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ABSTRACT

Protein arriving at the ruminant proximal duodenum consists of
microbial protein, undegraded feed protein and endogenous protein. In this
study, endogenous protein is defined as that fraction of the digesta derived
from the animal itself (e.g. enzymes, plasma proteins, sloughed cells and
mucus), not including any endogenous protein which may have been
incorporated into the microorganisms.

Recent feeding schemes (e.g. ARC 1980, 1984) require an accurate
value of the degradability of feed in the rumen. When degradability is
determined in vivo failure to account for a quantity of endogenous protein
in the proximal duodenal digesta results in an underestimate of the
degradability of a ration. Direct estimates of the endogenous protein
content of proximal duodenal digesta are therefore required. This thesis
describes the development of a method to do this and its application to
sheep and cattle.

The approach adopted, based on the concept of isotope dilution,
involved a continuous intravenous infusion of L-[4,5-—3H]—leucine. This
resulted in all body protein becoming labelled. Any label detected in the
duodenal digesta must therefore be derived from the animal itself, A
comparison of the specific activity of duodenal digesta with that of
suitable precursor proteins provided an estimate of the proportion of
duodenal digesta of endogenous origin.

Interestingly, the bacterial fraction of duodenal digesta was also
labelled. This indicated that bacteria were utilising an endogenous source
of leucine and circumstantial evidence suggested that this was derived
largely from the rumen epithelium.

The validity of the L—[4,5-3H]-leucine technique was investigated
using three sheep fed an essentially protein free diet. Values of
endogenous protein flow derived via the proposed technique (2.6 +
1.00 g N/day) were compared with those calculated by difference (2.1 +
0.92 g N/day). -



(ii)

A possible dietary influence on the endogenous protein content of
ruminant proximal duodénal digesta was examined. An estimate of 2.6 +
0.58 g N/day was derived for three sheep fed a concentrate diet and
2.1 + 0.22 g N/day for three sheep fed long hay. Thus, contrary to previous
suggestions, no significant dietary effect was observed. Possible reasons
for this are discussed.

The proposed technique was also applied to derive estimates in
cattle. A value of 11.3 + 1.73 g N/day was obtained for four steers (170 kg)
fed silage supplemented with fishmeal.

The continuous intravenous infusion of L-[4,5-—3H ]-leucine method is
the first technique to provide a direct determination of the endogenous
protein component of ruminant proximal duodenal digesta which can be

applied to any dietary regime and used in sheep and cattle.
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Chapter One

INTRODUCTION



1.1 Preamble

Ruminants have the ability due to their symbiotic relationship with
rumen microorganisms to convert low quality protein sources and non-
protein nitrogen compounds in their feed to high quality microbial protein,
which is subsequently utilised by the animal. As a result the ruminant can
consume dietary constituents unsuitable for inclusion in the rations of non-
ruminants and therefore they do not need to compete with humans or non-
ruminants for protein,

The design of a feeding scheme which operates with maximum
efficiency requires the identification of the requirements of an animal and
the matching of those requirements with the specifications of available
feedstuffs.

In order to be able to achieve this objective for ruminant species
a thorough understanding of rumen dynamies, encompassing biochemical,
nutritional and physiological parameters is required. This is in addition to
the need for a full understanding of digestive processes in the "stomach"
and intestines., This added complexity compared with non-ruminants means
it has not yet been possible to feed ruminants to particular amino acid
requirements, although this has frequently been suggested as a likely
conceptual development (Buttery, 1977; MacRae and Reeds, 1980; Thomas,
1986).

One of the needs to move towards this goal is to be able to define
accurately the degradability of a feed in the rumen. To do this requires an
accurate method of determining the quantity of endogenous protein in the
proximal duodenal digesta. This thesis describes the development of a

method to do this and its application to sheep and cattle.



1.2 Nitrogen metabolism in the rumen

1.2.1 Historical perspective

The metabolism of nitrogen in the rumen is a complex interactive
process dependent on many factors including the dietary regime and the
overall physiological status of the animal. Very significant developments
have been made in the subject during the past thirty-five years.

