clover pasture for a period
of common grazing. From 10 to 12 September rumen water
volumd and flow rate measurements were made omn these
animls using the polyethyleme glycol (PEG) mariker
technique described in Chapter 1. The six animals were
then divided randomly into two groups of three and
introduced to K Block on 15 September: one group
going to P and the other to S. During the following
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7 weeks the sheep were rotatiomally grazed arovund the
replications on K Elock within thelir respective treat-
ments. After 2 weeks of this period, eash plot on K
Elock was suddivided with a tamparary fence and for
the remainder of the experimental pericd one half of
each plot was grazed while the other half was mown
to grazing height with a Demmis reel mower. During the
last J weeks of the experimmntal perial the fistulated
sheep were harnessed and faeces were collected while
at the same tims a digestibtility trial was caniucted
indoors on grass fram the mown areas of K Block. Om
23 and 25 Octoder the fistulated sheep were starved
overuight and put out to graze the following day when
samples of rumen liquor were collected for fermentation
studies. Fram 29 to 31 October the animals were dosed
with PEG ani rusen semples collected for rumen water
volume and flow rate determinations. On 1 November
rumen liguor samples were collected for estimating
ammonia concentrations. This phase of the experiment
ended on 2 November when harmesses were removed and a
final live weight recorded.

Treatments were then reversed, the three sheep
on P going to S and yice versa. The sheep contimued to
graze around the replications on K Block within treat-
ments until 25 November when harnesses were again
attached and faeces collected from 28 November to
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7 December. It was not possible to conduct a purallsl
digestibility trial becauss the exparimmntal area was
too amll to groduse sufficisnt grass at this time of
the year. Samples of rumen liguor were collected for
smmonia detarmizmmtions on 11 Dyoamder, From 12 to 14
December the animals were dosed with PFEO and rumen
samples collected for rumen water volume and flow rate
deterximtians. Iive weights were msesuwred regularly
during the experiment. The experiment was fimishad
on 15 December.
(b) Experiment 2

The fistulated sheep were grused on a wmixed
ryegrese and clover gastwe from 16 Decamber 1962 until
12 April 1963. PFrom 9 to 11 April they were dosed with
PEG and rumen s=mples collested for rumen water volume
axd flow rete measurements. 3ix of these sheep were
placed on K Block on 12 Agril: three om P and three
on S. The six plots of Kk Elock were again ¢empmwrily
sudbdivided, this time in the oppeosite direction to the
fivet aparimmr (Fig. 5). One half of each plot was
mown to grazing height while the other halves were graszed
in rotation by the cperimmmtal) gheep. A digestibility
trial was c¢conducted imidcurs ¢a grass frem the mown
arees from 7 to 11 May and the fistulated sheep en K
Block were harnessed and faeces collected over the same
period. From 15 to 17 May the fistulated sheep were
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dosed with PEG and rumen samples collected for rumen
water volume and flow rate determinations. Rumen
fermentation studies were conducted on 14 and 25 May
and on the latter date ammplss were also collected
for rumen ammonia determinations. Idive weights were
recorded regularly and the experiment finished on
25 May 1963.

4, :

A digestibility trial comprising 7 days pre-
femxiing, 10 days faecal collection anxi uaing three
wethers per grass was caxiusted frum 3 to 19 Octoder
1962, The sheep were harmessed and equipped with
faccal bags (Pig. 6) and were housed in individual pens
which comntained a feed bin and water tank,

The management of the mown areas of K Bloek
was aimed at prutwsigg grese of grazing height, 1.e.,
approximately 2 in long, for indoor feeding. In
practice this became very difficult as there was
insufficient area to provide enough grass at this
height to satisfy the meeds of the digestibility trial.
The grass for feeding indoors was allowed to grow to a
height of approximately > in and was thus mot strictly
comparable to the gruss the fistulatan abeep wese
grazing.

Grass for the digestibility trial was cut twiece
a day at 8.00 AN and 4.00 PM with a Dennis reel mower.
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After cutting, the grass for each sheep was weighed
into a tared plastic bag and the feed boxes replen-
ished from this as required Chrayghout the day. A
eample of ecach cut of gruss was dried in a feorced
draught oven at 90°C for 24 hr and the dried samples
bulked for each grass over the 10 day trial period.
Each day the whole feed refusal was dried and weighed.
A refusal of 15% was aimed at.

Faecal collections from doth the indocor aml
ocutdoor sheep were made three times daily, at 8.350 AN,
4.30 PN, and 8.30 PN, and the total wet faeces for
each amimal bulked for the day. Aliguots of 108 were
weighed and drisd at 90°C for 24 hr. The dried
MMIWMMMWﬂntOM
collection period.

A further 10 day faecal collection from the
grazing sheep was made from 28 Sovemdwr to 7 Desumder
1962, The procedures followed were the same as out-
lined above.

A seeand Aigestidility trial, again with three
wethers per grass, was started on 1 May 1965. This
trial was conducted in exactly the same mammer as the
first axcept that the sheep were bhoused in sstabolism
crates and only 7 days prefeeding followed by 5 days
faecal collection was possible because of a shortage
of grass.



Table 9. Diwrnal Variation in the DM § of Rumen

Contents
Sampling Time
Sheep
8.00AR 1,00 PH | 5.00 M | 10.00 ™
8.00 8.64 1.70 10.98
13.04 13.15 15.53 4.7
13.98 13.86 17.46 13.93
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Dried, bulked, grass and faeces samples from
both trials were fimely ground in a Niley mill and
stored in tightly stoppered jars. To alleow calsulation
of results on an crganio matter dasis, facces and
grass samples were ashed at 600°C for 4 hr. Faecal
nitrogen was determined by a semi-micro Kjeldabl
msthod using a eslanium-potasstum sulphate catalyst
(Bumphries, 1956).

Vhes digestibilfity trial results were calculated
a lag of 2 days was allowed between intake and faeeal
measurements in an attempt to account for the time
taken for food to pass through the digestive tract.

5

The procedures followed in using PEG as a marier
have been described in Chapter 1.
6. '

If 1¢ 49 assumed that rumen water volume remains
constant during the day an approximation to total rumen
DX content can be calculated from the relationship:

iy - R

Diurnal variation in rumen DM ¥ was checked using
three sheep grasing a ryegrass-white clover pasture.
Samples of rumen centents were collected frem just
below the fistula at 8.00 AN, 1.00 PN, 5.00 PN and
10.00 PH, and dried for 24 hr at 90°C. These results
are shown in Table 9. There were significant differ-



ences between sheep (P < .01) and between sampling
times (P < .01). Under the grazing conditions prevail-
ing the highest rumen DM £ was attained late in the
afternoon. This was observed to coincide with the
pariod of greatest gruzing activity. In the present
work a rumsn eaample was collected for PEG purposes at
4.15 PX each day, and so a DM sample was obtained at
the same time. This allowed total rumen DN comtemt to
be estimated.
7. Fumen Fermentatiom Studies
(a) In vive

Sheep wvere starved overnight prior to rumen
fermsntation studles. They were returmad to pasture
imediately after the first sampling at 9.00 AN and
apquar samples of rumed camtents were collected at
11.00 AN and 3.00 Pi, These samples were expressed
through muslin to remove plant debris and the resulting
mnmmmumtolwumm
ﬁthw“uthOMmill&uutoSlld
runen liguor. 3Six ml samples of acidifisd rumsn liquor
were steam 4Aistillad im a Mariham appurstus and the
distillate (60 ml) titrated against 0.1 N NaOH to give
total VFAs. The distillate was them evaporated teo
dryness, redissolved in a few drops of distilled wmater,
and the proportions of individual VFAs determined by
gas-liquid chromatography using the method of James and



Bertin (1952).
(b) In vitro

The Varburg-type fermentation apparatus deseribed
in Chapter 4 was used to compare S and P julces.
Substrates were prepared the day before each experiment,
by expressing jJuice fram S and P with a "Protessar’
(B. H. Bentall and Co. IAd.). The julces were cooled
and kspt at a temperature of 4°C until required.
Experimental design in all cases was as followss

Plask 13 40 ml S rumen liguor plus 10 ml phos-
phate buffer.

Flasks 2 and 3: 40 ml S rumen liquor plus 10 ml S juice.

Flask 4: 40 ml P rumen liguor plus 10 ml phos-
phate buffer.

Flasks 5 and 62 40 ml P rumen liquor plus 10 ml P Juice.
The flasks were incubated in a water bath with
contimous agitation for 2 hr at 37°C and gas produc-
tion over this period was measured. At the emd of each
experiment 25 ml samples of the contents of each flask
were acidified and stored for VFA amalysis.
C. Ammonia in Fumen Iiquor
Ammonia concentration in rumen liguor was
determined by the method of McDomald (1958) using the
micro-distillation apparatus of Comsay (1957). Ne
allowance was made for de-amination as this was found
to be imsignificant by Bryant (pers. comm.).



Fig. 7. Carbohydrate Analysis of Ryegrasses
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9. Chemical Apalyvsis of Ryegrass
All grass samples were freeze-dried and then

ground through the 1 mm mesh of a Casella grein mill.

(a) Carbohydrate Fractions
The method of carbohydrate analysis was that of

Btley (1964) and involved a stepwise hydrolysis of the

gruss eample as imiicated in Pig. 7. The amalytical

procedures used were as follaws:

(1)  Zotal Soluble Sugars (TSS). (Momo- amd oligo-
saccharides). Rstimated by the method of Bath
(1958). Que ml of solution TSS (Pig. 7) was
diluted to 100 ml with water and to ' ml of this
solution waa added 6 ml of concentrated H,S0,.
The resulting sclutiom was heated on a boiling
water bath for 6 min. Optical demsity was
muwammmum’:m
compared with a standard selutiem of glucose.

(11) JMater Soluble Polysaccharides (WsPs). (Stareh
and fructeosan). Estimated by the method of Bath
(1958). Ten ml of solutiom WSPS (Pig. 7) was
taken and diluted to 25 ml with water and ' ml
of this solution was put through the same proced-
ure as 7SS,

(124) Pectin. Estimated by the method of Bath (1958).
One ml of the pectin solution (Fig. 7) was put
through the same procedure as 758 and compared



(dv)

(v)
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with a staniard of gnlactuowmic acid 4n a spectro-
mmatam,n.

Hemicelluloge. Nethod of Nelsom (1944). Ten ml
of the arigiml salutian (Fig. 7) was taken and
neutralized with approximately 8 ml N NaOH using
phanolphthaletn as imiieator. This weutrulizsd
soclution was made to 100 ml with uwater and to

1 ml of this diluted solution was added with
shaking 1 ml of mixed Nelson's reagent. This
mixture was heated in a 25 ml graduated tube om
a boiling water bath for 20 min and then 1 ml of
arseno-molybdate solution was added with shaking.
Optical density was measured in a spectrophoto-
-matﬁzo’AMcwuthaawﬂf
glucese.,

Cellulose. Method of Nelsom (1944). Ten ml of
the solution indicated in Fig. 7 was neutralised
with approximately 15 ml 2 N NaOH using phenolp-
hthalein as indicator. This neutralized solution
was made to 100 ml with water and | ml of the
resulting solution put through the same routine
as for hemicellulose.

(v) Idenin

Iignin was determined as a residus.

(¢) Hitrosencus Fractions

(1)

Zotal Nitrogen. This was determined by a semi-



(11)

(114)

(1v)
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micro Kjeldahl method using a selenium-potassium
sulphate catalyst. Becauss of the presence of
large amounts of mitrate in the gruss samples

a pre-reduction was carrisd cut using the
reduced irom method deseribed by Bumphriss (1956).
Nop-protein Nitrogen. This analysis was earriad
ocut on the water soluble frustion of the alechol
axtract of the grass sample (Fig. 7). Nitrogen
was dstaruwizmd after a Kjeldahl digestion follow-
ing a pre-reduction of nitrete as above.

Protein Nitrogen. This was determined indirectly
as the differemece betweem total nitrogen and
non-protein nitrogen.

Btrate Btropen. Nitrete was determined on a
water extract of the dried gress by the phenol-
disulphonic acid method of Johnson and Ulrich
(1959) with no precautions being taken for the
presence of execess chloride,



Table 10. Chemical Composition of Ryegrasses, Experiment 1
Carbohydrates (X Da) Ritrogenous Fractioms of DM
Total N
Sample Date Vater Soluble Homi - ldgnin| NPN N

Sogare. | Polysaccharide | POHR | golrulose | %11U108€ | (¢Try) | (mg/100 ) (300;) &) 73)
SE |15 October | 10.50 0.28 1.35 9.70 | 15.20 | 3.30 | 556 232 3.58 | 4.2%
SL 1962 10.50 0.24 1.42 9.40 15.00 | 4.10 58 378 3.67 4.43
) 4 9.T5 0.27 1.65 9.80 18.30 2,20 | 498 177 3.59 4.09
s 12 November | 11.70 0.45 1.29 9.98 8.61 0.72 1306 358 3.28 4,59
P 1962 12.38 0.9% 1.9% 12.50 16.80 | 2.92 1011 257 2.66 3.67
s 26 NHovember | 12.T5 1.07 1.65 13.04 11.03 1.24 639 163 3.00 3.64
» 1962 12.00 1.12 1.62 | 12.76 1237 | 1.26 545 106 2.97 3.51
) 3 December | 12.15 1.09 1.30 13.04 11.90 0.98 565 92 2.96 3.52
? 1962 10.88 0.87 130 | 12.76 12.68 | 1.64 600 103 3.43 4.03
s 10 December | 15.08 | 1.2 1.42 12.56 11.62 3.28 525 8 3.21 3.T
? 1962 10.65 |lammmtt 1.65 | 11.38 1.64 | 3.60 525 65 342 3.94




1. Neather
The weather during EXparimmt 1 was not that

normally experienced in the spring in this locsality.
Rainfall during the experiment is compared with the
average of 50 years, belows

Benth: Aug . Sept. Oct. Nov. Deec.
Rainfall 1962 (tn):s 4.8 1.81 5.3 347 2.79
oiatell (n)s° 343 2.64 3.5 209 3.51

Septe=mber was umisually dry and October, when the
digestibility trial and first fascal collection took
place, was abnormally wet.
2. Chemical Amalvsis of the Ryemmsses

Samples of grass were collected regularly through-
out the experimental period and an analysis of carbo-
hydrate and nitrogenocus fractiomns is presemted in Table
10. The samples of 15 October 1962 coincided with the
period of the first digestibility trial, while samples
on 3 and 10 December 1962 were talen at the time of
the secomd faecal collection.

There was little difference between the grasses
with regard to TSS until the December samplings when S
was higher than P. VWSPS and hemicellulose showed no
consistent differences between grasses throughout the
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sampling periocd. There were no quantitatively
significant differemces in the pectin fractiomns. P
was highsr than S in cellulose for the early samples
but this differense gredumlly declined until the grasses
were the same on 10 December 1962. At the time of the
digestibility trial there were differences between the
gsusee8e 1in cellulose but not 4m TSS, while during the
second faeccal collection the reveree situation existed.

There was no obvious trend in lignin between
the two grasses.

Harked differences were chasrved in some of the
aitrogemmus fractions. NPN was higher in S for the
early samplas but by the last two samplings the two
grasses were aggzurimmtely the sams. HNitrate was more
variabls and in all cases exsept 3 Dnsamtmr 1962 when S was
higher than P, Nitrate comtent in both grasses was
high for the early samplss but declined during the
aparimmt. T™he «xtrammly high NPN and nitrate figures
for 12 November 1962 were probably due to the fact that
samples were collected 5 days after the pastures had
been topdressed with nitrolime.

At the time of the digestibility trial and faecal
collection in mid October a palatability problem existed
on the S plots. Sheep would mot graze these plots
readily and large areas, which were distinet from urine
patches, were not touched. utsmw&m



Table 11. Iive Weights and Iive Weight Gains in Experiment 1 (1b)
Before Treatment Switeh After Treatasnt Switeh
Sheep
Treat- Initial Live Weight Live VWeight | Treat- Iive Weight Live Veight
ment |live Weight | 1 November 1962 mm ment |15 December 1962 Mnm
B 129.5 146.0 16.5 151.0 5.0
BR 97.0 116.0 19.0 127.0 1.0
BB 98.5 110.5 12.0 121.5 1.0
Mean 15.8 Nean 9.0
(7] 108.5 114.0 5.5 17.5 35
GR 100.0 115 11.5 116.0 4.5
c‘ 1@.5 103.0 e 005 ‘1800 1600
Mean 505 Mean 800
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eumples of S were taken; the first, labelled SE inm
Table 10, was a rendom sample of all the plots whiis
the sample SL was taken solely frem the long grass that
was not being caten. It cam be seemn im Table 10 that
there were no differences between these samples in
cardtallydrute comstituents but that the NPN amd nitrete
fractions were higher for the unpalatable long grass.
For caugarisoan, eaamples of S and P wvere obtained om
24 October 1962 from an adjacent area which had mot
been heavily topiressed, but where each of the pure
grasses were grown in association with white slover.
The nitrate mitrugsa concentrations for S and P were
100 and 36 mg per 100 g dried grass respectively. This
imiisated that the grasses om the experimental plots of
K Elock were axtrumsly high in nitrete.

3. Ldve Welght
Idve weights and live weight gains for each of
the grazing sheep are given in Table 11, Before the

treatment suitch the P sheep gained more than those on
S while after the switeh gains were about egual.
4. Digestibility Trial, Faecal Production, and Intake
All intake and faecal production data were checked
to determine whether treatment effects could be
improved by removing variation due to animal size by
dividing by live weight or some function of it. This
type of transformation did not reduce variability so it
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Table 13. Faecal Collection from Grazing Sheep.
October 1962. (Data are Totalled from a
10 Day Collectiom Period)

OM | Faecal N

Sheep | Treatment "'z:'} o mg

B 2477 | 4,49

BR 2281 4,26

BB 1724 4.35

aw 1610 4,49

GR 2190 4.50

GB 1725 4.38
Mean 1842 4,44
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was not used,
Results of the digestibility trial conducted
in October 1962 are presented in Table 12, There were

no differences between the grasses in digestibility,
feed to facces rutio or fascal nitrogen percentage.
@uanis matter (0M) intake, digestihls arganic matter
(DOM) and faecal organic matter (FOM) were all slightly
higher for the P sheep.

The results of the fasecal collectian from the
outdoor fistulated sheep which were odbtaimsd at the
same time as the digestibility trial are presented 4in
Table 13. FOM was again slightly higher for the P
animals. There was mo difference between the treatments
in faeccal nitrogen percemtage, indicating that the
digestibility of both grasses was the same. Both FON
and faccal nitrogen percentage were slightly lower
than for the digestibility trial animals.

One of the aims of the digestibility trial was
to allow an estimate of the intake of the grazing
animals to be made., Digestibility was assumed to be
the same both indoors and cutdamsre and the intake of
the grazing sheep was calculated as the product of their
mean daily FPOM cutput and feed to faeces ratieo., This
gave msan ON intakes of 1184 and 1014 g per day for
the P and S sheep respestively. The validity eof
assuming digestibility to be the same indoors and out-



Table 14, Faecal Collection from Grazing Sheep,
December 1962. (Data are Totalled from
a 10 Day Collection Period)

O | Faccal N ¥

Sheep Treatment ’“ﬁ‘ (oM Basis)
): '} 3380 347
BR s 3608 343
BB S 3016 J.15
Mean 3235 335
Gl 2801 3,18
GR 2Tv7 J3.15
@B 3166 JJR
Mean 2695 J.22




Table 15.

Rumen Water Volume and Flow Rate Data.

Sheep Means for the Peried 10 September
1962 to 12 September 1962 Inclusive,

ool T | To e e
Rumen
Sheep | Treatment Vol\-'t:f)l e |
& [ Vo |
T 2587 474 28.5 5
BR E"ﬁ“ 2091 38 29.8 623
BB pasture 3036 426 19,1 580
-
 Group means 25Tt £ 159 | 427 $ 32 | 25.831.3 | 646 ¢+ 38
o Same as 2635 555 25.5 660
GrR | above 3129 575 25.7 796
GB 1460 185 22.0 322
Group means 2408 + 159 | 438 ¢ 32 | 24.841.3 | 595 ¢ 38
Probabdlity levels
(1) Betucen days NS NS ES
(24) Sheep within
. )m P < .01 P < 001 p< 05| P< .00
1141) Between
petmis xS NS BS NS




Table 16.