The classical studies of MeDonald (1948, 1952, 1954) indicated
that dietary protein was modified in the rumen and Loosli et al. (1949)
showed that microbial protein was able to meet the requirements of the
host. Annison and Lewis (1959) elucidated the main features of the
nitrogen cycle in ruminants. The requirement for quantitative data was
soon realised and the use of fistulated animals, digesta flow measurements
(Faichney, 1975; MacRae, 1974, 1975) and techniques to estimate the size
of the microbial component in duodenal digesta were subsequently
developed: e.g. Hogan and Weston (1967); Hutton et al. (1971); Smith and
McAllan (1970, 1971); Roberts and Miller (1969); Beever et al, (1974).

The application of isotope tracer kinetics, in particular the use of
15N (Nolan, 1975), provided detailed quantitative information on nitrogen
metabolism in the ruminant and included estimates of nitrogen recyeling.

The development of dynamic computer models (e.g. Black et al.,
1981) has provided a conceptual framework within which all the
determinants of metabolism and function can be accommodated
simultaneously. In order to achieve significant advancement it is necessary
to first appreciate the complexity of the animal system. The next logical
step is to develop further dynamic models repreéentative of a particular

situation and identify additional areas of research of potential importance.



1.2.2 Nitrogen metabolism

A simple scheme of nitrogen metabolism in the ruminant is
presented in Fig. 1, indicating the origins of endogenous protein nitrqgen
inputs arriving at the proximal duodenum.

The normal major fraction of dietary nitrogen is protein but a
non-protein nitrogen component including urea, amides, amines, nitrate and
‘nucleic acids may be present in significant quantities in certain conditions.
The potentially degradable dietary nitrogen and endogenous nitrogen inputs
to the rumen via the saliva and rumen wall are subject to action by
bacterial proteases and peptidases resulting in the formation of peptides
and free amino acids. The peptides and free amino acids are then available
for incorporation into microbial nitrogen, and 20-50% of the nitrogen in
bacteria may originate from this pool (Nolan, 1975). Alternatively,
peptides and amino acids may be converted to ammonia and could
subsequently be reutilised along with ammonia derived directly from the
diet to yield microbial nitrogen.

Protein nitrogen - flowing from the rumen thus consists of
microbial protein, undegraded feed protein and endogenous protein not
incorporated into microbial protein. Additional endogenous protein inputs
including enzymes, plasma proteins, sloughed cells and mucus oceur in the
Omasum and abomasum. The various endogenous protein inputs to the

ruminant digestive tract are considered in detail in the following section.
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Fig 1 A simple model of nitrogen metabolism in the ruminant

illustrating the origin of endogenous protein inputs
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1.3 Endogenous protein nitrogen inputs

1.3.1 Endogenous protein nitrogen inputs to the reticulo-rumen

1.3.1.1 Saliva

Ruminant saliva is complex in origin and composition (Phillipson
and Mangan, 1959). Many of the most important properties of the salivary
glands were discovered during physiological studies in the 19th century.
" The main paired salivary glands in the sheep are illustrated in Fig. 2 and
the details of these glands are given in Table 1. In adult ruminants the
parotid and inferior molar; palantine, buccal and pharyngeal, and
submaxillary, sublingual and labial glands are characterised as serous,
mucous and mixed glands respectively.

As the reticulo-rumen is not a secretory organ the salivary glands
are responsible for supplying the fluid input to the rumen, which is
necessary both to permit regurgitation and to allow continuous onward flow
of digesta down the gut and to encourage rapid mixing and fermentation of
the food (Kay, 1966).

The rate of saliva secretion has been considered to be largely
determined by stimuli operating on the glands via a number of reflex arcs
(Kay, 1966) and has been shown to be influenced to a large extent by the
quantity and nature of the food eaten (Balch, 1958; Wilson and Tribe, 1963).
Colin (1886) originally demonstrated that dry food stimulated the most
rapid flow of parotid saliva and that the volume of saliva added to a given
weight of food was greatest for roughage and feeds that require prolonged
chewing. The total volume of saliva secreted has been estimated as 6-16 L

pPer day in sheep (Kay, 1960) and 56 L per day (Colin, 1886) -190 L per day



Fig 2 The main paired salivary glands of the sheep (from Kay, 1960)

1.  parotid

2. submaxillary
3. inferior molar
4.  sublingual

5. buccal

6. labial

The pharyngeal and palantine glands are not shown
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(Bailey, 1961) in cattle. The latter value was reported in cows consuming a
grass diet.

Ruminant saliva is isotonic with plasma and has concentrations of
volatile fatty acid similar to those seen in the blood (Annison, 1954). Since
ruminant salia is devoid of amylase (Palmer, 1916), protease (Wegner et al.,
1940) and lipase (Garton, 1958), it is evident that ruminal digestion is
completely unaided by the action of salivary enzymes in the adult ruminant
(Kay, 1960). The average pH of sheep parotid saliva is 8.09 as secreted
(McDougall, 1948) and the major organic constituents of ruminant saliva
are protein, urea and volatile fatty acids. The protein component of saliva
is now considered in detail.

Saliva contains a number of different proteins (MecIntosh, 1975).
Lyttleton (1960) determined that saliva collected by suction in cows
contained 1.0-2.0 mg protein per ml. Saliva collected using an oesophageal
fistula was shown to consist of a mixture of high molecular weight mucin
(essentially carbohydrate in nature) and proteins of molecular size 30,000
to 80,000 (see Clarke et al,, 1974). Analysis of ovine submaxillary
glycoprotein (Gottschalk and Simmonds, 1960) indicated equimolar amounts
of N-acetylneuraminic acid and N-acetylgalactosamine, linked to a poly-
peptide chain in which the amino acids serine, threonine, glycine and
proline predominated. = N-acetyneuraminic acid is the mucoprotein
constituent of saliva that is responsible for its viscous nature (Hungate,
1966). The main physiological funection of ovine submaxillary mucoprotein
to cover foodstuffs with a lubricant layer of mucus, facilitate swallowing
and protect teeth and the cells lining the upper digestive tract against
injury, was considered closely related to its high intrinsic viseosity (Pigman
and Gottschalk, 1966). Ovine submaxillary gland mucoprotein was found to

be susceptible to trypsin (Gottschalk and Fazekas, 1960).



Analysis of the lower molecular weight proteins found in bovine
saliva, using polyacrylamide gel electrophoresis (MecIntosh et al., 1982),
identified eleven protein bands. This analysis formed part of an extensive
investigation on the genetics of the susceptibility to bloat in cattle (Clarke
et al,, 1974) and followed the illustration by Mangan (1959) that the
mucoprotein of saliva aspirated from under the tongue in cattle was a
powerful foaming agent and may contribute to the stability of foam in the
rumen. Further studies have shown that a group of three proteins, referred
to as band 4, are present as a major component only in cows of high bloat
susceptibility (Clarke et al., 1974). Meclntosh (1975) provided evidence that
band 4 is affected by diet. Interestingly, it was originally demonstrated in
humans and other mammals that salivary proteins can be induced by a
change of diet (Squires, 1953). In an attempt to identify characteristic
protein bands, band 6 of adult cows and heifers cross-reacted with bovine
serum albumin antisera (MeIntosh, 1975).