Rumsn Water Volume and Flew Rate Deta.
Sheep Means for the Period 29 Octoder
1962 to 31 October 1962 Inclusive.

Water Flow Rate

Total Rumen From the Rumen
Rumen
Sheep | Treatment Volm'?m DM
% V%;- ml/he
B P 3837 580 24.4 Bh
BR P 4201 677 20.5 851
BB ) 4 4316 613 15.9 ™
Treatment means 4197 ¢ 350 | 624 4 28 | 20.240.6 | 842 & 27
an S 2n7 363 19.6 552
GrR S 3134 510 17.7 552
GB S 2682 296 3.4 344
Treatment means 2844 4 350 | 390 4 28 | 16,940.6 (476 ¢ 27
Probability levels
(1) Between days ¥S NS NS NS
(11) within
e, By s S | P< .00 |P< .025
l(m)m P < .025 P < .00 P < 01 | P .00




™adbls 17.

Rumen Water Volume and Flow Rate Data.
Sheep lMeans for the Nriad 12 Dysemder
1962 to 14 December 1962 Inclusive

wotel Ruma| 'Foem the Damn
Rumen
Sheep |Treatment Voh.‘zm DM cm-u
& Vﬁ‘ m
B S 3432 507 25.4 864
BR S 5913 T25 17.4 1019
BB s 4610 621 21,1 964
Treatment means k652 4 500 | 618 + 33 | 21.340.5 |99 ¢ 32
G P 299 403 7.2 650
GR P 3232 500 21.2 674
GB P 1955 288 31.1 586
Treatment means 2528 ¢ 500 397 + 33 26.640.5 |637 ¢ 32
Probability levels
(1) Between days P<.05 | P <.001 »S
(12) Mecpwithin| g P< .06 | P< .00 us
(141) Between | p(o,05 | P<.001 | P<.001 [P < .000
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doors can be criticised in regard to the lower faecal
nitrogen percentage of the outdoor animals (compare
Tables 12 and 13). This may mean that the grezing
sbeep were selesting foed of a slightly differeamt
digestibility to the indoor sheep (lambourne and
mardem, 1962). In the present work it was considered
that any such erruor was of minor importance in a
comparison of the intakes of S and P by sheep.

Results from the faecal collectiom after the
treatments had been switched are givem in Table 14,
FOM production was higher for the sheep grazing S.
There was littls Aiffuremce in fascal nitrogen percent-
age between treatments, however the overall level was
much lower than in the October digestibility trial
indicating that digestibility of the grasses was
lower in December.
5. Eumen ¥ater Volums and Flow Rate

Data on rumen water volume, total rumen DM and
the flow rate of water from the rumen for the peried
of common grazing in September and for treatment
measurements in October and December are presented in
Tables 15, 16 and 17 respectively. For each of the
variables presented in these tables statistical tests
of differences between measurement days, between sheep
within treatment groups and between treatments are
shown. Treatmemt effects are also presented



RUMEN WATER

TOTAL RUMEN

WATER FLOW

WATER FLOW

FIG. 8 ESTIMATES OF RUMEN "FILL" AND THE FLOW RATE
OF WATER FROM THE RUMEN, SPRING 1962.
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dlagremmtiaally in Pig. 8.
The data on rumen water velume and total rumen

DN was plotted ggatnst 1live weight in all cases as
aggestal by Johms ¢t al. (1963). There was no
mmmnnum.m:nmmm
ummmau&wuvmmms
of rumen "£111" by live weight or scme fumction of it.

mmamw.mmm
were on common grazing, the only significant effects
were between sheep within groups (Table 15).

In October after the animals had beem on the
WMMMTWMMW
treatment effects on all variables. Rumen water volume
and total rumen DM were both significantly larger
for the P animals, The percentage of rumen water
volume leaving the rumen per hr decreased om both
grasses when compared to September: values for the P
animals were significantly higher than those on S. The
mmmnumummrm
mmammm.mwmm
of October the treatments were significantly different
(r3g. 8). With both measures of water flow yate there
were significant differences between sheep within
treatments.

The variables were estimated again in December
after the treatments had beem switched for 6 weeks



Table 18. Volatile FPatty Acids from the Rumen liquor of Grazing

Sheep, 24 October 1962.

VFPA Proparticms (%) »
VPA Total VP
| Sheep | Trestment (mmg““ b i ? )
Acetic | Propiomic | Butyrie

B P 14.63 61.3 2.1 15.6 561
BR 14.70 55.2 26,2 18.6 618
BE P 15.12 64.9 24.5 10.6 668
Mean 14.82 60.5 24.6 14.9 616
aw 8 16.06 55.7 28.0 16.3 436
GR 15.79 58.4 25.4 16.4 495
aB 15.46 56.2 25.2 18.6 415
Nean 15.77 56.8 26.2 17.1 Lio

# Calculated as the product of mean rumen water volume and VFA consentration.




Table 19.

Grazing Sheep, 26 October 1962

Volatile Fatty Asids from the Rumen Idquor of

VFA Proportions(%)
VFA on Total VPA*
Sheep | Treatment (mf" Aoetis | Proviomie | Butyrie | iB Rumen (mk)
B 9.22 62.2 22.8 15.0 354
BR 9.97 57.2 26.8 16.0 419
BB 135 62.2 23.0 14.8 501
Mean 10.18 60.5 24,2 155 425
GW 11.12 58.8 25.4 15.8 302
GR 12.96 57.7 26.3 16.0 406
GB S 10.28 55.8 28.5 15.7 276
Mean 11.45 57.4 26.7 15.8 328

* Caloculated as the product of mean rumen water volume and VFA soncemtration.
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(Table 17, Fig. 8). The rumen water volumss of animals
that had been on P before the switch contimued to
increase but at a redused rate when switched to S. The
rumen water volumes of animals that were switched fram
S to P declinad, Total mamp DNl remained virtually
unchanged after the switch and the treatments remained
significantly different. There were also significant
day and sheep effects in total rumen DM. The percent-
age of water leaving the rumen per hr increased in
animals on both treataents after the switch, but the
values for sheep switched from S to P tncremsed more
rapidly than those going from P to S, and by December
there were significant treatment, sheep and day effeets.
Absolute flow rate increased om both treatammts aftar
the suiteh and there were significant treatmsnt differ—
ences in December.
6. Bumen Fermentation

Samples were available for analysis omnly for
October.

(a) Zn vive
The results of two separate samplings are shown
in Tables 18 and 19. Both tables show that a slightly

higher concentration of VFAs was found in rumen liquor
from S sheep than from P sheep. Rumen liguor from S
sheep contained a lower proportion of acetis and higher
proportions of propionic and butyric acids than that



Table 20. The Results of in vitro Fermentations on 24 Ootober 1962
Gas VPA Proportions (% Total Individual VFA
Substrate ':?‘ Bvolved f° v:::) %) Production (mh)
(m1) Acetic | Propionic | Butyric | Asetis | Propionic| Butyris
P 6.T2 | 39.0 3.96 56 .5 27.4 16.1 2.237 1.085 0.638
Buffer | 7.12 | 22.0 2.08 56.9 3.4 19.7 1.184 | 0.487 0.410
Net Produstiom 17.0 1.88 1.054 | 0.598 0.228
s 6.65 | 54.5 5.19 50.0 31.5 18.5 2.565 1.616 0.949
Buffer | 7.15 | 23.5 2.35 50.9 26.6 22.5 1.196 | 0.611 0.529
Net Production 31.0 2.78 1.369 1.005 0.420




Table 21.

Concentration of Ammonia in Rumen Idquor, Expepiment 1

Sheep
Date B BR BB (¢ GR GB
1 Novamder 1962 | Treatmsnt P P ) 4 S 8 .|
Nil, -N (mg/100 m1 rumen 14quor) | 39.26 34.11 29.57 | 32.93 55.16 26.82
Treatmsnt msans }“031 ’80’8
11 Decembder 1962 | Treatasnt 3 8 S ) 4 ) 4 ) 4
M, -N (mg/100 ml sumen 1iquor) | 35.11 4T7.60 45.47 | 46,98 46.42 4&T.60
Treatment msans 4.7 47.00
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from P antimls. Total VFAs in the rumen were caleculated
and they reflscted Aifferwnres in rumem water volume.
(v) In vitre

Results of an in vitro fermenmtation of the
grase julees are showh in Table 20. The fermemtation
of juice from S produced more gas, a higher VFA
concentration, a lower proportion of acetic and higher
proportions of propionic and Wutyris scids than the
fermentation of P Juice., Quantitatively the total
amount of acid produced per flask was higher for the
S treatasnt.

Results of ammonia determinations on rumen
liguor are detailad in Table 21. There were no marked
diffownces in treatmest either before or after the
switeh, however both treatments had increased by approx-
imately 8.5 mg per 100 ml by December.

Experiment 2
1. V¥eather

Normal summer and autumm weather prevailed
during the second experiment. Rainfall data is shown
belows
Month : Peb. March April May
1963 rainfall (in): 3.86 2,06 2.62 3.69

o {1y o 3.01  2.64 3.20 3.59



Chemical Composition of Ryegrasses, Experiment 2

Date

Carbohydrates (£ DN)

Nitrogenous Fractioms of DN

¥Water Soluble Hemi -~ XPE -8 N

soluble | porysaccharide | T°°U1R | gellulese | Ceilulcse (% DM) | (ng/100 g) (3@03) W %

s 6 March 1963 | 19.13 0.58 1.59 11.88 14,38 3.15 703 215 3.49 5.19

) 4 A.50 0.67 2,24 12.88 19.88 4.97 783 228 2.64 3.24

(3 8 April 1963 10.69 0.70 1.45 9.13 10.63 3.87 79 252 3.75 4.53

6.56 0.66 1.91 10.88 13.63 6.23 594 114 3.61 4.20

S 7 May 1963 14,44 0.68 1.06 9.13 12,50 | 2.07 503 90 3453 4.03

‘ 12.00 0.48 1.76 8.00 12.13 S5AT 656 99 3.82 4 A7
!

] 12 Fay 1963 11.06 0.70 1.09 9.13 12,63 3.52 629 156 3.68 4,31

0.80 0.86 9.88 13.50 5.09 646 o7 3.7 4.38

9.58




Table 25. Idve Weights and Idve Weight Gains,
Experiment 2 (1b)
Initial | Idve Live Weight
Sheep | Treatment | ;4,0 weight | at 23.5. Gain
B 162.0 163.5 1.5
BB 130.0 135.5 5.5
GR 124.0 130.0 6.0
Mean 4.3

BER 142.5 147.0 4.5
c 126.5 137.0 10.5
112.5 125.0 12.5

Mean 9.2




Table 24,

fraa a 5 Day Collestion Pertod).

Digestibility Trial Data, May 1965 (Data are Totalled

oM Fae oM | To DM s Faecal ¢
Sheep |Treatment | M fofale | Faceal o | DI R | Peca/ranees | Toocal ¥, |
4 527> 975 h298 81.5 5.41 5.19
P2 4632 952 3680 79.5 4,87 4,80
4 6278 1199 5079 80.9 524 4,43
31 T256 1677 5579 76.9 4.33 4.81
s2 7220 1458 5762 79.8 4.95 4,82
()] 7185 1329 5856 81.5 541 4,84
Mean 7220 1485 5766 79.4 4.90 4,82




-Th -

2. Chemical Analvsis of the Rvecrasses

An amelyuis of the cardbalydsqte and nitrogencus
fractions of samples of P and S collected between
March and May 1963 is presented in Table 22. The last
cample was collected prior to the mumsn water volume
and flow rate determinations 4imn May.

In general the 7SS content of S was greater
than that of P, whereas the pectin, hemicelluleose and
cellulose content of S was lower than P. There was a
trend for these differences to deeslims during the
axpgarimmntal peried,

The lignin content of P was higher than that of
8 throughout the sampling period.

NFN declined over the experimental period and
no obvious trend between S and P was observed. Nitrate
nitrogen followed a similar pattern to HFE.

3. Live Weight

Live weights and live weight gains fer the
experimental period are givem in Table 25. The gaims
were small but on average the P sheep gained twice as
much as the S5 sheep.

4,

AT S Ly Y , AL 4 AL ULU i Antax
Results from the digestibility trial of May
1963 are given in Table 24, OM intake, FOM and DOM
were higher for the S animals. Estimates of OM digest-
ibility were on average slightly higher for the P




Table 25. Faecal Collection from Grazing Sheep,
May 1963, (Data are Totalled from a 5 Day
Collection Period)

Fascal OM Faecal N ¥

B 1325 4,06
BB 1081 §.60
QR 1044 §.1%
Mean 1150 k.26
BR P 1814 239
Cc 1019 4,06
1191 4,26

Mean 1208 4,25




Table 26.

Fumen Water Volume and Flow Rate Data.,

Sheep Neans for the Perded 9 April 1963
to 11 April 1965 Inclusive.

[ sotar mmen| "S20% DA Tate
Rumen
| Treatment Ot
Sheep Vﬂ_m W 4 'r
bz ) r 3550 491 24,7 869
B (Nt | 370 488 22.3 841
. GR pasture >829 -] 4 18.9 78
Group means 3710 ¢ 122 | 517 ¢ 19 | 22.040.5 | T76 ¢ 21
B® - 8415 607 22.3 981
T =gy 5098 T4e 16.9 855
W 2277 30 27.2 612
et B o i tbnid }
Group means 2930 ¢ 122 | 551 $ 19 | 22.130.5 | 816 ¢ 21
Probability level:
(1) Between days RS uS P < 05 NS
11) Sheep uithin
( )m" P £ 00 PL.00 | P<.008 P (.00
(224) Between o NS S




Table 27. Rumen Water Volume and Flow Rate Data.
Sheep Neans for the Period 15 May 1963
to 17 Fay 1963 Imcluaive

Total Rumen
Sheep |Treatment m‘?m nllcm-e -

'7‘1;- ml /hr
B [} 4232 601 21.2 880
BB S 3570 496 22.1 760
GR 3259 462 27.6 826

Treatment means 3687 $ 286 | 520 ¢ 3k | 25.631.0 | 822 ¢ 55

BR P S661 T68 21.5 1178
c P 6276 819 18.0 929
| 4 3367 440 4.1 T05

Treatment means 5115 ¢ 286 6T6 ¢+ 34 | 21.,241.0 (961 ¢ 55

(1) Between days| P < .00 p<.00 | P <.000
1 within
(11) Sheepwithin| p( o5 | Pc.01 | PL.05| BS

(311) Tetemen P < .00 P < .00 BS
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treatment and this is reflected by the feed to faeces
ratios. Faecal nitrogen percentage was the same for
both treatments. |

Results of the faecal collection from the
grazing fistulated sheep are presemnted in Table 25,
There were no differences between the antmals grazing
S and P in FOM or faccal nitreogen percentage. Faecal
nitrogen percentage was slightly lower than for the
digestibility trial animals. If the feed to fasces
ratios odtaimxi in the digestikility trial are assumed
to apply to the grazing animals, then mean ON intales
of 1127 and 1249 ¢ per day can be calculated for the
sheep grazing S and P respectively.

5. Humen ¥ater Volume and Flow Rate

Rumen water volume and flow rate data for the
autumn experiment are presemnted in Tables 26 amd 27,
Treatment differences are indicated diagrammatically
in Fig. 9.

During the pericd of common grazing in April
(Table 26) there were significant differences between
animals for all the measurements. There was also a
significant difference between days in the percentage
of the rumen water velume changing per hr.

After a period of approximately 5 weeks om treat-
ment all mesasurements showed some divergemce (Fig. 9).
There were significant treatment, sheep and day effects
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Table 30. The Results of in vitro Fermentations om 14 May 1963
[ Total Imitvidual VFA
Final | . 988 | 2ota) VPA VPA Proporticns (%) " Produstion (mN)

ml Asetic | Propiomio | Butyris | Acetic | Propienis | Butyris

P 6.46 | 61,3 5.65 62.6 23 4 1%.0 | 3.5 1.32 0.79
Buffer 6.90 | 21.5 3.61 66.7 18.6 Ww.r | 2.4 0.67 0.53
Net Produotica 39.8 2.04 1.13 0.65 0.26
8 6.60 | 60.8 5.68 64,8 23.5 1.7 | 3.68 1.33 0.66
Buffer 7.00 | 20.0 3.25 66 .6 20.0 13.4 | 2.30 0.58 0.37
Net Produstioa 4o.8 2.43 1.58 0.75 0.29
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on rumen water volume and total rumen DM. Neither
measure of water flow rate from the rumen showed
signifisant treataent effests. There were sigmifisast
sheep and day effects on the percemtage of rumen water
volume changing per hr,

6. Rumen Fermentation

(a) Zn vive
mnnluetuomﬁmmm

in Tables 28 and 29. There was little differemce in
the concentration of VFAs in rumen liquor collected
from animals on both grasses, and no differemces in
VFA proportions. Total VFAs in the rumen reflected
differences in rumen water volume and were higher for
the P treatment.
(v) In vitre

Results from the in vitro fermemtation of P and
S grass juices are presented in Table 30. There was
idttle difference bhetween treatments with S producing
more total VFA, a higher proportion of asetic acid and
less butyric acid thar P,
7. Comcentration of Ammonia in Rumen Liguor

Results of ammonia determinations on rumen liquor
are presented in Table 31. Samples from the P animals
were higher than these from the S animals,
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DISCUSSION

In the experiment conducted in October 1962
VFA and ramma 411" data were cimilar to the earlier
werk of Johms ¢t 3l. (1963); yst live weight was in
the reverse order to that shown by Rae gt al. (1963),
with the sheep grazing P gaining more than those grazing
S. A posaible explanation was that food intalke of
the S aximmls was low camgmsed to theee on P, an
explammtian that 1s supported by the calculatioms of
ON intake and the rates of flow of water from ths rumem.
This situation was theugdt te be due to a less of
palatability of S in October, asseaiated with the
high concentrations of NFN and nitrats in this gress
(Tadie 10).

Under normal environmental conditions there is
a seasomal variatiesn i mitregmnsus compounis im the
seil, mFtisularly in regard te mitrute and ammonium
ions (Butler, 1959; Simpsam, 1963), Over the summer
such compounds accumilate in the soll and with the
onset of autumn rains they become available as plant
mtrients and so facilitate the autumm "flush® of
pasture. These nitrogencus compounds are leached out
of the soil during winter and in the spring their
concentration is normally lower than in the autumm. In
the present experiment umusual envirommental conditions
vere experiemced in that there was a warm dry September
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followed by an abnormally wet October. A similar
environmental situation was reported 4im Palmerston North
in 1957 by Butler (1959) who indicated that a spring
"£lust” pasture high in mitrate resulted and sheep
grazing it showed checks in live weight gain. It was
significant that at the tims of the presemt experiment,
animals grazing S and P pastures on paddock 16 ef
Massey University showed mo treatment differences ia
1tve weight gain. The animals on S subseguently grew
faster once the spring peried had been passed (Rae,
pers. comm.). Under New Zealand conditiems ryegrass
variecties have shown a tendemcy to accumilate mitrate,
mrrisclarly when warm reims follow dry periocds (Butler,
1959). The safe limit of nitrate for ruminants is
generally recognized as 200 mg of nitrate nitrogen per
100 g dry feed (Garmer, 1963) and any ratiom comtaining
excess of this must be considered a potential source
of nitrate intoxication. In the present experiment
where there were high applications of nitrogencus fert-
ilizers as well as a secason favouring the accumilation
of nitrogencus compounds in the ryegrass, the S,
particularly the unpalatable sample, contained higher
than the safe nitrate level. While factors such as the
concentration of soluble carbohydrate in the grass
will determine the course of nitrate metabolism in the
rumen, the possibility of subelinical nitrate intoxication
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camnot be excluded, However, nome of the aymptoms of
nitrate poisening described by Garner (1963), such as
methasmoglobinaemia or impairment of Fummn motility
were observed., It is thought more likely that sems
other nitrogencus fraction of the feed such as amn
crganis nitro- or amino- compound, suggested by Butler
(1957, 1959), eenld have caused the unpalatabiliity.
This possibility 1s sCrunpgthaned by the observation
that during the peried of low palatability the animmls
were reluctant to eat S and smiffed at the grass when
selecting their feed. It seamd likely therefore,
that the lower intake and live weight gains of animals
on S in the October experiment could have been due to
an unpalatability caused by the accumulation of
umusually high amounts of nitregencus substances during
abnormal envirommental comditioms.