Phillips and Mangan (1959) observed that in the case of
submaxillary saliva, protein nitrogen may be present at five times the
concentration of urea nitrogen, depending on the type of stimulation.
Residual saliva and submaxillary saliva were shown to have a higher
concentration of protein nitrogen than parotid saliva and inflation of the
rumen was shown to cause an increase in the mucoprotein content of
submaxillary saliva. The responses of the submaxillary gland to feeding
were shown to vary with the nature and consistency of the food and values
of 15 g protein nitrogen per day were predicted to enter the rumen of an
adult cow. An investigation on the flow and protein content of parotid
saliva (Brightling et al., 1977) provided evidence that when sheep ate

freshly provided food there was a greater volume of parotid saliva and its
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protein content also increased. Futher studies have concerned the
elucidation of the mechanism of this phenomena (Patterson and Titchen,
1979; Patterson and Titchen, 1980; Patterson et al., 1982). The purpose of
the increased secretion of protein is obscure. Parotid salivary protein has
been shown to include four major fractions with molecular weights ranging
from about 25,000 to 150,000 and the proportions of these proteins have
been found to change on feeding (Voigt et al.,, 1980). A recent
investigation (Froetschel et al.,, 1986) on the effects of slaframine, an
agent which stimulates the release of gastrointestinal tract seeretions
without affecting cardiovascular function observed a decrease in salivary
protein and N-acetylneuraminic acid concentrations with increased saliva
flow rates. Clearly the situation is complex.

A consideration of the functions of ruminant saliva in relation to
protein metabolism indicates that salivary nitrogen could make an
important contribution to the rumen when the intake of dietary nitrogen
was low. The concentration of urea in saliva is affected by the rate of
secretion (Somers, 1961a) but on a long-term basis is determined by the
concentration of urea in blood. Blood urea in turn depends on the nature of
the diet, in particular on the concentration of ammonia in the rumen
(Lewis et al., 1957). Phillipson and Mangan (1959) suggested that salivary
protein may also play a similar role to urea in that it can be an internal
source of nitrogen for the rumen microorganisms and indicated the
metabolism of salivary mucoprotein by the rumen microorganisms in rumen
liquor during feeding periods. This potential ability to recycle nitrogen is
illustrative of a remarkable adaptation by ruminants to seasonal
inadequacies which may occur in their diet. The process enables digestible

crude protein to be synthesised from otherwise waste urea and also



11

stimulates microbial fermentation of poor fodder, reduces bulk and

retention time of undigested food and thus enhances appetite.

1.3.1.2 Rumen epithelium

a. Physiological considerations

The stratified squamous epithelium of the reticulo-rumen
constitutes up to 1% of the body mass of sheep and cattle (Chalupa, 1972)
and is extremely metabolically active. The cells of the basal and
transitional layers contain large numbers of mitochondria, and high
activities of lactate, malate, succinate and butyrate dehydrogenases and
carbonic anhydrase are evident (Sakata et al., 1980b). The rate at which
the rumen is renewed may be of significance in the productivity of the
ruminant since its constant turnover represents a significant loss of energy
and protein (Webster, 1980). The keratinised cells of the rumen epithelium
possess fine outward projections of the cell membrane and are coated with
polysaccharide (Fell and Weekes, 1975). Rumen papillae extend the surface
area approximately seven times in domestic cattle and the extent of
vascularisation can be compared with that of an intestinal villus (Warner
and Flatt, 1965). Goodlad (1981) indicated that the rumen epithelium can
alter its tissue mass in a variety of ways, namely by changing the fraction
of basal cells that are proliferating, changing the time taken for cell
division and adjusting cell transit times. An epithelium with a high mitotic
rate and a slow rate of transit will tend to be relatively thick.

Initial considerations suggest that the maturation of the rumen
and development of the papillae depends on the nature of the food eaten
and this has been confirmed. Goodlad (1981) determined the mean turnover

time of the rumen epithelium in sheep, using [3H]-thymidine as 10.9 days
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in animals fed a concentrate based diet, 16.5 days in roughage fed animals
and 4.3 days in the transition period between the two diets, Estimates of
cell turnover in the gastrointestinal wall of sheep using [6-3H]-thymidine
(Rowe and James, 1982) suggested that the amount of cell synthesis in the
rumen epithelium is affected by the physical form of the diet and may
represent approximately 3% of total body cell production.

A consideration of the regulation of growth in the rumen
epithelium is an interesting phenomenon with nutritional and pathological
consequences. If the rates of cell division and turnover are disturbed,
pathological conditions such as hyperkeratosis, parakeratosis and rumenitis
may occur (Fell and Weekes, 1975). Hormonal and nutritional factors that
influence the intestine and gastric epithelium may also influence the rumen
epithelium. At a molecular level the differentiation of cells is poorly
understood and mechanisms acting at numerous levels in the metabolism of
cells may have a role in this process (Cooper and Lipkin, 1973).

It is thus evident that epithelial proliferation is not absolutely
related to a direct action of coarse or fibrous feeds but may depend on a
more complicated secondary stimulation. The postulated role of volatile
fatty acids acting via a hormonal mechanism (Sakata et al., 1980a) is

considered in the discussion (section 6.4).

b. The role of bacteria adherent to the rumen epithelium

Direct observations of the stratified squamous rumen epithelium
by electron microscopy (Bauchop et al., 1975) have shown that the highly
keratinised distal cells are subject to digestion by adherent bacteria.
Cheng et al. (1979) defined an adherent population in the rumen, which was

Intermittent, occasionally very extensive and taxonomically heterogenous.
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The predominant bacterial population of the rumen epithelium, gram
positive cocci, were not restricted to the lumenal surface of the epithelial
cells, but were also found in the intercellular spaces and even between the
superficial cells and the underlying tissue (Dinsdale et al., 1980).

The bacterial flora of the rumen may be considered as three
taxonomically and functionally distinet populations: rumen fluid bacteria,
feed particle associated bacteria and bacteria adherent to the rumen
epithelium. The subpopulations of bacteria in the rumen are illustrated in
Fig 3. The rumen fluid and feed particle associated bacteria have been
extensively studied but evidence for the existence and function of the
adherent epithelial population has only recently been examined. The
existence of a distinet population of bacteria adherent to the rumen
epithelium suggests that this population has developed in response to
specific factors in this ecological niche. The functions of the bacteria

adherent to the rumen epithelium inelude:

Tissue recycling

Electron microscopy of highly keratinised distal cells of the
stratified squamous epithelium has shown that the cells colonised by
bacteria often occur in 'pits' produced by their own digestive activity and
whole distal cells have frequently been seen to be subject to digestion by
invading adherent bacteria. Mead and Jones (1981) observed cavities in the
rumen epithelium, containing bacteria, as a result of exfoliation of distal
epithelial cells, In vitro studies indicated that the epithelial cells were
rapidly broken down once they were released into the rumen (Dinsdale et
al., 1980).

This process of tissue recycling benefits the host in that dead

cells are recycled and the absorptive capacity of the rumen wall is



Fig 3

Diagram showing the subpopulations of bacteria in the rumen 14

Bacteria occur in the rumen fluid as individual cells and as slime-
enclosed microcolonies, they adhere to food particles, and they
adhere to the distal cells of the stratified squamous epithelium of
the rumen itself (from Cheng et al., 1979)
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enhanced facilitating the movement of metabolites. The adherent bacteria
derive several advantages from attachment to the tissue surface. For
example, they may be protected from digestion by ciliate protozoans or
avoid being washed out of the rumen. Also they may gain easy access to
substrates, due to continual movement of the rumen wall and the transport

of metabolites through the epithelium (MeCowan et al., 1978).

Urea metabolism

Cheng et al. (1979) observed that the adherent population
produced urease and that the sloughing of heavily colonised distal epithelial
cells accounted for the urease activity of rumen fluid. The entry of urea
into the rumen via the rumen epithelium has been shown to increase when
the rumen ammonia concentration decreases (Kennedy and Milligan, 1978a)
and an apparent inverse relationship has been observed between urease
activity and rumen ammonia concentration (Chalupa et al., 1970).