After the switch of treatments in early November
1962, live weight gains were similar in the sheep
grazing S and those grazing P, Data on fascal nitrogen
percentage suggested that the grasses were of similar
0N digestibility but that this was lower tham im
October. The production of FOM suggested a higher
food intake of S than P. This latter result might have
been implied from the chemical composition of the grasses
(Table 10), where by December the ratio of soludble to
structural carbohydrates was higher for S thanP,
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However the suitch of treatments did not bring about
the expected reversal of results. The rumen "ri11"
and water flow rete results after the switech (Fig. 8)
were difficult to interpret. There was neo consistent
pattera in any of these variables and the conclusiom
was that the rumsns were affested by previous mutrit-
ional histary, L.e¢., there sere carry-over effects fram
the high NPE and nitrate period. In this commectionm,
4t should be noted that ryegruss samples collected in
November were still high in aitrogimmus components
and 1t was not until December that normal concentrations
were attainmed., This might suggest that the high NPN
content of S did have soms effect on animal heslth
and that the palatahiliity differeres betuween P and S
my not have been the sols cause of the poor live
weight gains of the S animals in the October experiment.
There d1d not seem to be any complicating
factors such as palatability differemces cccurring in
the autusmm experiment, yet live weight gains were again
in favour of the P animmls. The similarity between P
and S in ON Aigestiddiity and chemical composition in
May 1963, as well as the similarity in VFA data from
sheep grazing these grasses,suggested that there was
little differemce in thelr guality to the sheep. It
appeaved that the higher live weight gain of animals
grasing P could be explained by their higher OM intake
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of this grass. A complicating factor, however, was
that sheep fed S during the digestihility trial had
higher OM intakes than those fed P (Teble 24). Neo
explamation is offered: it is thought unlikely that
this result was due to differences between fistulated
and nom-fistulated sheep.

The comcentration of ammonia in rumen liguor
only showed differences between treatments in May 1963
when rumen liguor from P sheep was higher than that
from S sheep. As MeDomald (1962) pointed out,ammonia
is probably the key nitrogenocus metsbolite in the rumen
and accumlation of ammonia in the rumen could be due
to three causes: unusually high amcunts of nitrogencus
compounds in the feed; impaired absorption; or poor
utilization of ammonia for symthetic purpeses by the
rumen micro-organisms. In the present work P was not
abnormally high in nitrogencus compounds in May nor
did it contain a significantly lower soluble carbohydrate
fraction than S. Thus from the data presented it is
difficult to see why rumen ammonia comcentrations in
the P sheep were high. A possible explamation may be
obtained with referemce to Pig. 9 where the percentage
of water leaving the rumen per hr was lower for the P
anlmals. Thus a unit of P rumen liguor was available
for rumen microbial attack for a longer period tham a
unit of S. Another unconfirmed possibility was that



there were differemces in the solubilities of P and S
protein.

In the pramnt wark it was hoped that the
fermentation of gress juices Ap vitre might give an
imitentian of the fermentation of the ryegresses in the
rumen. However, «xpresaian of grass Jjulses by physical
means releases only substances soluble in the plant
sap and the structural hemicellulose and cellulose
fractions are not included, While this procedure is
adeguate in situations such as these described by Boda
and Johms (1962) where the processes studied were
associated with the plant juices, it was imadegquate
in the preseat circumstances where the ratic of soluble
to structural carbohyirate was of comsiderable import-
ance (Bailey, 1964).

The results of the present experiments are
umsual in the sense that the great weight of evidence
from eariier work, conducted as 1t was with large
mabers of animals and over several years, suggested
that higher live weight gains should be expected om S
than on P (Rae gt al., 1965; Barton and Ulyatt, 1963;
Johns, gt al., 1963; Molean gt gl., 1964). However
some points that are pertinent to the earlier studies
have emergeds
| S Situations can exist where sheep grezing P show
greater live weight gains than those on S, In this
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respect S appears to be more susceptable to envirommental
changes in nitrogenocus compounds than P.
2. There were higher live weight gains for animals
grazing P than those grazing S in both the October and
May experiments. This was in spite of the VFA
mupetias being Umaretisally orientated tamrds
idncreased animal production om S im the October experi-
ment. It 41s interesting to note that in the work of
Johns gt al. (1963) the proportiom of acetic acid im
ruzsn liquor from P-fed sheep was 74.5% (Table 6)
whereas in the present work the highest figure recorded
frax the P animels was 64.9¢%. This is further evidemse
thatt'hcceuuuueruﬂmwm‘ntnmm
in the present experiments.

It s considered that any explanetion of the
differences between S and P solely in terms of VFA
utilization by the sheep might be an over-simplification
and intaks lsvel may have been a2 major factor contri-
buting to the live weight differemces cobserved in
earlier work.,

), The significance of the differemces im rumen
"£111" found in the present work needs careful evaluatiom.
In both the spring and astusn expurim=mts rumen “£i11"
followed the earlier work of Johms gt al. (1963) and
was larger on the P than S treatmemnts, yet in the
present work live weight gains were in the reverse
arder,



Evans (1964) carried ocut stremgth tests em
samples of the same ryegrass amalyzed by Bailey (1964)
and these were found to correlate well with cellulose
content: P which was comsistently higher than S in
cellulose also had the higher breaking stremgth.

Other fastars such &8 the extent of lignificatiom,

the proportion of scleremchymous tissue and the
structural orientation of the cellulose fibres may
contribute to the stremgth difference (Evans, 1964).
In the October experiment P was significantly higher
than S in cellulose (Table 10) while im May P was
consistently higher than S in lignin (Table 22).
Purther, total yumsn D, of which structural carbohy-
drate 1s a large fractiom, was significantly higher
for the P aximmls in both the October and May experiments.
Such strength differences could mean that P was harder
than S to break down in the rumen,by digestion and
chewing, to a particle size that was readily passed
through the reticulo-omasal orifice (Balch, 1950, 1960).
P residues would thus tend to stay longer in the rumen
than these from S. This would fmply that S is brolen
down and passed through the rumen more repidly than P.
However this does mot explain why the rams "£111s” of
the S sheep should be smaller. In other words, what
stops the S animals eating teo repletion of their
rumens? A feasible explamation is that the fermentation
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of S produces metabolites which are absorbed and cause
a chemostatic limitation of intake. There were only
minor differences im the concentrations and proportions
of VFAs foumd in rumen liguor from P and S sheep so
there was no indication of a highar production of
metabolites from the fermentation of S. However,
results odtaimmd from samples of rumen liquor must be
treated with cautiem as the comcentration and proportion
of VFAs obtained are emly the balance of formmtiom over
abscorption. As the relative rates of alsarptiom of the
indivdual acids vary with pH of the rumen comntemts, the
actual difference in amvunts of acids availlable to
sheep on the two ryeguasss ecculd be greater than
readd here (see Annison and Lewis (1959) and Dobson
(1960) for reviews on absorption from the rumma).

An account of an investigation into the possi-
bility of chemostatic regulation of food intake by VFAs
is given in Chapter 3.

Much of the evidemce presented in this chapter
demonatrated that the experimental conditions obtained
did mot reproduce those in the earlier work of Rae
et al. (1963), Barton and Ulyatt (1963) and Johms et al.
(1963). Yet within the current experiments several
interesting aspects of the mutrition of sheep grazing
pasture were encountered.
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1. Experiments were camiusted on the mutritive
valus to grazing sheep of S and P in spring 1962 and
autwm 1963.

- Characteristics such e3: 1live weight, OM digest-
1b11ity, OM intake, rumen water and DN contents, rate
of flow of water fram the rumen, concentratiom and
proportion of VPAs ia rumen liguor and the concentration
of ammonia in rumen liguor, were measured in sheep
grazing both grasses, and were comsidered in relation
to the chemical composition of the grasass.

3. The «apsarimmral conditions of earlier work
were not reproduced and in both the spring and autumn
experiments P-fed sheep had greater live weight gains
than S~fed sheep.

5, In both experiments P-fed sheep had larger
rumen "£111s" and OM intakes tham the S-fed sheep.
The grasses were similar in ON digestibility. There
was little difference between P-fod and S-fed sheep in
the concentrations and proportions of VFAs found in
rumen liguor, In the autumm experiment the comcentra-
tion of ammonia was higher in rumen liguor from P-fed
than S-fed sheep.

5 In the spring experiment a loss of palatability
was encountered on 5 and this was thought to be
associated with the NPN fraction of the grass.
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6. The results are discussed in relation to those
of earlier ryegrass comparisons.



CHAPTER >

THE EFPECTS OF IDTHARINIEAL INFUSIONS OF
VOILATILE FATTY ACIDS ON THE REGULATION
OF FOOD INTAKE IN SHEEP
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Much of the research into food intaks regulation
of mammals has been carried out with monogastric
animals and orientated towards medical sciemce. This
rovies will briefly cutline the preseant state of know-
ledge on monogastric animals before considering the
specialized field of ruminant food intake regulatiom.
1. Current Knowledge on the Resulation of Masmallan

Food Intale
(a) Ine Rele of the Nervous System

Since the nervous system co-ordinates visceral
and somatic activities of the animml 1t would be
expected to play a major role in the regnlatiom of
food intake. There is much experimmntal support for
this contention: for recemt reviews see Brobeck
(1955, 1960a, 1960b) Andersson and larsson (1961a)
and Anand (1961).

Anand (1961) postulated three levels of neurel
control over food intakes
(1) The lowest lsvel s by feeding reflexes which

operate through the spinmal cord and brain stem.
(£4) The next highest level is at the hypothalamus.

Two areas of the hypothalamus appear to be

concerned (Ammmd and Brobeck, 1951; larssom,

1954; Brobeck, 19555 Wyrwicka and Dobrzecka,

1960). The firet is in the region of the ventro-
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medial muclei where stimlation produces hypo-

phagia and lesions produce hyperphagia and

obesity. This area has been called the "satiety
centre”. The second area kmown as the "feeding
centre” is im the latersl hypothalamus where
stimlgtion results in hyperphagia and lesions
cause aphagia.

(111) The highest level of mervous regulatiom of food
intake is ascribed to cerebral control. Anmand
(1961) reviews evidence for higher levels of
control and concludes: “This reviewer believes
that the basic urge of ‘hunger’ (which is facil-
itatory for feeding behaviour) and the mechanism
of 'satiety' (which is inhibitory for feeding
behaviour) are located im the hypothalamus;
the cerebral influences are regarded as mainly
of a dmriMimtive character and have been
dsxigmated as ‘appetite’.”

Thus thare 1s srwasam to suggest that regulation
of food imtake 1s mediated through the mervous systes.
In monogastric animals much interest has focussed on
elucidating the mature of the stimuli which signal the
nervous system in response to the ingestion of food.
Several theories have been elaborated and the main ones
will be briefly considered below. Before doing this At
would be helpful to define the type of respomse under
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discussion. Two types of intalee regulation are posai-
ble: short-ters regulation which adjusts day to day
enargy tmlance, and a long-ters mechanism which acts

to amintain body waight over a long periai of time.
This review will deal mainly with short-term food intake
regulatian.

(v)

(1) Chemostatic Theory. The post-prandial rise in
blood concentration of various metabolites has
been suggested as a possible mechanism of intake
regulation.

The most widely dissuased theory 1s the
"glucostatic” theary of Mayer (1953, 1955). Mayer
suggssted that the circulating level of blood glucose
regulated intaks through gluco-receptors which he
postulated exist in the satiety cemtre of the hypo-
thalamus. Van Itallts, Beaudoin and Mayer (1953)
proposed that arterio-venous differences in glucose
gave a better correlation with imtale than did
blood glucose concentration. In this scheme the
animal comences eating when arterio-venous differ-
ences in glucose are low and stops eating when
differences are high. The glucostatic theery is
not universally accepted (Grossman, 19553 Amand,
1961).
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Other metabolites have been suggested as
intake regulaters such as non-esterified fatty
acids (Van Itallie and Hashim, 1960) and serum
amino acids (Relltnimff, Franklani, Boyle amd
Gretpel, 1956; Samshuja and Harper, 1962).

(24) ‘Thermostatic Theory. Erodeck (1948) proposed
that, "animals eat to keep warm and stop eating
to prevent hyperthermia”. Strominger and
Brodeck (1953) elabarated this by propoating that
the specific dymmic action of the food increases
the heat stress of the body as a whole, and
signals the nmeed to stop eating. These authors
considered that fastors such as the interaction
of the amimm)] with its exvirammmt are of import-
ance in food intake regulation.

Magoun, Harvisam, Brobeck and Ranson
(1938) and Andersson and laersson (1961d) have
shown that the hypothalamus is sensitive to
temperature changes.

(121) Idpostatic Theopy. Bruce and Kemmedy (1951) amd
Kemnedy (1953) suggested that the circulating
concentration of certain unspecified metabolites
acts on the hypothalamus to prevent a surplus of
energy intake over expenditure. They comsidered
that the amount of fat in the depots could
influence the comcentration of these metabolites.
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Mayer (1955) went furthar and suggested that
the gluscetatic mechanism provided short-term
intake regulation while the lipostatis
mechanism provided long-term comtrol.

(av) Regulation by the Gastro-intestimel Trect. Var-
ious workers have suggested that sensory
receptors in the mouth, pharynx, oesophagus and
stameh are impurtast factors in the regulation
of imtads (Janowitz and Grossman, 1949a;
Share, Martymuik and Qresemn, 19523 Grossman,
19553 Quigley, 1955; Amami, 1961).

(v)  Effect of Water Belance on Food Intake. Changes
im water distribution between the body and the
lumsp of the digestive tract have been implicated
in the control of food imtals (Adolph, 1947;
Stramirger, 19473 Brobeck, 19553 Andersson
and Iarssom, 1961a).

Although many mstasiass have been suggested to
provide stimuli to the nervous system for the regulation
of food intake it appears that a multiple factor theory
such as proposed by Jamowits and Grossman (1949d) is
more realistic. Brobeck (1955) has summed up the
situation very mieely: "satiety acours following the
ingestion of any type of diet, mo matter what its
composition and iryespective of whether the products of
its digestion are amino acids and peptides, or mono-
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saccharides, or fatty acids, glye@ul, and mutral
fats. Since there is this variety of changes brought
about by feeding, it is not surprising that more than
one of them can provide aigmls to the regulator, nor
is it remarkable that no one hypothesis has proved to
be emtirely satiafuctory.”

2.

Vhen camxiderimg ruminant intake regulationm,
special features of the ruminant such as the modifica~
tion of the stomach into rumsn, reticulum, omasum and
abammsm, and the magnitude of the microbial ferment-
ation taking place in the rumen must be takem into
account.

This revise vwill be comcermed with the imtal®
regulation of the piynialarimlly normml antmal eating
a ration to which it is accustamsd. The term palataddl-
ity has freguently beem used in ruminant mutrition and
by definitiom it imvelves the subjective assessment of
its food by the animal. Palatability will mot be
included in this review nor will the situatiom where the
animal can exercise preferemce. Thus voluntary inmtake
is defined as the amount of a specified food eatem during
a period of time when this food 15 offered gd 1ib.

Previcus work on ruminant intake regulatiom bas
been thoroughly reviewed by Blaxter (1950, 1958, 1962),
Kruger and Miller (1955), MEkels (1956), and Baleh and



Campling (1962).
mmmu-efmtﬁmm
rumimnts are similar (Habel, 1956; Bell, 1960;
Camlize and Titchen, 1960). Satiety and feeding centres
have been dammstrated in the Qypoumlsmns of ruminamnts
(laresan, 19543 Wyrwicka amd Dobrzecka, 1960). Iittle
work has been carried out on the semsory stimull
involved in the regulation of feeding in ruminants.
For the present review past work on ruminant
intake control has been divided into two main topics:
the reduction of rumen load theory and the chemostatic

thunutmdam_mnty
than of a poor quality roughage has been recognised for
many ysars (Wright, 1929; Huffwen, 1939; ILehmann,
1941; Blaxter, 1950, 1958; Crasemamm, 1953; Cramptom,
1957). This is the reverse of the situatiom in mono-
gastric animals which eat to a constant emergy intake
(Blaxter, Wainman and Wilson, 19613 Kieiber, 1961).

Iehmann (1941) recognised that the bulk of feed
consumed by ruminants must have some effect on intake
when he claimed that they eat to a constant ballast.
Ballast was defined as non-digestible organic matter
and according to this hypothesis animels would eat less
of a poor guality roughage which contained more ballast.
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Although Iehmamn's 2des was criticised by Fissmer
(19%1), Crammmmn (1953) and MEMe1E (1956), these
workers realised that some attribute of rumem "capacity”
was of importance in the regulation of roughage intake,
This was intake regulation in a piiyzical semse: the
"capacity” of the rumen grovided an upper limit.
D=1 (1956) has reviewed im detail the questiom of
bulk in ruminant matritiom.

The regulation of veluntary intake of roughages
has been the subject of dstallai investigatiom im recent
years by three main groups: BElaxter and his associates
in Scotland (Blaxter gt al., 195635 Hlaxter et al.,
1961; Blaxter and Wilson, 1962a, 1962b), Campling and
co-workers im England (Campling and Balech, 1961;
Campling gt al., 1961; Campling, Freer and Balech, 1962;
Freer, Campling and Balch, 19623 Freer and Campling,
1963; Campling, Freer and Baleh, 1963) and Cramptom's
group in Canada (Cremptem, 1957; Cramptom, Domefer and
Lloyd, 1960; Domefer, Lloyd and Crampten, 1963). Wnile
the approaches of these groups have been different they
have come to essentially the same comclusion; namely,
that the amount of roughage eaten is closely associated
uith the rate at which food is broken down in the rumen.
According to the above workers the volumtary imtake of
roughages by ruminants appears to be determined by
three factors:
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(1) The capacity of the rumen.

(82) The rate of break down of the feed.

(111) The rate of passage of digesta through the
digestive tract.

Aceaxding to this theory an animal would eat to the

repletion of its rumemn, and the time taken to reduce

rumen load to the paimt whare Bungar recurred would

depend on the rate of break down of the food and rate

of flow of digssta. The latter two variables would be

largely determimed by food quality, and om a high

quality roughage mumsn load would be reduced more

rapidly and the animal would be able to eat more

froguntly than on & lew quality roughags.

It fellows that any factor that would affect the
above three variadles would im turn influence the amount
of food 2aten. Thus the imtaks of low guality rough-
ages can be improved by the addition of mnitrogenous
compounds (Campling et al., 1962; Balch and Campling,
1962; Hemsley and Moir, 1963), certain minamls
(Blaxter, 1962), long chain fatty acids (Hemsley and
Moir, 1963) or yeast (Blaxter, 1962). These substances
would aid microbial digestion and speed the rate of
break down of the roughages. On the other hand sub-
stances which depress digestion such as antibiotics
cause reductioms in intake (Bell, Whitehair and Gallup,
1951; Oyaert, Quim and Clark, 1951). Purther, the
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griniing and pelleting of roughages increases intake by
reducing particle size and increasing the rate of
passage of digesta from the rumen (Balch and Campling,

1962; Campling ¢t gl., 19633 Minson, 1963).
It must be @amphaalzed that the above work was

carrisd ocut with roughages such as bay, chaff, and dried
gruss and there are many situations encountered with
ruminants where the rumen load theory does not seem to
apply. Depressed intakes have been reported on very
high guality diets such as concentrates (Veir, Mayer,
Garrett, Lofgreen and Ittner, 1959; DBreat, Richardson,
Tien and Menzies, 19013 Donefer et al., 19633 Freer
and Campling, 1963), and also on silages (Dodsworth and
Campbell, 1952; Sykes, Comverse and Moore, 1955;
Thomas, Moore, Olamoto and Sykes, 1961).