Cheng and Wallace (1979) proposed a model based on that of
Houpt (1970) to describe the mechanism of the passage of endogenous urea
through the rumen wall and the role of ureolytic epithelial bacteria on the
urea flux. It was suggested that feedback control is mediated by the effect
of rumen ammonia on urease activity. Thus at high rumen ammonia levels,
removal of urea by urease from the inner surface of the rumen wall is
slower than at low concentrations of rumen ammonia, and therefore the
rate of diffusion across the rumen wall is reduced.

The adherent bacteria are thus vital components in the process of
recycling of endogenous urea nitrogen and may also control the rate at

which it occurs (Wallace et al., 1979).
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iii) Oxygen scavenging

iv)

The adherent bacteria are envisaged to contribute to the
maintenance of fastidious anaerobic conditions for the obligate anaerobes
within the rumen. Cheng et al. (1979) identified 34 out of 160 strains of

adherent bacteria isolated to date as facultative anaerobes.

Proteolytic activity

This specifie bacterial population has been shown to be highly
proteolytic and to contribute more than 10% of the total protease activity
of rumen fluid (Dinsdale et al., 1980).

The bacteria adherent to the rumen epithelium thus appear to
play an important role in the metabolism of the rumen and the ruminant

(Cheng et al., 1979).

1.3.2 Endogenous protein nitrogen inputs to the omasum and abomasum

Initial observations on endogenous protein nitrogen inputs to the
omasum and abomasum were made in surgically modified animals equipped
with abomasal pouches. Masson and Phillipson (1952) noted that the
dilution of omasal contents by gastric juice was such that gastrie juice was
the greater in volume of the two components which formed the abomasal
contents. Hill (1960) considered the abomasum to correspond morpho-
logically and functionally to the gastric secretory stomach in other
animals., Harrison and Hill (1962) in studies with animals fitted with a
gastric pouch in the pylorie region of the abomasum, observed a continuous
secretion of a clear viscous fluid, which contained strands of visible mucus

and clumps of desquamated epithelial cells. This secretion amounted to
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5-6 litres per day in a 50 kg sheep and 30 litres per day in a 400 kg steer
(Hill, 1961). The passage of food to the abomasum was continuous and a
continuous abomasal secretory activity was observed, dependent on the
nature and physical characteristics of the diet and on the frequency of
feeding.

Relatively recent work by Harrop (1974) indicated that protein
was the major nitrogenous secretory component of both the fundie and
pyloric regions of the abomasum, amounting to 0.5-2.8 g of nitrogen per
day, derived mainly from the fundic region of the abomasum.

There is a lack of accurate information concerning the overall
protein composition of ruminant abomasal secretions. The protein
constituents in human gastric juice have been relatively well defined by
chemical and electrophoretic means and include: specific gastric proteins
such as the proteolytic enzymes; non-proteolytic enzymes; visible and
dissolved mucus; blood group substances; various binding and inhibiting
factors; and plasma proteins such as albumin, o-2-~ macroglobulin,
transferrin, immunoglobulins and a few « and B-globulins (Schulze and
Heremans, 1966; Glass, 1968). Immunological analysis of proteins in in vivo
neutralised human gastric juice has provided evidence that gastrie juice
contains some 'intrinsic' protein in addition to that derived from the serum.
Glass (1968) identified a glycoprotein, gastrone, which was identical to a
similar protein in saliva and had the mobility of a beta-2-globulin.

Campbell (1961) investigated the passage of plasma albumin into
the lower gastrointestinal tract of sheep using intravenously infused
131[I]-llslbelled albumin and identified the physiological secretion or
exudation of plasma albumin into the jejunum, This input was calculated to

be approximately 13% of the total nitrogen entering the small intestine.
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Recent studies by Dargie and Berry (1979) using 125[I] and
51[Cr]—labelled plasma proteins, as part of studies investigating the

pathogenic effect of liver fluke (Fasciola hepatica) in sheep, obtained

estimates of albumin lost into the gut per day of 1.4 g on a normal crude
protein intake (150 g/day) and 0.9 g on a low-protein diet (60 g/day).
Rothschild et al. (1970) indicated that the most important aspect in the
regulation of albumin synthesis is nitrogen intake, although synthesised
hormones may also play a role.