Iittle 1s knosn comseruing how factors imvolved
in the reduction of rumsn load signmal the nervous
system to regulate fowdigg. Anand (1961) stated that
the basic urge in feeding behaviour is "hunger". In
other words, it 1s "satiety” and not "hunger” that is
regulated. If this postulate is appliaxi to the present
considerations it would be the upper and mot the lower
limit to roughage intake that is regulated. The upper
1imit to roughage intake may be physical repletion of
the rumen and in this respect there are reports of
stretch receptors in the reticulo-rumen wall (see Bell,
19603 Comline and Titchem, 1960).
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(v) Chemostatic Theory
In ruminants, chemostatic regulation has been
suggested by Freer and Campling (1963) and Domefer
st al. (1963) to explain depressed intalms on concentrate
rations and Johns (1961) has considered it in relation
to the intake of ryegrass species.
Manning, Alexander, Krusgmr and Bogart (1959)
tested whether the glucostatic theory of Mayer (1953) |
was operative in rumirants by Amfusigg varying amounts
of glucose intravenously to sheep. They observed no |
intake depressions. Similar negative results were
obtained by Tribe and Gordon (1950) and by Dowden and ‘
Jacobson (1960). ‘
Alternative mstabolites would be the volatile
fatty acids (VFAs) which are adsarded frum the rumen in
large amounts. It is pertinent to discuss btriefly here
feed factors that influence the production of VPAs in
the rumen. The chemical or phyatcal mature of the feed
eaten can determine:
(1) The amount of VPAs produced.
(11) The proportions of imdividual VFAs produced.
(224) The rate of passage of digesta through the digest-
ive tract.
These factors are inter-related. Carbohydrate composition
of the feed plays a major role in determining the end-
products of ruminal fermentatiom. Strusturel carbohy-
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drates, such as hemicellulose and cellulose, are
degruded eslowly in the rumen and acetic acid is the
main fersentation product. Soluble carbohydrates, such
as sugars, starch and fructosan, are rapidly feremptexi
in the rumen with the formation of relatively mosre
propionic and dutyric acids than from structural carbo-
hydrates. Thus the higher proportion of solubls to
structural carbohydrate in the feed, the more rapid s
the fermentation and relatively higher proportions of
progiocaic and butyric acids are produced. This type of
effect can be mxiifiad by treatment of the feed by
cooking or grimiing to a ammll particle sise (see Johns,
1961; Minson, 1963). Grinding increases the rate of
passage of food particles from the rumsms; the soluble
carbohydrate is repidly fermented, but tho structursl
carbohydrate spemis lass time in the rumen and because
of this relatively more propianic and butyric acids
are produced.

Essig, Garrigus and Johnson (1962) fed mixtures
of VFAs and their salts to sheep and found a progressive
decrease in food intaks as the total emsumt ef acid in
the diet was increased. Additioms of VFAs and lactic
acid to either the food or into the rumems of dairy
heifers were found by Thomas ¢t al. (1961) to depress
intakes of hay or silage. The effects of intravenocus
infusions of various metabolites, including the VFAs,
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on the food intalms of identical twin cows were stwuiled
by Dasden amd Jacobson (1960). Only acetic amd propiomic
acids depressed intaks. The atgmificamse of this
propionic acid effect by intravenous infusion must be
questioned because of the low cameantretian of this
acid normally present in peripberul blood. A more
acceptable procedure would have been to imfuse the
acids into the rumen. This was done by Rook, Balsh and
Campling (1960) amd Rook, Balch, Campling and Fisher
(1963), who infused 3,500 ksal of acetis, propionic and
butyric acids inCGrerumimlly to heifers. Omnly acetis
caused a significant reduction in intake although amsll
depressions were obtaimsd with the other two acids.
Elaxter (1962) also reparted that intrurumima) infusians
of acetic acid can depress intake. Montgomery, Schultz
and Bamgardt (1963) infused acetic, propiomic, butyric
and lactic asids intraruminally to cows at dose rates
that were calculated to equal one balf of the 24 hr
production figures for the acids in the rumsn. Signifi-
cant reductions in the intake of hay were noted with
acetic and butyric acids but not with propionie or
lactic acids. Against the above evidemse, Holder (1963)
found that intravenocus infusions of acetate to sheep,
which resulted in higher than normal peost-prandial
blood acetate levels, did mot affect food intake.
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It 13 not suggested that the redugtion of rumen
load and chemostatic mechanisms are the only omes
regulating food intalke in ruminants. However there is
limited direst evidamce of other mechanismsthat might
be operating. There is indirect support for Brobeck's
(1948) thermostatic theory because it is recognised
that ruminants eat less at high and more at low ambient
tamperetures (Brody, 1945; Blaxter, 1962). Evidemce
for croglarymxmml regulation is limited (Balch and
Campling, 1962), Hormomal influences might be implicated,
e.g., Hutton (1963) has shown that lactating cows will
eat more than their dry idemtical twins.

e

The mmin interest of the preseat chapter is
whether the VFAs ahsardad from the rumen can cause a
chemostatic regulation of food intake. To understand
any role of the VFAs in intake regulation it is necessary
to consider their metabolic fate in the ruminant.

. .Wm.mu-asoum
absorbs materials with a heat of combustion of approx-
$mately 1,350 koal per 24 hr, a large proportion of this
" beimg as VPA (Blaxter, 1960). Carroll and Hungate (1954)



FIG.10O A SCHEME OF METABOLISM OF THE VOLATILE FATTY ACIDS
AND GLUCOSE IN RUMINANTS
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Table 32.. Sowe Characteristics of the Metabolism of the Volatile Fatty Aclds amd
Glucose in Sheep.. (References are Given in Parenthesés). .
Gharacéer:l.sti‘c Acetie Propionic Batyric Glucose

Amount Absorbed per Days:

100~150 g (347527 kecal)
(2, 3, 8, 13, 17s 21, 22, 37,
46) |

20-78 g (100-389 keal)

(8, 17, 21, 22, 30, 37)

16-61 g (6;:-36%. keal)
(17,. 21, 22, 30, 37)

5-20 g (19-T5 keal)
(8, 17, 43, u44)

Effect of Administration on
Blood Retones and Glucogenic -
Substances:

Ketogenic
{9, 10, 18, 24, 25, 29)

' Glucogenie
(8. 9, 10, 18, 25, 48)

Ketogente (10, 18, 25).

' ? Glucogenic (9, 14, 16, 18, |

Glucogen:.c-
(5, 6, 30)

Amcunt in Venous Blood:
(a) Juguler Vetin* . .
(v) Blood Draining Bumen

81-95% of VFA {1, 8, 41)
5?*95% of VFA (3, 25)

0-16% of VFA (1, 8, 41)
6-3%5 of VFA (8, 26)

25, 28, 29, 32, 38: 45:4?) ,

0=7% of VFA (8, 41)
0-10% of VFA (8, 26)

18-85 mz/100 mi (5, 8, 41)
- 48-78 mg/100 m1 (8, 43, 5&143

Mein Site of Metabolism:

A1l tissues' bralin and liver
1ess active. g
(1, 3, 29, 33, 34, 35, 45)

Bumen epithelium and liver i
(4, 8, 9, 25, 26, 29, 55, 36,

39, #5)

Rumen apithauum and liver
(95 19, 26, 29, 31, 35, 39}

A1l t.isaues
(30, 40)

1.8-3.2 mg/min/kg (5, 6, 27)

Utilization Rates (a) Fed 2,5-4,2 ,mg/inm/ng (2. 3, 6) | 2.8-3.7 mﬁnin/kg (%) - 0.5-0.7 mg/minfig (%)
| | 6.6-10.8 mg/minfig (20, 42) | N f_ N o |
(b) Pasted | 0.7-2.6 ng/min/kg (2, 3s 6) 0.7-0.9 ng/vin/iz (4) © mg/minfig (4) 1.2-1.5 mg/min/lg (5, 6, 27)

N 09-2.0¢ (20, i2) | 5.68. 8 (1)
Contritution to Total Oxtdat- o | -

ive Metabolism: (a) Fed 35-45% (3, 42) 22-30% (5)

o ~ (b) Fasted & (3) =198 (5)

Calorimetrie Efficiency of '
Utilization: \ o

{a) Maintenance (10) 59% 8% 84z o4z

(u) Ldpogenesis (11) 3% 56% 62%

Calorimetr.ic Efficieney of Ht:lnzation

of Mixtures of VFAs:

Propionic :Butyric (60:40)
AgeticsButyric

91%

{90:10) 65%

Miztures where acetic varied from

25-95% and the proporticn of

‘Propionic :.Butsﬂc was. constant at 332

(a) Metaterance (12}

{ approx. 85%

Aﬂeticzmto:loniczmmic (75:15:10)
Acetic :Propionic sButyric {25:45:30)

(5) Iipogenests (17
325
588

# Formic acid constitutes appmximteiy 10% of .jugu:lar venous VFA (1, 8)
~ Formate is mainly of endogenaus origin and only contributes about 0.1% to total oxidative metaboliam (1, 7).

Refeﬁnees , _
1. Amnison (1954) 13.. Armstrong st al. (1958) 25. Jarrett et al. (1952) 37. Pfander aud Phillipson (1953)
2, Anmison and Lindsay (1958) 14. Aash gt al. (1964) 26, Xiddle et al., (1951) 38. Potter (1952) .

3, " " " {1961) 15, Barcroft {1945) 27, Eronfeld and Stmesen {1961) 39. Pritchard and Tove (1960)
i, n ®om (4962) 16. Black et al, (1961) 28, EKronfeld et _al. {1959) 4o. Reid (1950a)

5. Amnison and White (1961) 17. Blaxter (1960) 29. Ieng and Amison (1963) . ™ (1950b) | |
6. & ® % (1962a) 18. Clark and Malam- (1956) 30. Lindsay (1859) 42, Sabine amd Johnsen (1961)
7. " " (1962v) 19. Davis et al. (1958) 31. MeCarthy ef al. (1958a) 43, Schambye (19512}

8. Annison et 21, (195T) 20. Essig et al. ""@51) 32. " (1958b) 4, " (19510)

g. " W {1963) 21. Gray st al. g) 33. MeClymont (1952) 45, shaw (1960)

10. Annstmng and Blaxter (1957a) 22, K s £l 34, MeClymont amd Setchelil (1956)  46. Sheppard (1959)

1o A b *  {195Tv) 23, He  35. Pennington (1952) 47. Simesen gt al. (1963)

12. Ammstrong et al. (1957) 24, 36. " (1954) 48, Smith and QOsborne-Bhite (196%1)
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and Baleh (1958) have estimated that up to 75% of the

eneryy requirements of cattle can be provided as VFA,

Soms of the metabolic characteristics of acetie,
sropiomnic, butyric acids and glucose are sommrized in
Table 32 and a aisplifiai dlagrem of their awtabnlis
relationships is pressxted in Fig. 10, Detailed reviews
of the subject have been given by Amnison and lewis
(1959), landsay (1959), Pearce (1960), Shaw (1960),
Kronfeld (1961) and Annison amd White (1961).

Of all the VPAs, acetic acid comes closest to
fulfilling the thsuretisal requiremems of an intake
regulating mstadalite becauses
(a) It 13 the only VFA present in significant amounts

in blood leaving the liver (Beid, 1950d; Amnison,
1954; Annison, Hill and Lewis, 1957);

(b) It 1s the only VFA that shows appreciable arterio-
vencus differences after feeding (Reid, 1950b3
Annison gt al., 1957);

(e) It is the largest single emergy source in ruminants:
the sheep derives at least 35 to 45f of its emergy
from the oxidation of acetate (Amnison and Iindsay,
19613 Sabine and Johmsom, 1961); and

(d) Acetic acid is the main precursor of acetyl coenzyme
A, a substance that occupies a key position in the
metabolism of the VPAs (Fig. 10).

The position occupled by acetyl coemsyme A in the
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intarwxilary metadolism of the VPAs makes 4t capable of

being a astabolis pacemaker (Krebs and Earmderg, 1957).

Under normal conditions ketone body formation does not

seem significant and there appear to be three stages

at which acetate metabolism can be limiteds

(a) The formmtiom of scetyl coenzyme A from acetic acid,
vhish is dependent om a supply of ATP and coenzyme A.

(b) The combination of acetyl coenzyme A and oxalo-
acetate. This is the pathway by which acetyl
coenzyme A enters the Citric Asid cycle, and the
amount entering depexxis omn a supply of oxaloacetate
which must come from sourcves other tham acetate.

(¢) The synthesis of fat from acetyl units which requires
sedused pyFimidire and flavine nmucleotides as
coenzymes as well as glycwruphaspimtes.

A1l the above steps are dependemt on some aspect of

carbohiydrate metadolimm,

Further, acetate metadaliss 1¢ closely related
to plane of mutrition (Reid, 19583 Jarrett and PLAmm)1,
1960; Amnison and Lindsay, 1961) amd to carbohydrate
mtabclise (Jarrett and Potter, 19503 Jarrett, Potter
and Pllsell, 19523 Reid, 1958; Jarrett and Filsell,
1961; Amnison and Idndsay, 1961; Annison and White,
1962a; Annison, leng, Limisay and White, 1963).

There 1s thus a large volume of theoretical and
experimental evidence to support a close relationship or



even dependence of acetate metabolism on carbohydrate
metabolism. Mamning gt al. (1959) argued against
acetic acid as regulatory metabolite om the grounds
that 1t cannot supply the glucogenic substances that
are essential to its ocwn metabolism. This objection
may be overcome by the evidemce that acetate metabolism
1s repid as long as an adequate supply of carbohydrate
is available.

In the experiments to be described the effects
of intreruminal infusions of various dose rates of
acetic, propionic and to a lesser extent lmtyris acids
on the food intake of sheep om high and lew planes of
mtrition vere stuzitad. It was hoped to put the reperted
regulatory effect of asetic asid om a firmer experimental
basis.



Disposition of the Sheep During the
Infusion Experiments

Fig. 11.
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The sheep used in all exprimsnts were adult
Romney Marsh crusstmred wethers prepared with permmnent
rumen fistulas by the technique of Jarrett (1948).
The animmls were housed individually in metabolism
crates (FPig. 11) and had free access to a mineralized
salt lick thiroghaat the exparimmnts.

Four diets were used in the exparimgmts: two
Conceantrutes and two Chaffs., Comcentrates | and 2 were
ground aml pelleted mixtures of peameal, lucerne msal
and barley msal, while doth Chaffs were made from red
clover hay. The chemical compositions of the diets are
shown in Table 33. The main differences between the
Concentrates and Chaffs were that the Concemtrates
contained more soluble polysaccharide while the Chaffs
were higher in lignin and cellulose. Chaff 1 was lom
in crude protein but provided the sheep with protein in
axvess of mintermnce reghiremsmuts (Evans, 1960).

In an attempt to characterize the four feeds in
terms of their setadolism im the rumsm, digmstikdlity
and VFA production were measured im two sheep omn each
feed., A cavemtiam) digestibility trzial with 5 days
of faeccal colleotiam was conducted following the proced-
ures ocutlined in Chapter 2. Samples of rumen liguor
for VFA determinations were collected O, 1.5, 3, 6, 12
and 24 hr after feeding. The proportions of individual



Fig.12 Diagram Showing Intraruminal Infusion
Apparatus
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VFAs in the 6 hr samplos were amalyzed by the method
given 4in Chapter 2.

Zofusion Apparatus
All intreruwimm) infusians were carriad out with

the gruvity feed system shown diagrammtically in

Fig. 12. A 6 1itre polythens reserveir (a) greduated
with 500 al divisioms was pesitiomn 10 ft adbove the
animal to minimize differencss in flow mte due to
changes in the head of liguid when the sheep were stand-
ing or lying. Polythene tubing passed fram the reser-
voir to a aimple glass on-off tap (b) and then to a
flow regulator (c). The latter was either a polythene
psedle valve oF an adjustable metal clamp. Below the
regulator was a giass drop counter (d) fitted with a
side-arm which terminated in a simple ball valve. From
the drop-counter the palythems tubing passed through
the cannula (e) and ended with a rubdber bumsen valve
(£), which eliminated back pressure from the rumem. At
the begimning of each infusien the apparatus was commected
to the animal and themn completely filled from the
reservoir, mmﬂnumwmm
used to partially empty the counter so that the flow
could be seen and regulated., With this apparatus it was
possible to maintain a steady flow inte the rumen over
the 6 hr infusion period.



Daily Routine
The sheep were truinsd to consume their daily

food over a periad of 6 hr startizg at 10.00 A, The
amount of fouod affered to each sheep was aalsulated
as its pre<wxgarimsutal intake plus 15%.

Infusions of VPAs were started 1 hr prior to
feeding in axdar to rmise the rumen VFA cancentraticn
at feuding to agyrurimmtely that ooewmlly fouwrxl 1 hr
aftsr food was afferwi. Thus it was hoped that Af the
infusiaon had any effect on food intake, it would slow
down the rate of eating in the first hr, PFood intake
was therefore measured after 1 amd 6 hr. The dally
routine in all experiments was as followss

9.00 AN Start infusion

10.00 AN Start fewiigg

11.00 AR Veigh feed

3.00 P Stop infusion

53.00 PH  Stop feeding and weigh refusal

Psychic factors can have a mariked influence on
food intake so the animals were disturbed as little as
possible during the experiments.

Desien of Individual Experiments

A series of preliminmary trials showed thats

1. The sheep drank approximately 3 litres of water
during the day when on the axpmrimmmtal diets.
2, Infusions of 5 litres of water into the rumm had



no effest on food imtale. Thus all doses were made
up to 3 1litres with water. Drinking water was
removed for the infusion period but replaced over
night.

3. Intreruminal infusions of 400 koal of acetie,
propionic and butyric ecids all caused deopreadiam
4in daily intake. Below this deose rate effects
were variable.

4. During such infusions rumen pH was not grossly
abnormal.

Using this preliminary work as a gulde, four
experiments were carried out.

Experiment 1

Two sheep, GB and C, were fed on Concentrate 1
and subjected to intraruminal infusions as outlined

- belows

Infusion Period (3 days)
Sheep| 1 2 3 &4 5 [

GB |Vater | Propionic | Water | Butyric Water | Acetie
C |Water | Asetiec Yater | Propiomnic | Water | Butyric

400 koal of each acid (1.91 moles acetic, 1.09 moles
propionic, 0.76 moles butyric) were infused each treat-
ment day in three litres of water. Amstrong and
Hlaxter (1957a) and Rook gt al. (1963) found that
infusions of this magnitude caused no apparent abnormal-
ities in sheep.
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Blood ketone and carbon dioxide concentrations
and rumen pHs were determined each day to check the
physiological normality of the animals. Samples of

blood were collected from the jugular vein at 11,00 AN,
Rumen liguor samples were collected at 9.00 AN,

11,00 AN, 1,00 PM and 4,00 PM.

Experiment 2

Propionic acid was chosen for Expefimmm 2
because of its imown glusqgmuis charectsristiss. The
experiment was designed to stuly the amoumt of propionie
acid required to produce a significant depression of
intake and to asaartain the repeatability of any such
effect. Four sheep were used; L and GB on Concentrute
1and BR and C on Caff 1. The dailly routine was the
same as for the first experiment except that blood and
rumen sampling were omitted because the procedures
involved upset the animals. The sheep received intre-
runinal infusions of water and acid on altermate dayst:
the basic plan was to start with three infusiam of
100 keal and to fissrease this by steps of 100 keal
every 6 days until a depression in intake was obtained.
There were some minor alterations to this plan as will
be seen in the results.

Throughout Experiment 2 time was lost by animals
losing their cammulae. This was minimized by lining
the left side of each crate with a plate of galvanized
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iron. The sheep was removed from the experiment, when
a cannula was lost, and was not returoad until 41t bhad
regained its previous intake level and bhad emintairmd
this for several days.
Experiment O

This experiment was similar in design to Experi-
mnt 2 but acetic asid was used instead of proplonic
acid. Doss rates were reandomized and a recovery pericd
allowed between each dose rate to avodd cumlative
effects such as experienced in Experiment 2. Four
sheep were used in this experiment: BER and BB on Con-
centrate 2 and C and HN on Chaff 1.

After the acetic acid treatmemnts had finished
300 keal of each of the VFAs was fixfusad in the arder

shoun in Fig. 16. uater was infused every altermats
day, Blood samples were collected from the jJugular
veins each day at 4.00 PN for ketone and carbon diexide
determinations.

Experiment 4

The first aim of Experiment 4 was to test whether
intravencus infusions of glucose would cause depressions
of food intalke similar to those caused by propionic
acid infusion in animals on a low plane of mutrition.
Unfortumately Chaff 2 was of comsiderably higher
mtritive value than Chaff 1 (Tables 34 and 35) and
the proposed compariseom was not possible. It was
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decided to carry on however to see if intravenous

glucose iafusians would influence the intake of Comsen-

trute 2 anxd Chaff 2, and to examine the effects of

intravenous gluccse, or intraruminal propionic acid

infusions, on blood glucose concentrations of animmls
on the two diets.

Three sheep were used in Experiment 4: BR and
EB on Concentrate 2 and C on Chaff 2. At the start
B was included on the Chaff ration but subssqmntly
had to be removed because of an infeotiam.

Experiment 4 was divided into three periocdss
1. Intraruminal fafuatans of 300 kcal of propionic

acid and water were alternated for 4 days.

2. Intravenous infusions of glucose were altermated
with intravenous infusioms of physioclogical saline
for 6 days.

3. Period 1 was repeated with 1 day of propionic acid
and 1 day of water contreol.

Intravenous canmulae for the glucose infusions
were inserted as follows. The sheep were immobilized
with an intravenocus injection of 5% sodium thiopentone.
A 15 am length of 1 mm diameter polythene canmula
(Sterivae, Size 2, Allem and Hamburys Ltd., Lendon)
was introduced into ome jugular vein through a bleeding
needle and the 2 om left protruding from the vein was
sutured to the antmals' skin., These canmulae were
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filled with 'wpmerintzad saline (1000 IU/ml) and closed
with palythers stoppers. Two days were allowed for
post-operative recovery. The intravenous infusion
apparatus was essentially the same as for intraruminal
infusions except that the polytheme reservoir was
replaced by a 1 litre Abbot bottle (Abbot laboratories,
N.Z., I£d.). All intravencus infusioms were of 6 hr
duration and coincided with the feeding peried. The
dose of glucose was 1 g per kg of body weight made up
to 1 litre with starils physiological saline and this
uas infused on 3 days with 1 litre of sterile salime On
alternate days as a control. At the begimning ef eash
infusion the jugular canmilac vere washod cut with saline
and the infusion apparatus commected. When the Anfusien
was ended the canmulae were re-filled with heparinized
saline and stoppered. Blood was sampled for glucose
deterximtions from the non-canmulated jugular vein at

9.00 AM (before feeding), 12.00 moom and 4.00 PN during
each of the treatment pericds.

Amalytical Nethods

1. Peed Analvsis

The Comcentrates and Chaffs were amalyzed for
carbohydrates and lignin by the method of Bailey (1964).
Details of this method have been givenm in Chapter 2.
Vater soluble polysaccharide and pectin fractions were
combined and named seluble polysaccharide as the former
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was incospletely extrusted, as Anxiicated by the detect-
ion of stareh with iodine in the pectin fraction.

Hitrogen analyses were carviad out by the
Kjeldahl method (Humphries, 1956) using a selenium-
potassium sulphate catalyst. Crude protein was obtaimed
by multiplying the nitrogem percentage by 6.25.

2. Yeolatlle Fatty Acids

These were determined by the procedure ocutlined
in Chapter 2.

3. Hloed angplyses

Blood for ketone and carbon dioxide determima-
tions was collected from the juygular vein and stored
under liquid paraffin in axalated esmpls tubes. All
blood determinations were made within 24 hr of asmpling.

Bload cardbam dioxide cantent (volume %) was
determined by the Van Slyke sanmetyric method (Milton
and Waters, 1949),

Blood ketones were estimated as total acetome
bodies after axidstiom with acid dichromate by the
method ef Thin and Bobmrtaan (1952) as ememted by
Armotrong and Blaxter (1957a). This method under-
estimates A-hydrexybutyric acid, which is an important
component of total blood ketomes (Ieng and Amnison,
1963), by appreximately 40f (Thin and Robertsen, 1952).
For this reason data on blood ketomes presemted im this
chapter are intended for comparative purposes only.
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Elood glucose was determined by the method of
Samogyt (1945, 1952) using the colour reagent of Nelson
(1984), The nload was deproteinized immediately after
easpling and the protein-free suparmatant frozem until
analyzed,
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Table 34.

Data are Neoans from Two Sheep).

A Comparison of the Nutritive Values of the Diets (All

VPA Proportions (%)

T

st- PA
Diet g m/100
(8 of DW)| 1) fpsette| Propronte| Butyrie [BAGHOF| \oeess (Proponts | Butyrae| Higher
Gomeen=| T4 | 1380 |50.2| 22.2 | 19.3 | 8.3 | 6.928( 3.068 | 2.663 | 1.145
cmu'a 81.6 18.42 | 473 25.1 25.0 | 2.6 | 8.73| 4.623 | 4.605 | 0.479
w 1 290“ 90“ ﬁ.ﬂ 1'07 601 - 705” 10”’ °.m L2
Chaff 2 67.9 | 17.11 [ 70.8| 17.2 | 12,0 - |12.1%] 284 | 2.053| -




Table 35. Idve Weight Changes of Sheep During the
Experiments
Iive Yeight Gain (kgAisek)
Expt No. Dist
Sheep | Gain | Sheep | Gain
1 Concentrate 1 (] 0.796 GB 1.307
Concentrate 1 L 0.796| @B | 0.455
2
Charyt 1 Cc -0.568 BR | -0.606
Concentrate 2 BR 1.121 BB 0.212
>3
Chatt 1 c 0,607 | B | =0.545
Concentrate 2 BR 0.950 BB 1.322
4 :
chase 2 C 1.075
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Sharacterdzation of the Diets
Chaff 1 was a relatively poar qumlity diet as

1s indicated by its fermentation pattern in the rumen
(F2g. 13, Tabdble 34) amd 2ts low digestibility. The
fermentation of both Comcentrates produced high
proportions and concentrations of propionic and butyric
asids in the rumen, and low proportions of acetie aecid
compared to the Chaff dists. Very low concentratiomns
of propionic and butyris acids accumilated in the rumens
of sheep fed Cioaff 1.

Iive weight gains of sheep im the variocus
memssssis are pressvtal {in Table 35, Losses always
occcurred on the (haff 1 diet while gains were pruiused
on the other three rations. This result complements
those on digestibility and VFA produstion presented
above, and agphasises that both Comcentrates and Chaff
2 were gmoductive dists while Chaff 1 was a sub mainten-
ance ratiom.

EXPerlSEEE ' aoads on the Intake of the Comsentyate 1
Diet
Food intakes during the experiment are presented
in Table 36 and Fig. 4. Effects on first hour intakes
were variable but dailyintalkes were depressed by all
treatments. The order of depression appeared to bes



Intakes (gDM)

Dailly Food

And

First Hour

Fig.14

Effects Of

Intraruminal

Butyric Aclds On The
First Hour

1400

1000

1800

1400

1000

600

200

Water

Intakes )

Intake

Infusions Of 400 kcal

Of Concentrate 1

1

Water

Propionic

Water

Of Acetic, Propionic And
(Shaded Areas Indicate

4

5 6
Acetic

7 8
Water

Butyric Water Acetic
10711 1213 14 15 |16 17 18
Propionic Water Butyric

Sheep

Days

Sheep
GB

Days



Table 36, Effest of Intruraliam) Infusions of 400 kecal
of Acetic, Propionic and Butyric Acids on
Food Intake in Experiment 1.

Sheep Infusion (e mn = 3;
First Hour

GB Vater 590 1725
Acetie 350 870
Water 470 1355
Propionic 590 1260
Water 450 1530
Butyrio 440 1090
c Water TS5 1510
Propionic 615 1170
Bater T10 1520
Butyrio 659 1045
Water G55 1530
Acetie 485 890




Table 37. Effect of Intraruminal Infusions of 400 kual of Acetic, Propionic and Butyrie Acids on Elood
Eetomes, Blood Carbem Diexide, and the pH and VFA Comcentration of Rumen Idquor in
Experiment 1 (n = 3)
] T e of VPAs |
Concentration
Sheep | Infusten E‘u::? R Diexide awionl ' Rumen ldguor (w100 ml)
ml Eloed) %) 9.nu|n.wu 1,00 PN |4.00 P | 9.00 AM | 19,00 AN | 1.00 PM | 4,00 PN

Water 4.05 47.76 7.00 6.12 5.63 5.63 8.37 6.62 7.80 | 12,28
Acetic 591 44,16 7.2 577 5.0 5.70 .90 11.12 10,68 10.27
Water 3.96 50.73 6.98 6.02 5.8 5.42 3.5 9.97 11.06 3.7
Propionic 4.37 48.45 7.00 547 5.43 5.42 5,58 | 11.64 12,42 1.7
Hater 4.03 47.33 6.74 5.80 5.67 5.20 5.42 | 10.33 12,45 | 15.02
mwf.u 6.07 83,77 7.00 5.48 5.43 5.18 u.Es__ 11.50 12,23 | .39
Vater 4,92 31,26 6.68 557 5.0 5J2 SR 12.25 13.65 14.65
Propionic §.83 42.29 6.77 5.45 54T 5.47 595 12,24 13.59 13.12
Water .7 42,59 6.72 553 5.40 5.30 4.95 12.14 13.28 14,63
Butyric 6.01 39.09 6.75 5.43 5.43 5.53 5.95 | 12.69 12,99 | 13.¥4
Water 4,64 45 .03 6.77 557 5.48 5.26 5.53 11.54 13.02 14,40
Acetic 4.38 47.33 6.60 5.28 5.15 4.3 6.21 14,55 .20 | 19.64




Tahle 38, Effect of Intrerumimal Infusians of 400
kal of Acetis, Propiamis and Butyris Acids
on the Propoxrtiams of VFAs in Rumen Iiquar
in Expartmnat 1 (Samples Analysed Fram
Secani Day of Each Infusion Period at 4 PX)

Proportions of VFAs in Rumen
Sheep | Infusion Ldquor (%)

' Acetic Propionic BRityric
GB Water 5.2 29.7 17.1
Acetie 81.8 9.8 8.4

Hater 55.0 22.8 2.2
Propionic 45.5 38.2 16.3

Wadveyr 47.0 25.5 27.5
Butyrie 34.8 21.1 44 .1

c Water 47.2 25.0 27.8
Propionic 35.8 89.4 4.8

¥ater 47.5 273 255
Butyris 33.0 21.6 45.4

Vater 41.3 24.6 h.1
Acetic 61.0 15.4 3.6
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agetiec > butyric > propionic.

Blood ketone and carbon dioxide comcentrations
together with mean daily rumen liguor pis amd VPA
concentrations are presemted in Table 37. Infusions
of butyric acid caused a rise im blood ketones and a
depression im blood carbomn dioxide content. The other
acids had variable effects. Rumen pHs were slightly
lower and total rumen VFAs higher at 11,00 AN on treatment
days. Thus no marked abnormalities were detected after
the addition of 400 kcal of VFPAs to the rumem using this
infusion procedure,

The effect of intraruminal infusions of each
acid on the proportions of VFAs found in the rumen are
set out in Table 38. The infusions changed VFA
proportions in favour of the acid imfused, There
appeared to be a carry-over after the infusion of butyric
acid to sheep C,

Two different types of effect were produced in
this experiment and it is necessary to define them.
A statistical comparisen was made within each dose
rate of the results of the three treatment days against
these of the three water infusion days preceding each
of them. 7This was conaidered a mesasure of ghort-term
intake regulation. On the Comcentrate 1 diet there
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Table 39.

Effect of Intraruminal Infusions of Fropionic

Acid (HPr) on the Food Intake of Sheep in
Experiment 2 (n = 2)

( 3 S.5.9)
et torvaton [ LaBl
First Hour

Concentrate 1 | Water 612 ¢ 40 1512 ¢ 30
100 kel BPr | 615 ¢ 40 | 1440 ¢ 30

Hater 555 ¢ 30 1272 ¢ &5

200 keal BPP | 564 ¢ 30 1257 ¢ &5

Water 490 ¢ 50 1130 ¢ 52

300 keal HPr | 427 ¢ 30 1087 ¢ 52

vater (V) 623 $43 (1263 ¢+ T3

400 keal HPp | SN7 ¢ 43 1020 ¢ T3

Caafe 1 Water 269 ¢ 12 847 ¢ 25
100 koal HPr | 248 ¢ 12 797 ¢ 25

Vater 2355 ¢ 9 8T ¢ 35

200 koal HPr | 295 ¢ 9 * | 890 ¢ 35

vater 280 g 17 850 ¢ 28

300 kecal HPr | 205 ¢ 17 * 597 ¢ 28see

* p< 005

ses P < 0,001
(V) mose results are from sheep L only
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were no significant short-term depressions of either
the first hour or dally intaloss even though 300 and
400 inal depressed intake (Tadle 39, Pig. 15).
However, as the dose rete of propionic acid was
increased there was a progressive decrease of both
control and treatamst daily intakss (P < .01). This
trend was followed by the first hour intake although
1t was not statistically mignifiocant. This gummlative
effect of propiomic acid on the Concentrate 1 diet
can be seen clearly in Fig. 15. To check whether
this effect was really cumilative, or just a raniom
effect, propionic acid infusicns to sheep GB were
ceased on 7 August 1962 and water alone was continued
for 9 days. Daily imtalm issreased gtepwise for 4
days and then remained comstant at a level similar
to that at the begimming of the experiment (Fig. 15).
On the Chaff 1 diet 300 keal of propiomic acid
caused a significant short-term reductiom in both
first hour and daily intakes (Table 39). Two hundred
kzal of propionic acid caused an inerease in both
datly (P > .05) and first hour (P < .05) imtakms.

The results of this experiment are presented
in Fig. 16 and Table 40, Significant short-term
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Table 40,

Effect of Intvaruminal Infusions of Acetic

Acid (HAc) on the Food Intake of Sheep in
Expertment 3 (n = 2)

et P< 0.001

) m(raﬂs.l.u)
Diet Infusion <o S
Fivst Hour Daily
Concentrate 2 | Water 636 ¢ 37 127 & 37
100 keal HAc | 672 ¢ OT | 1165 ¢ 37
Water ST e | 1276 ¢35
200 ical HAe | 688 ¢ 27 1080 ¢ 35 *
vater 653 62 | 1186 ¢ 33
300 oal Hae | 678 ¢ 62 896 ¢ S>nes
Chaff 1 ¥ater 320 ¢ 20 M 7
100 koal Hie | 321 3 20 950 ¢ 37
Water 350 ¢ 22 1039 20
200 koal HAc | D11 ¢ 22 858 ¢ 20%es
Water 391 ¢ 18 1100 ¢ 44
300 koal HAc | 358 ¢ 18 TST ¢ 44 o+
s 2<0.05
e P < 0,01



€ Juowgaedxy UF OPPNOTQ UOGATD PUT SOUOJOY
POOTH BO SVIA JO SUOTSTJUL TUITENIBIIUY JO J0837%

*iy orams

.] alades e ae e Y P LT T it
1g° i 15°% 95°9 Ly*s 29° Y 96°9% | GO°Sh 8n*on - - o
76°8 9Ly 708 96°s €6°of 6°ly | 85 oY & | ~uenop
80°S i12*s 0n's 91°8 09°try L LL°8Y 20° 6% M
1€°9 G ol*y 6S°e WA €0° 64 ov°ly 62°gy o t 3OO
}i v
opatyng | oyuordong | ovasoy | (S " B) | ovassng | oywordeas | ovasey | L S€° B)
B R i e L e o i i%




Intake As A °b Of Control Intake

Treatment

100

S0

80

70

Fig17 A Comparison Of The Effects Of Infusions Of
Acetic And Propionic Acids On Food Intake

Acetic Acid
Propionic Acid x

Chaff —
Concentrate—--—

O

100 200 300
Dose Rate (kcal)



- 119 -

depreasians of food intake were caused on the Concentrate
2 diet by 200 ksal (P < .05) amd 300 Mzal (P < .001)

of acetic acid. Significant short-term depressions

of Chaff 1 intake were caused by infusions of acetic
acdd at the 200 keal (P < .001) and 300 kpal (P < .O1)
dose rates. No cumlative effects on food intake were
produced.,

The effects of 300 keal of acetic, propliamis and
butyric acidas on blood ketane and blood carbon diaxide
comentrations are shown in Tadle 41. The infusions
had no consistent effect on blood carbomn diexide comtent,
The effects on the comcentrutions of blood ketones were
in line with those reportad in the literasture: acetis
and Butyric acids were kstogenic whils propionic acid
was antiketogenie. Blood ketone comcentrations uwere
higher on the Comsentrute 2 than Chaff 1 diet after
water infusions.

Several infusioms of 300 keal of propionic acid
were carried out on the Chaff 1 diet (FPig. 16) and these
confirmed the results of Experiment 2,

The results of Experiments 2 and 5 have been
expressed in a different mammer in Fig. 17. Daily treat-
wtoodm“m@uum¢
cantrol intake for ecach dose rete. Two distinet effects
were seen: an acid effect and a diet or plane of
mitrition effect. There were straight line relationships



Table 42.

Effect of Intravenous Imnfusions of Glucose

on the Food Intake of Sheep in Experiment

4

RS

Sheep Diet Infusion*
First Hour Datly
BR | Camsutrete 2| Saline 530 + 48 (1230 ¢ 67
Glucose | 566 ¢ 48 (1279 ¢ 67
BB Cancentrate 2 | Salins 344 4 48 857 ¢ 67
Glucose 425 ¢ 48 (1012 § 67
c Chart 2 Saline 442 + 24 (1195 ¢ 67
Glucose | 486 ¢ 24 [1278 & 67

* Dose rate of glucose was 1 g per kg body weight




Table 43. Effect of Intrarumingl Infusions of Propionic Acid and Intravencus Infusions of
Glucose on Blood Glucose Comcentration (mg/100 ml Blood) and Food Imtake in
Experiment 4

Sampling Time ' Datly Pood

Concentrate 2 | Propionic 1r| 34.5 3.0 32.5 1138

Saline v 353 35.0 5 111
Vater ir 3.1 37.7 ZZ.) 1é iv = LEtrevenois
Propiaxio ir 30.0 51.3 «0 1
Comcentrete 2 | Propionic ir o 48.0 43.9 %24 All glucose deses were of 1 g per
Water ir §°° 47.8 39.5 17 kg body weight.
Glucose i.: .‘;‘ zg.c :g %oz
Saline 2 ,,,:3 g 1529 A1l propionic acid doses were of
59.0 “391 9’7 m imal.
Coaff 2 0 43.0 1
s | Ay | oo
46.5 22:5 836
§7.5 S 1135
80.0 ii:z 1150
3| B3| u
141 §1.0 12
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with acetic acid infuaians on both diets: as the
dose rate was raised the intake lsvel was depressed.
Intake was depressed more on the Chaff 1 than Cancen-
trate 2 diet. Propionic acid had a different effect
on food intake: omn both dists 200 kcal caused a
small stimulation while 300 keal caused a depression
which was dramatic on Chaff 1. This suggested a
threshold for propionic acid around 200 kcal. Animmls
an the low plane Chaff 1 diet were more sensitive to
infusions of acetic and propionic acids than those on
the Concentrate ratioms.

The effeets of intravenous infusions of glucose
on the intake of Concentrate 2 and Chaff 2 are
presantsd im Table 42, There were no statistically
algpnifisant effects, yet glucose infusions stimulated
both the first hour and daily food intakse on both diets.

Bloed glucose concentrations dwring propionic
acid and glucose infusions are presemted in Table 43.
The effects of imtraruminal infusions of 300 keal of
propionic acid were variable. There were rises in
blood glucose comcentration in sheep on both diets
during intravenous infusions of glucose., Blood glucose
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concentrations did not seem to correlate with food
intakss (Table 43).



DISCUSSION

The possibility that absorbed VFAs can act
chemostatically to aigmal satiety in sheep bas deen
investigated in this chapter. The results presented
support the published reports of intake depressions
caused by acetic acid (Dowdem and Jacobsom, 1960;
Rook gt al., 1960, 1963; Blaxter, 1962; HMNontgomery
et al., 1963) but do mot agree with Holder (1963).
Decreased intakes were also caused by smfusians of
propionic acid, a finding that supports Dowdem and
Jacobson (1960) but mot Rook gt al. (1960, 1963) or
Montgomery et al. (1963). The results also agree with
the depressions of intake found with butyric acid by
Montgomery gt al. (1963).

The hypothesis that satisty im sheep can be
influenced by the amount of acetate absorbed from the
rumen will be comsidered. The rate of acetate metabolism
in sheep appears to be related to two things:

1. Flape of Nutrition

Acetate metabolism is more rapid An sheep on a
high plane of nutrition than in those which are om a
low plane or have been starved (Jarrett and Potter,
19503 Jarrett gt al., 1952; Reid, 1958; Jarrett and
Filsell, 1960, 19613 Amnison and Iindsay, 1961).

2. Carbohvirate Metabolism

Jarrett and Potter (1950), Jarrett gt al. (1952),
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Beid (1958) amd Jarrett and Filsell (1960, 1961) all
suggested that thsre 18 a close relationship between
the mstabolism of carbohydrate and that of acetase in
sheep. Recently Annison and Iindsay (1961) found that
acetate utilization rate could be decreased by intra-
venous infusions of insulin or inereased by intravenous
iaNusians of xderate ampunts of glucose. Ammison

et al. (1963) infused c'“-lavelled VFAs into the
portal veins of sheep that had been starved om the
experimental day. They found that blood asetate camcen~
trations were dspressed by infusions of propionic aecid
and suggested that propiomate either inhibits endogen-
ous acetate productiom or inereases the rate of removal
of acetate from the dloud. There is thus a large
volume of evidemme to suppart a relationship between
the rates of carbohydrate and acetate metabolism.
Jarrett and Filsell (1961) suggested that a supply of
available carbohydrate aids the utilization of acetate
possibly by supplying oxaloacetate for the Citric Acid
cycle. If an acetats load were imposai, those animals
on a high plane of mutritition or with a large amount
of available carbohydrate should be able to cope more
afTigisr?ly with the extra acetate. In the present work
large amounts of the glucogenic propionic acid (Table
34), and presumbly resulted inm a high glucose turnover
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in the animml. Ganversaly, fermentation of Chaff 1
produced large amounts of ascetis acid and 1ittle
 propionic acid, which would indicate a low glusose
turnover in the Chaff-fed amismls. Therefore, animals
on the Campenmtrude rations should have been ables to
cope with an acetate load more efficiamvly than those
on the Chaff 1 diet. This is apparently what happeneds
the effect of acetic acid infusions on food intake was
more pronounced on the Chaff 1 than on the Comcentrate
2 retion (Pig. 17). Thus it appeare that satisty can
be related to the amount of asetate circulating in
the bloed.
Explanation of the propionic acid effects on
food intake in terwms of am interaction of carbohydrate
and asetate metabolismm does mot satisafy the results.
Anismls on the Chaff 1 diet had available from mumen
fermentation adequate socetate but smmll amounts of
propionate and butyrate. If oxaloacetate was ia short
supply for condensation with acetyl coenzyme A for
subsequent entry into the Citric Acid cyecle, then
acetate should accumilate as ketome bedies, particularly
as the animals on Chaff 1 were losing weight. But bleeod
ketones were not high in animals on the Chaff 1 diet.
Amnison gt al. (1963) showed that intravemous tufusicns
of propionic acid can depress blood acetate amd
Armstrong ¢t al. (1957) found that the addition of



- 125 -

propionic acid to the rumens of fastad sheep increased

the efficiency of utiltmtion of acetate by the amimals.

These ochamrvatians suggest that the propionic acid

imfusiaes to sheep on Caff 1 should have reduced the

amount of acetate circulating in the blood and thus
increased food intalke. In this respect three observations
from the present cxperiments are of interest:

1. Two hundred koal of propionic acid caused a aignifi-
cant insrease (P < .05) in the first houwr intakes
of sheep on Chaff 1 im Experiment 2 (Table 39).

2. Infusions of 200 keal of propionic acid caused
amall increases ia the daily food tntaks of sheep on
both Chaff 1 and Concentrate ! in Experiment 2
(rag. 17).

5. Intravenocus infusions of glucose caused small
irsreases of food intake 4in 21l cases in Exparissymt
4 (Tadble 42).

There would appear to be a threshold level for
propionic acid, partisnlarly on the Chaff 1 diet,
betuween 200 and 300 keal (Fig. 15, Fig. 17). Beyond
200 keal, infusioms of propionic acid caused marked
depressions in the intake of Chaff 1. It ecould be postu-
lated that abnormally high consentrations of propiomate
in peripheral blood depress foed imtake. In a starved
animal, such as found em Chaff 1, the ability of the
liver to metabalizs VFAs, gartisularly prepienis acid,



1s depressed (leng and Ammison, 1963) and under these
conditions infusions of propionic acid could have
produced abmormally high concentrations of propiomate
4n blood leaving the liver. If the depressiom of
intake caused by 300 keal of propionic acid on Chaff 1
was due to increased concemtrations of blood propion-
ate, them the depression was psotably similar to that
found by Dowden and Jacobson (1960) with Amtrevencus
infusion of propionic aecid.

Propionic acid infusions to the rumBms of sheep
on the Casamrate 1 diet apgmrently had a cumlative
effect on food intake (Fig. 15, Table 39). This
effest could also be explatrmexd by postulating that
elsvated concentrations of propionate in puriphmral
bload cansed an intaks depression. lIarge amounts of
gropianis acid were produced fram the fearsmmtatiaon of
Concentrate 1 and intraruminal infusions of additiomal
propionic acid eould have placed a struim om the
ability of the liver to swtadalizs grupiamte. leng
and Amnison (1963) showed 45 yitye that the oxidation
of propiamts and its incarpurutien into glucose by
1tver slices fram fed sheep Aimpreassd with propionate
concentration up to a maximum of about 6 mM. Above
this concentration there was a plateau in oxidation
rete and additiomal propiomate had no effect. This
evidence suggests that the liver of fed sheep can omly



cope with a certain amount of propionate and adove this
amount additional propicmmte could escape to pwripheraul
eirculatéon.

Batyrisc acid was mot stulied in detall because
the pathways of its mstabolimm are not fully understood
and because the intraruminal infusion of butyris asid
results in high blood ketone comcentrations. However,
depressions of food intake were caused by infusions eof
butyric acid in Experiments 1 and 5. It 45 not kmoun
if blood ketones per se depress food imtaks.

While the results of the present woazk provide
some evidence for a relationship botween satiety amd
the level of acetate ecirculating in the bloed, there is
little to explain the depressions of Antake that resulted
from propionic acid infusicms. It is thaught that
acetate 18 a more likely regulatory sstadalits thaa
propionate because concentrations of the latter arve
normally low in ecirculating blood. The following werking
hypothesis is therefore suggested: that ome of the
factors regulating satiety in the normal sheep could be
the aammt of acstate cirvulatiag im the bloed.

It is obvicus from the above discussion that
further work is required to test the hypothesis offered.
Investigation of the following topics could be profitable:
1. The effests of VFAs on food intake meed to be
tested under carefully comtrolled environmental condit-



ionas, for long periocds of time, and at esvarul planes
of mutrition. Under these conditions the acids should
be infused intraruminally and intravencusly, and bloed
concentrations and rates of utilization of acetate,
propiomate, butyrate and glucose determined, The most
reliable way of measuring such variables would be
with redio-isotope technigues.

2. Nore information is required on the metabolism
of butyric acid and blood ketomes. Until this is
available little progress can be made in assessing
the contribution of butyric acid to food intake regula-
tion. Butyrie acid is quantitatively important om high
quality diets and it 1s the most efficiently utilized
VFA for gogpusais (Klaxzter, 1960).

Je diore work $8 required on the physiology of the
stimuli that evolke a satiety response from the nervous
system in ruminants. _

Reports in the literature that acetic and
possibly propioniec acids can have effects om ruminant
food intake have been confirmed, i.e., chemostatic
regulation of intake is possible., This can now be
considered in relation to the well eatablished rumen
load reduction theory of rumimant food intake regulatiom.
It is suggested here that the two theories are comple-
mentary and that with reughages, intake is largely
governed by the physical repletion of the rumem and the
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time talen to reduce rumen load to the point where
hmgsr recurs. WYhen repidly fermcated diets such as
concentrates or certain high quality pastures are
being fed, the camwuntration of mstabalites rwasiing
peripheral circulation may cause satiety before
physical repletion of the rumsn 1s attaimsd. The
paint at which chamostatis satiety is reached may
be dependent on the physiological state of the animel
and might be affected by factors such as pregmaney,
lactation, plane of mutrition and envircmmental
temperature.

It seems likmly that chsmostatic regulation of
food intal® in ruminants 1s possible. No more than
this can be said at the moment:s the results provided
cammot be regarded as unequivocal proof. If the VFAs
are involved in the regulation of food imtake it
appears that their effect 4is not a major one, the
maximum depression obtained in the present work was
about 308, Further, it seems unlikely that any single
mechanism would be responsible for food intake regula-
tion in ruminants: an interaction of many factors as
suggested for momogastric animals by Janowitz and
Grossman (1947b) and Brobeck (1955) would seem move
reasonable.
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1. The effeets of intraruminal infusions of acetis,
propionic and to a lesser extamt bDutyric acids on the
food intake of sheep fed contrasting diets were
studied, Comcentrate diets provided a high plane of
mutrition while a poor quality chaff diet provided a
submaintenance plane of mutrition.

2. Asetic and propionic acids were infused at

varying dose rates and two effects were observed: an

acid effect and a plane of mutritionm effects

(a) As the dose rate of acetic acid was increased
intake decreased and was significantly different
from the cantrol intake at 200 keal on both the
high and low planes of mutrition., However the
depression of intake was more pronounced om the
low than the high piame of mutritiom.

() Propiomic acid had a differemt effect: 200 lmoal
caused a small inecrease in the food intake of
both diets while 300 keal caused a significant
depression of only the Ghaff fmtakm (P < .001).
Propionic acid infusions had a cumilative effest

on the high plane of mutrition where both treatment

and control intakes decreased as the dese rate of
acid was increased.
Je Butyric acid was not studied in detail but
infusions of it were cobserved to depress food intake.
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&4, The results are digscussed in relation to the
intermediary metabolism of the VPAs by sheep.
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CHAPTER 4

THE ABSORPTION AND EXCRETION OF LITHIUM BY
SHEEP IN RELATION TO ITS USE AS A MARKER
FOR DETERMINING RUMEN WATER VOLUME



-133 -

The grimxiples involved in the use of markare
to measure the volume of water in the revticsulo-rmummn and
the flow of water omn to the omasum have been elabor-
ated in Chaptur 1. In brief, the methed involves the
introduction of a mown quantity of marker inte the
reticulo-rummn and the determinmation of the dilution
of marker concentration over a period of time. The
velums of water is them calculated by extrapolating
the dilution curve back to zexo time, and the rate of
flow from the slope of the curve.

Not many eubstances are suitable for use as
mriars, and ideally, a sarker should fulril the
eriteria elaborated in Chapter 1. These are:s 4t must
not be absorbed from, or mrtaboliemxi in the rumen; 4t
mst not be adsorbed en to the rumen epithelium; 1t
must be aon-toxic; it must be completely water solublej
and 1t m:st be adaptable for routine chemical amalysis.

It has been difficult to find a substamce that
will fulfil all these criteria and in many cases a
compromise has been accepted.

The element lithium, because of its low ocour-
rence in herbage (Scharrer, 1941) and its ease of
amalysis has been suggested as a marker for estimating
rumen water volume in pasture-fed antmals (Mangan,
unpublished), Against these admitted advantages, other



properties of the lithium ion seem likely to reduce its
value for this purpose. Little work has besa done on
detsemining the fate of lithium in rumiments but it
1s repidly absurtmd from the gut of non-ruminants
(Good, 1903; Berger, 19063 Kent and McCamce, 1941).
The abhsarbed lithius 1s evenly distributed through
the animal body and its distribution volume is equal
to or greater than the body water (Radomski, Puyat,
Nelson and Smith, 19503 Talso and Clarke, 19513
Foulks, Mudge and Gilman, 1952; Trautuner, Morris,
Noack and Gershom, 1955). In nmon-ruminants the largest
part of any lithium dose appears to be exereted in the
urine over the first few days (Good, 19033 Keant and
McCance, 19413 Noack and Treutmer, 19513 Foulks gt al.,
1952; Trautner gt al., 1955). A smaller amount of
1ithium s excreted via the faeces (Good, 1903; Kemt
and McCance, 1941; Radomski ¢t al., 19503 Talso and
Clarke, 1951) while small amounts have been detected
in saliva (Good, 1903), and in sweat (Noack amd
Trstmr, 1951).

Much of the work on lithium toxicity stems from
medical and phammecological studies. Schou (1957) has
reviewed the symptoms of lithium toxicity in great
detail. The gastro-intestinal tract is affected and
symptoms such as nausea, salivation, vomitting, diarvhoea
and enteritis have been observed. The nervous system
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is very sensitive to lithium intoxication and early
symptoms are tremors of the limbs and jaws. MNore
severe signs are drowsiness, muscular hyperirritability,
coma and fimlly death.

The toxic and morphogenetic effects of the
1ithium ion on lower organisms have been reviewed hy
Heedhan (1942) amd Seheu (1957).

Ifthium was considered when a mariker vas being
chosen for measuring rumen water velhms in the rye-
grass strain comparison (Champter 2). Because of the
potential disadvantages mentiomed above, a preliminmary
investigation was carried out to study the absorption
and exeretion of lithium by the sheep, and its toxie~
ity to rumen micro-organisms. The results of these
experiments, which led to the discarding of lithium
as a likely marker, are deseribed in the present
chapter.
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EXPERIMENTAL METHODS

1. Animels

The animals used were Rommey Marsh crossbred
wethers containing permanent rumen fistulas prepared
by the method of Jarrett (1948). They were housed
indoors in separate pems and fed on a mixture of
chaffed red clover hay and pelleted lucerme concemtrate.
When required urine and faeces vere collected by means
of a harness incorporating a faccal bag and urine
tank, All doses of lithium were administered through
the fistula at a dose rate of 0,5 to 0.5 g of elemental
lithium per sheep. This gave an initial rumen liguor
mm«mxyaooﬂnmmu.
2. Apalvtical

Monohydrous lithium sulphate was found to be
the most suitable lithium salt for use as a marier
because it was not deliguescent and was readily soluble
in water.

All lithium determimations were made by flame
photometry using the flame attachment of a Beckman
model DU spectrophotometer and measuring the emission
ltamh-ﬁdﬁ‘nr. Calibration curves with
standarxd solutions were determined before, during amd
after each run to correct for any drift., The atomizer
was cleaned after cach reading by flushing with
distilled water.



Table 44, The Recovery of Iithium Added to Rumen

Iiguor
Amount of I4 Amount of | %
Sample Added ( /& Recovered F; Recovered
1 2000 1941 97.05
2 2000 2015 100.80
3 2000 197 99.72
4 2000 1986 99.87




- 137 -

Polyethylens glycol (PEG) was detarmimmd
Gouidisstrically W the method deseribed im Chapter 1,
3. Cellection and Preparation of Samples
(a) Bumen Iiguop

Sasplss of ingesta were collected through the
sumsn fistula andl strutmsd through mmslia to remove
any coarse suspmxxiad plant material. Jer lithtium deter-
mination, duplicate 20 ml samples of rumen liguor were
mum.mhdugpmhﬁ.m
then ashed in a muffle furmace at 600°C for 4 hr to
ruEDve arpania mmtter. Ry this msans all lithize in
ths samples, imsluiing that abs@dwd by micro-organisms
and plant dedris was accOunted for. The ashed samples
were dissolved in 10 ml 2§ BCl, transferred quantitat-
ively to 50 ml volumetric flasks and made to volume
with distilled water. The flasks were allowed to
stand overmight them samples for amlyxis were esare-
fully decanted off,

The accuracy of the method of lithium ammlyuis
was measured with a recovery test as shown in Tabls
My, It was comsidered that lithium could be recovered
quantitatively from rumen liquor Wy the method described.
(») Hieed

Blood was collected from the jugular vein by
syringe, allowed to clot, and ' ml of the serum diluted
to 50 ml with distilled water. Samples of this



- 138 -

solution were taken for analysis.
() Uripe

Urine was collected thrice daily and its volume
measured. Ope ml was diluted to 50 mi with distilled
water and a sample of this solution taken for amly=is.
(4) Fasces

Fasses were collected thres times daily. An
aliguot from each collection was hamngemizad in a
Waring blamier with & ssasured amount of Aifilled
water. Duplicate 20 g samples of homogenate were
evaporated to drymesa, ashed, dissclved in 2N HCl and
transferred to 50 ml volumetric flasks following the
procedure used fer rumen liguew,
(e) Saliva

One parotid salivary gland was canmilated in
each of three sheep following the method of Ash and
Kay (1959). The animals were dosed with lithium
through the fistula and saliva was collected at inter-
vals for 24 hr. At this stage the salivary canmilae
were removed in erder to aveid degenmerative changes
in the glands, Duplicate 5 ml samples of saliva were
made up to 50 ml for amalysis. Any saliva remaining
after a collection period was returned to the animal
through the rumen fistula to avedd upsetting aecid-
base metabolism.




4. Mepometric Technigue

The effect of lithium upon the gas production
of rumen micro-organisms was determined mancmetriecally.
T™he apparatus consisted of doubls side-arm 150 ml
Warburg-type flasks commected by pressure tubing to
200 nl canstant gressure mammters which mesasured to
0.5 ml gas evalved (Clarke, 1964), The flasks were
agitated in a water bath at 20°C. Because of the large
aastitiss required, mumen liguor was obtained from
a fistulated cow following overnight fasting.

The fallawigg typical experimental design was
used. Forty ml of rumen liguor was added to the main
body of each flaak and various mixtures were added to
one of the side-arms as follows:

Flask 1 - 1on1gmumm.w5.7.
Flask 2 - 10 ml red clover jJuiee, pH 5.7.
Piask 3 - 10 ml red clover juice plus lithium

sulphate (te give a flask comeentration of
100 jug 11 per ml when mixed).

Flask 4 - 10 ml red clover julce plus lithium sulphate
(uun.mnommuﬂ-«m/u
Ii per ml when mixed).

Flask 5 - 10 ml red clover juice plus sedium sulphate
(te give a sulphate concentration equi-
molar to flask A).

All flasks were placed in the water bath for
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10 min for temperature equilibration and them gassed
for 10 min with a sixtwre of 56 carbon dioxide amd
95% nitrogen. The flasks were them tipped, mixing
the side-arm cantamts with the rummn liquor, and gas
production vas measured fn the ensuing hr,

This type of axparimmut was csendusted five times.

Two experiments were conducted, each with three
sheep fed a ration of pelleted lucerne. The animals
were starved overnight and fed their daily rationm at
8.00 AM. A solution camtaining 0.25 g 1ithtwm and
7.5 g PEG was intruhmed through the fistula immediately
before feeding. hmmn exmples were collected at 2, &,
6 and 8 hr after dosing. Rumen water volumm (V) was
calculated from the matio!
where p is the amount of marker added and C' amd C"
are the marier concentrations immediately before and
after dosing. The flow of water from the rumen was
expressed two waysi
(a) as the percentage of rumen water volume being

removed per hr (Vol %), which is equivalemt to 100

k3 where k is the slope of the marker dilution

curve; and
(b) as the volume of water leaving the rumen in unit

time (u), expressed by the equation u = kV,



Table 45. The Concentration of ILithium in Rumen Liquor
and Jugular Blood After Dosing a Sheep with
0.5 g of Iithium

“0® arter | umn Limer = | 5jocd Comsentratim
dosivg) | (pg iajm) | (e 14/md serm)
2 177.5
b 4.3
4 57.5
6 48.8
7 2.8
8 46.3
12 30.0 8.8
24 21.3 4.0
27 55
3 13.8 6.0
48 6.3 6.3
T2 12.5 2.3
55 8.8 2.3




Table 46. Urimry and Paecal Excretion of a Idthium Dose of 0.5 g by
Sheep 3 (DM intalm 400 g/day)

Sampling Period (hr after dosing)
0-12 | 12-24 | 2448 | 4872 | TR2-96 | 96-121 | 121=151
Uripe:s Volume Exoreted (ml1) 518 215 364 7 1040 | 890
°m“‘°‘ of 14 in Urine 13.40 | 20.97 | 162.65 | 77.69 | 29.88 | 15.66
Total Wrimry 14 (mg) 6.86 | 45.09 | 59.21 | 55.70 | 31.08 | 13.94
Pageess Vet wt. (g) 198 17 473 400 543 T83 1195
m""“ of 14 in Wet Facces | o359 | 6,00 | 1.56 | 3.57 | 5.90 | 12.49 6.65
Total Paecal 14 (mg) 0,51 | 0.70 | O.TW 143 | 3.20 | 9.78 7.95
— —




Table 47. Urimry and Fascal Exoretion of a Iithium Dose of 0.5 g
by sheep 33 (DN intake 800 g/day)

Sampling Pericd (hr after dosing)

0-12 12-24 | 2448 | 48-T2 | T2-96

Uripet Veolume Exsreted (ml) 410 615 765 870 170
cmg’u SFfats Seine 98.03 | 111,48 | 85.20 | 22.13 | 1.97
Total Urimyy 14 (mg) 40.19 | 75.25 | 65.18 | 19.25 | 2.30

Fagges: Wet Wt. (g) 282 398 | 1009 975 1M
m“‘“ of I4 in Vet Fueses | 44,35 |26.61 | 29.01 | 25.75 | 26.63
Total Faccal Ii (mg) 11.80 | 10.59 | 29.35 29,66

25.14




1.
The camentration of lithtmm found in the ruman
liquor and venous blocd of sheep 3 after dosing with
0.5 g 1ithium 1is shawn in Table 45, The comcentration
in rumen liquor declined expomentially with timss
only smell smounts of the element were present after
4 days. HNote the rapid reductiem in concentration
over the first 4 hr oamgmrwd to the secomd 4 hr after
dosing. Iithium was detected in venous bleod withim
D hr of dosing. The concentrations iam blood were
always low and decresami to a trace after 2 days.
There was some variation between animals in
their urizary and faecal excretiom of lithium. Deta
for sheep 3 are given in Table 46. Urimary sxcretion
of the elmmwnt reeshed a peak about 48 hr after deosing
and then fell away to a low comcentration. An
appreciable amcunt was detested within 12 hr of
dosing. Faecal excretion of lithium was comparatively
low and irregular, and seemed to reach a maximum about
S days after dosing. Similar data for sheep 33 are
presented in Table 47. This second animal had twice
the food intake of sheep 5 and a corvespondingly greater
faccal ocutput. Sheep 33 had a largar faseal axcretiomn
of lithium., This can also be seen from the cumulative
urinary and faecal excretion curves which are presented



Fig.18  Cumulative Urinary And Faecal Excretion Of Lithium
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Table 48. Parotid Salivary Secretiom of Idthium
by Sheep 4
Ty | el | S,
dosing) g )
1 9% 95 o
2 92 92 1.75
3 84 84 3.75
4 76 76 6.25
5 52 52 8.25
6 46 46 8.75
7 63 63 9.50
1" 166 42 10.25
490 45 10.75
3 58 S8 10.75




Fig.19 Effect Of Lithium On The Gas Production
Ot Rumen Micro-organisms
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in Fig. 18. From these curves it can be seen that,
(a) the urinary excretion of lithium was faster in
sheep 33 (40F of the administered dose was exereted
in T2 hr as campervd with 96 hr for sheep 3), amd (b)
sheep 33 excreted a much higher proportion of the
dose in the faeces.

The concentration of lithium in the parotid
saliva of sheep was mmasured after dosing with 0.5 g
of lithium, The results from sheep 4 are presented

in Table 48. Iithium was detected in the saliva during

the secoxxi hour after dosing amxl the concentration
steadily increased for 10 hr.

The results of two of a series of experiments
where the effect of lithium on the gas preductiomn of
rumen micro-organisms was studied, are presented in
Fig. 19. In Pig. 19A it can be seen that both 100
maso/unmmnm;mmnm
production. FPig. 19 also shows that the reduction was
not associated with the sulphate radical of lithium
sulphate. A severe depression in gas production was
obtained with a 0.4 N solution of l1ithium sulphate
(r1g. 198).

The results of two experiments im which 1ithium



Tabdble 49.

Camparison of PEG and Iithium as Marimre for Estimating

Rumen Water Volums and Rate of Flow of Water from the

Rumen
Rumen VWater ow Ra
Date Sheep Volume (ml) vel % !ﬂ/ﬂ?
PEG Iithium PEG Lithium PEQ Lithium
6 September 1961 1 1993 2818 22.5 21.8 435 612
5 esTT 3920 | 13.8 12.9 356 504
6 2107 3497 16.0 12.2 338 425
27 September 1961 1 2492 3369 19.9 19.9 496 670
5 2239 3401 15.6 12.3 349 418
6 935 1812 30.9 24 .0 28¢ 435
Mean 2047 3136 19.8 17.2 3T7 511
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and PEG were compared as rumen mariers are shown in
Table 49, Rumen water velumss estimmted with ltthium
were considerably higher than those with PEG, Flow
rate estimated as a percentage of the rumen water
volume changing per hr gave a higher figure for PEQ.
Water flow rates in ml per hr were largely a reflection
of rumen water volumes.
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DISCUSSION

The experiments described here on the absorpt-
ion and excretion of lithium were intemiad to be
qualttative only. The results obtained confirm those
of other warimrs on lithium metabolism (Good, 19033
Eargar, 19063 Kent and McCance, 1941; Radomski gt gl.,
19503 Talsc and Clarks, 1951). Iithium added to the
rumen of sheep was rapidly absorbed, as was demon-
strated by its appearance in venous blood and saliva
within 3 hr of dosing, and because 40f of a lithium
dose was excreted in the wrine within 4 days. Faecal
excretion of lithium was more variable and was much
slower in the sheep having a lower food intake (Pig.
18). Because lithium has such a large distribution
volume in the amimml (Redemmii ot 3l., 1950; Talso
and Clarke, 19513 Foulks gt gl., 1952) it 1s likely
that lithium would comtimue to be exereted in small
amounts for a long peried.

In a note published since the present work was
completed, Harrisom, Hill and Mamgan (1963) alse
presented results of studies on the absorption and
exeretion of lithium by sheep. Following the admind-
stration of 2 g of lithium sulphate te the rumen they
found that lithium ions appeared in urine within 2 hr,
reached a peak between 4 and 5 hr, and that 508 of
the added lithium was excreted in the wrine withim 3
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days. PRurther, these suthors inferred that lithtum

was absorbed rapidly by the anterior part of the
digestive trust and that a small amount was recirculated
into the rumen in saliva. 7These results of Harrison

et al. (1963) agree well with the present work.

Results of the ip vitro fermentation experiments
(Pig. 19) showed that lithium 1s taxic to rumm micro-
arganisms parcisularly in higher concentrations.
However, for the purpose of a rumen marker, an initial
rumen concentration of approximmtely 100 /ug per ml
would be adequate, and this level should not cause a
large depression in microdial activity.

None of the symptoms of lithium intaxication
in mammals described by Sehou (1957) were observed in
the present work. This is not surprising because the
dose rates vere lkept low. If the dose retes were
increased, or if frequent doses vere administered,
toxic effects on animmls might become evident.

Iithium gave a 51% highar estimate of rumen water
volume than PEG (Table 49). Hydén (1961) calculated
that the distribution volume of PEG in rumen contents
uas appraximmtely 95€ of total rumen water. Using
this figure it was calculated that 1lithium had an
apparent distribution volume of 146% of the rumen water
in the present experiments. There are two possibdble
explanations for this high value with lithium: either
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PEG gave a 1low estimate of water volume, or the 1lithium
estimate was high., PEG has been dealt with in detail
dn Chapter 1: 1t 18 not absorbed or metabolised and
appears to be adegquate &8s a marier for determining
rumen water volume. A more likely explamation would

be that the estimates of initial 1ithium concentration
were low, thus leading to a high estimate of rumen water
volums. The resscn for a low initial lithium conoen-
tration 1s not obtvicus. Apparently there was no
anmalytical error as lithium could be recovered
quantitatively from rumen 1iguor (Table 44). If 1lithium
was being absorded rapidly from the rumen the slope of
its dilution curve ahould have been steeper than that

of PEG; but this was not the case (Table 49). A
poasible explanation is that there was a repid initial
absorption of 1lithium in the 2 hr after dosing in the
1i1thioe-PEG comparison, and that by the first sampling
time the rate had decreased. In addition, an inoreasing
salivary Anflux of lithium into the rumen could have
stabilized the concentration of lithium in the rumen.
The work of Harrisom ¢t al. (1963) supports this view.
When the rumen concentrations of lithium shown im Table
45 were plotted against time (Fig. 20), there appeared
to be a very rapid reduction over the first 4 hr. The
dilution curves obtained with this sams sheep during
the lithium-PEG comparison on 27 Septamber are also
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shown in Fig. 20. VWhen the two lithium curves 4in
rig. 20 are compared it is conceivable that there may
have been 2 rapid abtsorption of 1lithium before the
first sampling at 2 hr on 27 Septembder 1961,

From the results presented it was camsidered
that lithium 1s unsuitadble as a marksr for estimating
sumen water volume, maimly because of its rapid

absorptien.
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1. Iithium was tested as a marier for measuring
rumen water volume.

2. A dose of lithium added to the rumen of a sheep
was rapldly adeorbed, as was Aimitcated Ly its appear-
ance in venous blood and parotid saliva withim 3 hr.
Porty percent of a 1ithium dose was e¢xcreted in urine
within 4 days but faecal excretiom was slower and
more variable,

3. In vitro ferwsntations showed that lithium was
toxic to rumen micro-organisms, particularly at concen-
mumoteso/a/-lmmer.

4, Iithium was found to give a 51% higher astimate
of rumen water volume than did PEG. PMossible reasons
for this are discussed.

5. It was considered that lithium 1s unsuitabls as
a marker for dstarffifing rumen water volumd.
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ON
DISCUSSI
GENERAL
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In the work described in this Thesis two aspects
of food intake regulation by sheep were encountered.
Firstly, some of the factors influemcing the intake
of a palatable feed were causidered. Secondly, a
situation was deseribed where an apparent lack of
palatability restricted food intake.

It appears that the basic urge in the feeding
behavicur of mammals is hunger (Amami, 1961), When an
animal eats to satisfy this urge a point 1s reached
where the mechanism of satiety is stimulated to inhibit
feeding behaviouwr. After a pericd of time the fnhibit-
ory effects of satiety diminish, the urge of hunger
increases, and a point is reached where the amimml
starts eating again. Thus it appears that satiety and
not lmmgrr 1s regulated.

In this Thesis two theoretical mechanisms for
regulating food intalke in sheep were considered: the
reduction of rumen load and chemostasis.

(a) Beduction of Rumen load Theery

With ruminants on a poor quality feed it seems
that physical repletion of the rumen can provide a
stimulus for satiety. The time required for the rumen
load to be reduced to the point where hunger recurs
will be dependent on the rate of break down of the
rmummmehnunmwdmm
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through the alimentary tract. The higher the foed
quality, the guicker the food is broken down and passed
along the digestive tract, and the more frequantly can
the animal eat.

The present work confirmed that the rumens of
P-fed sheep cantainsd larger ammunts of ingesta than
those fram S—fed sheep. Evans (1964) has shoun that
P 1s physically stronger than S. Comseguently, it
could be implied that P accumulates in the rumen because
it is more resistant to break down than 3., This
hypothesis has not been tested exparimentally. However,
it 1s possidble that S %8 broken down and passed from
the rumen more rapidly than P, and that a higher food
intake is a major factor comtributing to the superior
live weight gains normally found in S-fed sheep.

(b) Chemostatic Theory

When high quality foods are fermented in the rumen
large amounts of metabolites are rapidly produced and
absorbed and could cause satiety by chemostatic means.
An example of such a chemostatic mechanism was
provided in the experiments where VFAs were infused
into the rumen and produced significant depressions in
food intake. Another possible example can be drawn
from the ryegrass comparison. The hypothesis that 3
is broken down and passed through the rumen more rapidly
than P does not explain fully why the rumemns of the




rumens of the S-fed sheep should contain less digesta.
In othar words, what stops the S-fed animals eating
to repletion of their mumens? A feasible explamtion
is that the fermentation of S produces mstadalites
which are absorbed and cause a chemostatic limitation
of intake. A similar situatiom was describsd by
Freer and Camplimg (1963) where cows ate less amd had
smaller rumen "f111s” on a concentrate than on a bay
diet.

It 1s comnsidered that in the normal ruminant,
satiety can be regulated by a balance of the physical
repletion of the rumen and chemostatic means. There
may be thresholds at which either of these factors are
limiting. The ghyaical bulk of low quality feeds may
Iimit intake btecause repletion of the rumen 1s
attaimed defore the regulating mstadulites reash a
threshold level in the blood, while om high quality
dieta the chemostatic threshald may be resscshed before
repletion of the rumen is attained. The point at which
chempstatic satiety is reached may be dependemt on the
physiological state of the animal and might be affected
by factors such as pregnaney, lactation, plane of
mutrition and envirommental conditions.

2.

The present experiments provided an example
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of how the mechanisms governing food intake in the
normal animal may be counteracted by factors which
cause an unpalatability of the food. In this case S
was rendered unpalatadle in the spring of 1962 and
intakes of it were low. This effect, which was
descridbed as unpalatability, say have been due to
either of two caunses:

(a) The sheep might have found the grass repugnant
to taste or smell. This is palatabdlity 4in the
accepted sense: a subjective assessment of the food
by the animml,

(b) Texie factors might have been present in the
grass or prodused during digestiom in the rumen.
Examples of this type of situation are: lactic acid
poisoning, where the fermentation of high starch diets
can lead to excess lactic acid production and normal
uffering mschantiase in the rumen are overvhelmed;
and nitrate poisoning where mitrite fommed by the
reduction of high comcentrations of nitrate in the feed
is absorbed and results in methaemoglobinacmia.

In practice it is often impossible to distingu-
ish between (a) and (b), particularly whem a toxic
factor is operating subecliniecally.

The work presented here is the result of a
preliminary examination of some factors implicated in
the productive performance of sheep om pasture. It
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has cafirssd the camplaxity of the problem, particu-
larly in regard to animal and plant variation. This
variation is such that greater animal numbers are
required than can be handled by one investigatar.

The volume of work invelved in saistatfipg the pastures,
handling experimental animals, processing the many
samples for analysis and carrying out the chemical
determinations calls for a team effort., The writer
is fully conscious of the limited conclusions that can
be drawn from the restricted mmbder of experiments
that he was able to carry aut.



- 155 =

LITERATURE CITED



- 156 =

ADOLPH, E. P, (1947). Amer. J. Physiol., 151: 110.

ANAND, B.K. (1961). Pnysiol. Reviews, 41s 67T7.

ABARD, B. K., and BEOEECK, J. R. (1951). ¥ale J.
Blol, Med., 28: 123,

AMIERR2QS, B., and LARSSON, S. (196%a). Pharmacol.
Reviews, 133 1.

(1961b). Acta Physiol.

Scani., 52 T5.
ANNISON, E, P, (1954). Biochem. J., 58: 670.
, HILL, K, J., and LEWIS, D, (1957).
Biochem. J., 663 592,
, LENG, R. A., LINDSAY, D, B., and WHITE,
R. R, (1963). Bioshem J., §8: 248.
, and LENIS, D. (1959). "Metabolism in
the Rumen". Hsthuen: Londom.
, and LINDSAY, D. B, (1958). Biochem. J.,

69: 33r.

(1961). Biochem. J.,
I8 TIY.

(1962). Biochem.
Je.s 858 A4TA.

» and WHITE, R, R. (1961). Biochem.J.,

80: 162,

(1962a). Biochem.J.,
B4z SH6.

(1962b). Biochem. J.,




- 157 =

84: 552.
ARNSTRAND, D. G. (1960). Proc. 8'® Intermat. Grassl.
Cong., p.485.
» and BIAXTER, K. L. (195Ta). BErit.
J. Butr., 113 247.

(1957v). BErit.

J. Mutr., 113 413,
; and GRAHAM,
. loC. (1957). Brit. J. Butr., ii: 392,

—, and VADMMAN, P. W, (1958). Brit. J.
Nutr., 12 1177.

ASH, R. ¥, (1957). J. Payystol., 139: 6P.

, and KAY, R. N. B, (1959). J. Pnysiol.,

149: 43,

, PENNINGTON, R, J., and REID, R, S, (1964).
Biochem. J., 903 353.

BATIEY, R, W, (1964). B.Z. J. Agric. Res., (In Press). .

BALCH, C. C. (1950). Brit. J. Hutr., 4t 361.

(1960). In "Digestive Physiology amd

Nutrition of the Ruminant". BEd. D, lewis.

Butterworths: Londom.

and CAMPLING, R. C, (1962). Nutr. Abs.
Reviews, 32: 669

BAICH, D. A, (1958). Brit. J. Nutr., 183 18.

BARCROFT, J. (1945). Proc. Nutr. Soc., 33 247.




- 158 =

BARTON, R. A. and ULYATT, M. J. (1963). J. Agriec.
Sci., 81 191,

BATH, I, H. (1958). Amalyst, §3: 451,

BATEURST, N. O, and NITCBEIL, K. J. (1958). N.Z. J.
Agric. Res., }3 540.

BELL, P. R. (1960). In "Digestive Physiology and
Butrition of the Ruminant”., Ed. D, Leuis.
Butterworths: Londom.

HELL, M. C., VEITEHAIR, C. K. and GALLUP, W, D, (1951).
Proc. Soc. Exp. Blol. Med., JO: 284.

BERGER, F. (1906). Arch. Exp. Path. Pharmakol., 553
1. Cited Schou (1957).

BLACK, A. L., KIRIHER, M. and BROVE, A. M. (1951).

J. Btol. Chem., 236t 2399.
. BLAXTER, K. L. (1950). Mutr. Abs. Reviews, 20: 1.
(1958)., In "Seiemtific Prineiples of
Feeding Famm ILivestock". Farmer and Stockbreeders
London.

(1960). In "Digestive Physiology and

Nutrition of the Rumimant®. Ed. D. lewis.

Butterworths: ILondon.

(1962). "The Emergy Metabolism of g

Ruminants”. Hutchinson: London.

» GRAHAM, N, MeC,and WAINMAIN, F. W,

(1956). Brit. J. Nutr., 101 69.

» WADNAIN, F, ¥. and WILSON, R. S, (1961).




- 159 -

Anim. Pred., 33 51,

BLAXTER, K, L, and WILSON, R, S, (1962a). Proc., Mute.
Soc., 21t =xxi4.

(1962b). Anim,

Pred., &3 351,
BODA, J. M. and JGHES, A. T. (1962). Neture, 193: 195.
BRANDT, C. S, and THACKER, K. J, (1958). J. Anim.
Sei., 17 218,
BRENT, B, E., RICHAEDSQS, D., TIEN, W, S, and MENZIES,
C. S, (1961). J. Antm. Sei., 20: 526,
BROEECK, J. R, (1948). ¥Tale J. Biol. Med., 20: 545.
(1955), Ammals N,Y, Acad. Sel., 633 44,
(1960a). Recent Progr. Hormome Res.,

16: 439,

(19600). In "Handbook of Physiclogy” .
Section 1, Volume IT. Amer. Physiol. Soc.t
Washingten D.C.

BRODY, S. (1945). “"Bicenergetics and Growth", Rein-
holds HNew York.

BRUCE, H. N, and KENNEDY, G, C, (1951). Proc, Royal
See. B., 138: 528.

BUTLER, G. W. (1957). Dairyfarming Amnual. Massey
Agricultural College, p.55.

(1959). Proec. N.Z. Soc. Anim. Pred.,

19: 99.
CAMPLING, R, C, and BAICH, C, C, (1961). Brit, J. NMutr,,



ﬁ‘ 5230
CANPLING, R. C. and FEEER, M. (1960). MNature, 188: 670.
and BALCH, C. C. (1961).

Brit. J. Nutr., 152 531.
(1962).

Brit. J. Bute,, 163 115.
(1963).

Brit. J. Nutr., 1Tt 263.

CAERGLL, E, J. and HUNGATE, R. E, (1954). Appl.
Klarehiol., 2t 205.

CASTIR, E. J. (1956). Brit. J. Butr., 10s 15,

CIARK, R, and MALAB, J. B, (1956). Onders. J. Vet.
Res., Js 101,

CLARKE, R, T. J. (1964). P.D. Thesis. Massey
University of Hanmawatu.

COLUMBUS, A. (1936). Porschungsdienst., 2: 208.
Cited Baleh (1950).

COMLINE, R, S, and TITCHEN, D. A, (1960). In "Digestive
Physiology and Nutrition of the Ruminant". Ed.
D. lewis. Butterworths: London.

CONMAY, K. J. (1957). "Micrediffusion Amalysis and
Volumetriec Errer”. Crosby Loclwood: London.
CORBETT, J. L., GREENHALGH, J, F, D. and FLORENCE, K.

(1959). Brit. J. Nutr., 138 337.
| , GV, P, E, amd
WALEER, D, (1958). Brit. J. Nute., 128 266.




- 161 -

CORBIN, J. E. and FOREES, R. M. (1951). J. Anim.
Sei., 10t STA.

COUP, M. R. and IANCASTER, R, J. (1952). H.Z. J. Sed.
Tech., 3i4As 3A7T.

- CRANPTON, E. ¥, (1957). J. Anim. Sei. 16: 546.

, DONEPER, E. and LIOYD, L. E. (1960).
Proc. 8 Intermat. Grassl. Cong., p.462.

CRASEMANN, E, (1953). HNeeting on Problems of Animal
Peeding in Eurcpe, PMaris.

DAVIS, C. L., EROWN, R. E., STAUBUS, J. R. and NELSON,
W. 0, (1958), J. Dairy Sei., 413 T30.

DOBSON, A. (1960), In "Digestive Physiology and
Nutrition of the Ruminant”. Ed. D, Lewis.
BRuttsxeaths: London.

- DODSWORTH, T. L. and CAMPEELL, W. H. N. (1952).
Hature, JT0s 1128.

DGEEVER, E., LLOYD, L. E. ani CRAMPTON, E, W, (1963).
J. Anim. Sei., 223 425,

DOWDEN, D. R. and JACOBSON, D. R. (1960). Nature,
188: 149,

EDIN, H,, KTHLEN, G. amd NORDFELDT, S. (1944),
Lantbriogsk. Amn., 1@t 166.

. BSSIG, H., V., GARRIGUS, U. S. and JOHNSON, B. C. (1962).

J. Anim, Sei., 1t 37.

» NORTON, H. ¥W. and JOHNSON, B. C. (1961).

Proc. Soc. Exp. Blol, Med., 10B: 194.




EVANS, P, S. (1964). N.Z. J. Agric. Res., (In Press).

EVANS, R. B. (1960). U.K. Min. Agric. Fisheries and
Food. Bull. No. 48.

FISSMER, F. (1941). 2. Tierermahr. Puttermittelk.,
53 1. Cited Makela (1956).

FIATT, W. P., WARNER, R. G. and LOOSLI, J. K. (1959).
Caxnell Hemodr 361,

POULKS, J., MUDGE, G. H. and GILMAN, A, (1952). Amer.
J. Maysiol., 168: 642,

FREER, M. and CANPLING, R, C. (1963). Brit. J. Nutr.,
A1: 79.

and BALCH, C. C. (1962).

Brit. J. Mutr., 163 279.

GARMER, G. B. (1963). Proo. N.Z. Soc. Anim. Prod.,
23 28.

GOOD, C. A, (1903). Amer. J. Med. Sci., 125¢ 273.

GRAHAN, N. NcC. and WILLIANS, A. J. (1962). Aust. J.
Agric. Bes., 13: 894.

GRAY, F. V. (1947). J. Exp. Biol., 2is 1,

» JONES, G, B, and PILGRIN, A, F, (1960).
Aust. J. Agric. Res., 1] 383.

GBOSSMAB, N. I. (1955). Ammals N.Y. Aced. Sci., 633 76.

HABEL, R. B. (1956). Cormell Vet., 46s 555.

HALSE, K. and VELLE, W, (1956). Acta Physiol. Secamd.,
31: 380.

HARRISON, P, A,, HILL, K, J. and MANGAN, J. L. (1963).




= W5 »

Blochem. J., §9¢ 99P.

HEALD, P. J. (1951). Brit. J. Nutr., 5: 84,

HERSIEY, J. A. and MOIR, R, J, (1963). Aust. J. Agriec.
Res., 14: 509.

HOGAN, J. P, and PHILLIPSON, A. T. (1960). Brit. J.
Butr., 14: W7,

BOLDER, J. N. (1963). MNature, 200: 1074,

HIFPRAN, C. P. (1939). J. Datiry Sei., 22: 889.
HUMPHRIES, E. C. (1956). In "Modern Hethods of Plant
Analysis". Volume I. Ed. K. Paech and M. V.

Tracy. Springer-Verlag: Berlin.
BUTTGE, J. B. (1963). Proc. N.2Z. Soc. Amim. Prod.,
8 39.
HYDEN, S. (1956a). lantbriogsk. Amn., 22¢ 139.
(1956b). lantbriogsk. Amn., 22t 411,
(1960). In "Digestive Physiology and
Nutrition of the Ruminant”. Ed. D, lewis.
Butterworths: London.
(1961). lantbr Hogsk. Amm., 2Tt 51.
JACOBSON, E, D,, BONDY, D. C., BROITMAN, S. A, and
FORDTRAN, J. S. (1963). Gastroenterology, Ad: 761.
JAMES, A. T, and MARTIN, A. J. P. (1952). Riochem.
Jes 303 679.
JANOWITZ, H. D, and GROSSMAN, M. I. (194%a). Amer. J.
Physiol., 159: 143,

(1949p). J. mt.




-‘“-

Sinai Hosp. N.Y., 16: 231,
JAREETT, I. G. (1948). J. Counc. Sei. Ind. Res.
(Aust.), 21t 311,
and FILSELL, O, H. (1960). Aust. J.
Exp. Blol. Med. Sci., 38: 347.
(1961), HNature,

190t 1114,
and POTTER, B, J. (1950)., HNature,

166: 515.

and FILSELL, Q. H.
(1952). Aust. J. Exp. Blol. Med, Sci., 30: 197.

JOHNS, A. T. (1955). N.Z. J. Sci. Tech., 3JAt 301.

(1961). Sheepfarming Ammal., Hassey

Agricultural College, P.178.

(1962). Proc. H.Z. Soc. Anim. Prod.,

22: 88.

» ULYATT, M. J. and GLENDAY, A. C, (1963).
J. Agric. Sci., 61: 201,

JOHNSON, C. M. and ULRICH, A. (1959). Cal. Agric. Exp.
Sta., Bull. T66.

KANE, E, A,, JACOBSON, W. C., KLY, R, E, and MOORE,
L. A, (1953). J. Dairy Sei., 38: 637.

KENNEDY, G. C. (1953). Proc. Royal Soc. B., WQ:s 578.

KENT, N. L. and McCANCE, R. A. (1941). Biochem. J.,
35 837.

KIDDLE, P,, MARSHALL, R, A, and PHILLIPSON, A, T.




- 165 -

(1951). J. Pnysiel., 113s 207.
KING, K. W, and MOORE, W. B. C. (1957). J. Dairy
Sei., 4Qs 528,
. KLEYBER, M. (1961). "The Fire of Iife". W¥iley:
New York.
KNOTT, J. C., PUEER, H., K. and BGDGSQS, R. B, (1936).
J. Agrio. Res., 233 555.
EEEBS, H. A. and KORNBERG, H. L. (1957). Ergeb.
Mys10l. Blol. Chem, Exp. Prarmaknl., 39: 211,
KRONFELD, D, S. (1961). Amer. J. Vet. Res., 22: 496,
, CARPERLL, L. A,, HOOPER, I. L. and
GALLIOAR, S. J. (1959). Amer. J. Vet. Res.,
£0: 430.

and SIMESEN, M. G, (1961). Amer. J.

Myutal., 2018 639.

. KRUGER, L. and MULLER, W. (1955). Zuchtungskunde,
s 17

1ANBOUREE, L. J. and REARDON, T, F. (1962). HNature,

196s 961.

(1963). Aust.

J. Agric. Res., 14: 257.
LAECASTER, R. J. (1954). N.2. J. Sei. Tech., 36A: 15.
. LARSSON, S. (1958). Acta Physiol. Scand., 323
Suppl. 115, p.t.
- LEHMANN, P. (1981), 2, Tierermahr. Futtermittelk.,
58 155.



2 ¥6b =

LENG, R. A. and ARNISON, E. P. (1963). Biochem. J.
g6: 319.

LENERIT, W. (1930). Areh. Tierernihr. Tierz., 33 361,
Cited Balch (1950).

(1932). Berl. tierarztl. Wschr., 48: 17.

Cited Baleh (1950).

and HABECK, R. (1930). Arch. Tierermahr.
Tiers., 2¢ 517. Cited Baleh (1950).

LEWIS, D. (1960). In "Digestive Physiology and
Butrition of the Ruminant”". Ed. D. Lawis,
Buttazresarthst London.

LIBDSAY, D. B. (1959). Vet. Reviews Ammots., 5: 103.

LIOYD, L. E., RUTHERFORD, B, E. and CRANPTON, E. ¥.
(1955). J. Butr., 56: 265.

BoCARTHY, R, D., SHAW, J. C., MeCARTHY, J. L.,
LAKSHMANAN, S. and HOLTER, J. B. (1958a). Prec.
Soc. Exp. Biol, Med., 99t 556.

and LAKSHMANAN, S. (1958b).
Proc. Soc. Exp. Blol. NMed., 993 560,

McCLYMONT, G. L. (1952). Aust. J. Sci. Res., 531 37%.

and SETCHELL, B. P. (1956). Aust.
J. Biol. Sei., 93 184,

B=DAGNALD, I, W, (1948). Miomham. J., 42: 584.

(1962). Proc. N.Z. Soc. Anim. Prod.,

2 79.
MoLEAN, J. W., THOMSON, G. G., JAGUSCH, K. T., LAWSON,



-'67-

B. M, and IVERSEN, C, E, (1964)., N.Z. Vet. Comf.
Massey University of Mamawatu.

MAGOUN, H. ¥,, HARRISON, F.,, BROBECK, J. R. and
BARSCH, S. ¥, (1938). J. Neurophysiol., 13 101,

MAEEIR, A. (1956). Acta Agrulia Pemxtoa, §5: 1.

(1960). J. Sei. Agric. Socc. Finlami,
32s: 39.

MANNING, R., ALEXANDER, G, I., KREGER, H. N, amd
BOGART, R. (1959). Amer. J. Vet. Res., 203 242,

MAYER, J. (1955). New England J. Med., 2i9: 13.

- (1955). Ammals N.Y. Acad. Sci., §33 15.

MELLINKOFF, S. M., FRANKLAND, M,, BOYLE, D, and
GREIPEL, M, (1956). J. Appl. Physiol., 83 535.

MELVILLE, J. (1953). Proc. N.Z. Sos. Amim. Prod.,
13 65.

MILTON, R. P. and WATERS, V. A. (1949). "Hethods of
Quantitative Micro-emalysis". Armolds London.

MINSON, D, J, (1963). J. Brit. Grassl. Soc. 18: 39.

and RAYMOND, W, F, (1957). Hurley

Anmual Report, No. 10, p.92.

» TAYLER, J. C., ALDER, F. E., RAYNOND,
W, F, and RUDMAN, J. E. (1960). J. Brit. Grassl.
Soc., 152 86.

MONTGOMERY, M. J., SCHUITZ, L. H, and BAUMGARDT, B. R.
(1963). J. Dairy Sei., 46s 1380,

EEEDHAR, J, (1942). "Blochemistry and Morphogenesis” . _




- 168 -

University Press: Cambridge.

NELSON, N. (1944). J. Biol. Chem., 153: 375.

BOACK, C. H, and TRAUTEER, E. M, (1951). Med. J.
Aust., 38: 219.

. QXPQRD, A. B. (1958). MN.Z. Sei. Review, 163 40.

OYAERT, W. and BOUCEKAERT, J. H. (1961). Res. Vet.
Sel., 23 41,

, QUI, J. L. axd CLABK, R, (1951). Omders.
J. Vet. Sei., 25 59.

PALOHEIMO, L, and MAEKELA, A, (1952). J. Sci. Agrie.

~ Soc. Finland, 2is 165,

(1959). Acta Agralia

Femnica, Qs 2.
PEARCE, P. J. (1960). Vet. Reviews Amnots., §: 53.

PENNINGTON, R. J. (1952). Biochem. J., S1¢ 251,

(1954). Biochem. J., 563 410.

PFANDER, W, H. and PHILLIPSGH, A. T. (1953). J.
Physiol., 122: 102.

PEILLIPSN, A. T, (1952). J. Physiel., 116: 84,

POTTER, B. J. (1952). HNature, 17Q: SH1.

PRITCHARD, G. I. and TOVE, S. B, (1960). BEiochim.
Biophys. Acta, 413 130.

. QUIGLEY, J. P, (1955). Ammals N.Y. Acad. Sei., §3: 6.

RADOMSKI, J,. L., FUYAT, H, N., RELSON, A, A, and
SHITH, P, K. (1950). J. Pharmacol., 100s 429.

- RAB, A, L., BARTON, R. A, and ULYATT, M, J. (1961).




- 169 -

Sheepfarming Anmual. Massey Agricultural College,
p.169.

RAE, A, L., BBOUGHAN, R. ¥., GLENDAY, A, C, and
BUTLER, G. W. (1963). J. Agric. Sei., 6§13 187.
RAYMOND, W, F., MINSON, D, J. and HARRIS, C. E. (1956).

Proc. 7'® Intermat. Gressl. Cong., P.123.
BEID, J. T. and KENNEDY, V. K. (1956). Proc. 7D
Intermat. Grassl. Cong., p.116.
, WOOLPOLK, P, G., HARDISON, ¥W. A,, MARTIN,
C. K., ERUNDAGE, A. L. and KAUMMANRN, R. ¥. (1952).
J. Bautr., 463 255,
RERID, R. L. (1950a)., Aust. J. Agric. Res., 13 182,
(1950b). Aust. J. Agrie. Res., 1t 338.
(1958). Aust. J. Agric. Res., 9: T88.
ROOK, J, A, F., BAICH, C. C, and CAMPLING, R. C.
(1960). Proec. Mute. Soec., 19: 4.

and
PISHER, L. J. (1963). Brit. J. Butr., 17t 399.

SABINE, J. R. and JOHNSQN, B, C. (1961). J. Duiry
Sed., 44: 1180.

SANAHTJA, J. C. amd BARPER, A, E. (1962). Amer, J.
Physiol., 208s 165.

SCHALK, A, P. and AMADON, R. S, (1928). XN. Dakota
Agric. Exp. Sta., Bull. 216,

SCHAMBYE, P. (1951a). HNord. Vet -Med., 3t 555.

(1951b). Nowd. Vet-Ned., 33 T48.




- 170 -

SCHARRER, K. (1941). "Biochemie der Spurenclammnte” .
Paul Parey: Berlim. Cited Schou (1957).

SCHOU, M. (1957). Puarwmsocl. Reviews, 9: 17.

SEARS, P. D, (1949). Brit. Comm. Sci. OFf. Conf.,
Nelbourne, Austrulia.

SHARE, I., MARTYNIUK, E. and GROSSHAN, M. I. (1952).
Amer, J. Physiol., 169: 229.

SHAW, J. C. (1960). In "Digestive Physiology amd
Mutrition of the Ruminant”. Ed. D. Lewis.
Buttarearths: lLondon.

SHELLENBERGER, P. R. and KESLER, E. M. (1961). J.
Anim. Sei., 208 416.

SHEPPARD, J. A. (1959). Proc. Illinois Sheepday.
Cited Blaxter (1960).

SIMESEN, M. G., BLACK, A. L., LOICK, J. R. and KLEIEER,
B, (1963). Nord. Vet-Med., 353 137.

SIMPSON, J. R. (1962). Aust. J. Agric. Res., 133 1059.

SINGLETON, A. G. (1961). J. Pnysiol., 155% 134.

SNITH, R. H. (1958)., HNature, 182: 260,

(1959). J. Agric. Sei., 58 T2.

SMITH, R. M. and OSBORNE-WHITE, W. S, (1961). Nature,
198: 868.

SOMOGYI, M. (1945). J. Biol. Chem., 16Q: 69.

(1952). J. Biel. Chem., 1953 19.

SPEREER, I., HYDEN, S. and EXMAN, J. (1953).
Lantbrhogsk. Amm., 20: 337.




- 171 =

STROMINGER, J. L. (1947). Yale J. Blol. Med., 19: 279.

and BROBECK, J. R, (1953). ¥ale
Jo. Blol, Med., 253 55.

SUTTON, J. D., MCGILLIARD, A, D, and JACOBSON, N. L.
(1962). J. Dairy Sci., 458 1357.

SYKES, J, P., CONVERSE, H. T. and MOGRE, L. A. (1955).
J. Dalry Sci., 38: 1246,

TALSO, P, J. and CLAREE, R. W. (1951). Amer. J.
Paystol., 166: 202.

TAYLER, J. C. (1959). Neture, 1841 2021.

THIN, C. and ROBERTSON, A. (1952). Biochem. J., 513 218.

THOMAS, J. W., MOORE, L. A., OKAMOTO, K. and SYEES,
J. ®., (1961). J. Dairy Sei., 44: 1471,

TILIEY, J. M. A., DERIAZ, R, E. and TERRY, R. A. (1960).
Proc. 8*® Intermat. Grassl. Cong., p.533.

TRAUTNER, E. M., MORRIS, R., NOACK, C. H. and GERSHON,
S. (1955). Kad. J. Aust., 42: 280.

TRIBE, D. E. and GORDGE, J. G. (1950). Agric.
Progress, 253 9.

ULYATT, M. J. (1960). N.Agr.Sci. Thesis. MNassey
Agricultural College.

(1962). N.2. J. Agric. Res., 5@ 121,

and BARTON, R. A. (1964). HNature, 202:

318.
USUELLI, F. (1935). Profilassi, 63 7. Cited Balch
(1950).



- 172 -

VAN ITALLIE, T. B., BRAUDOIN, R. and MAYER, J.
(1953). Amer. J. Clin. Nutr., 13 208,

and HASHIM, S.A. (1960). Amer. J.
Clin. Nutr., §: 587.

WAREER, R. G., FLATT, ¥, P, and LOGSLX, J. K. (1956).
J. Agric. Food Chem., 4: T68.

WEIR, ¥, C,, MEYER, J. H., GARRETT, W. N., LOFGREEN,
G. P, and ITTNER, N, R. (1959). J. Anim. Sei.,
18: 805.

WELLER, R. A., PILGRIM, A, P, and GRAY, P, V. (1962).
Brit. J. Nutr., 16: 83,

WILDT, E. (1874). J. lamiw., 22t 1. Cited Hydén
(1960).

WRIGHT, N. C. (1929). Agrie. Progress, 6: 7.

WYRVICMA, W, and DOBRZECKA, C. (1960). Soiemse 1323
805.

LIBRARY
MASSEY UMIVERSITY OF MANAWATU
PALJAERSTCN NCRTH, N.Z.