Titchen (1984) indicated the complexity of the control of gastric
secretion in ruminants. Gastrin may be involved in a trophic action on the
gastrointestinal mucosal mass which has been demonstrated in other
animals (Johnson, 1980).

Mucus enters the gastrointestinal tract prior to the proximal
duodenum via saliva, respiratory and nasal sources and in abomasal
secretions, Mucus is secreted in a gel-like form with a discernible
structure (Florey, 1955) and can be separated from the fluid phase by
mechanical means such as filtration (Heatley, 1959). Soluble mucins
present in gastrointestinal secretions are almost certainly derived from the
gel-like mucus. The rate at which this change of visible mucus into soluble
mucins oceurs is increased in the presence of certain enzymes abundant in
the small intestine. The soluble mucin appears to be relatively resistant to
digestion by these enzymes. However, microbial enzymes are effective in
degrading it and little nitrogen in soluble mucins derived from mucus is

excreted in the faeces (Hecker, 1973).
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1.4 The assessment of the protein requirements of ruminants

1.4.1 Development

The measurement of digestible erude protein (DCP) originally
formed the basis of the method most widely used to assess the protein
requirements of ruminants and the extent to which feeds meet these
requirements. The simple concept of the DCP model was that the nitrogen
available to the animal was given by the nitrogen intake minus the nitrogen
excreted in the faeces. This clearly did not accurately represent the
actual situation, It was considered that since equal intakes of DCP from
different sources neither promoted the same absorption of amino acids
from the small intestine, nor the same production of growth, wool or milk
in animals, this simple approach must be abandoned.

The ARC (1965) adopted the available protein system. This was
based on the determination of the amount of crude protein of a defined
biological value that would have to be absorbed from the digestive tract to
meet the calculated requirements of the tissues.

The theoretical limitations of these concepts were evident. The
extensive degradation of dietary protein in the rumen and its incorporation
into microbial protein was ignored. Also the observation that faecal
nitrogen consists largely of undigested microbial protein and the failure to
link protein requirement to total energy intake indicated the need for new
proposals.

Recent schemes by ARC (1980, 1984) estimate the flow of protein
to the duodenum from a constant microbial yield of nitrogen related to
dietary energy intake and a variable contribution from dietary protein

passing undegraded through the rumen (see section 1.4.2). The ARC (1980)
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proposals included a strong recommendation that "the new approach should
be regarded as a conceptual framework for future research efforts and a

means of focussing attention of those factors for which data are required",

1.4.2 The principle of the ARC (1980, 1984) scheme

In ruminants and other animal species the protein requirements of
the tissues are met by the amino acids absorbed from the small intestine.
In an ideal system it is necessary to be able to define the amino acid
requirement and accurately relate this requirement to the diet. The
situation is complex in the ruminant due to the potential microbial
manipulation of dietary input. Protein arriving at the small intestine in
ruminants consists of microbial protein, dietary protein which has escaped
degradation in the rumen and endogenous protein (see section 1.2.2). The
degradability of a dietary protein is ideally defined (ARC, 1980) as
1 - (dietary protein entering the duodenum/dietary protein consumed). The
undegraded dietary protein thus supplements the mierobial and endogenous
protein and any representative scheme needs to consider these components.

The principle of the ARC (1980) protein scheme originally
proposed by Roy et al. (1977) is summarised below.

The amount of rumen degraded protein (RDP) that is required by
the rumen microorganisms for maximal microbial growth from a particular
energy input is estimated. This is calculated from the intake of apparently
digested organic matter and values taken from the literature of the
proportion of apparently digested organic matter that is apparently
digested in the rumen and the efficiency of microbial protein synthesis.

The protein supplied to the tissues by the rumen microorganisms

is then determined. This is calculated as RDP multiplied by the proportion
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of total microbial nitrogen as amino acid nitrogen, the apparent absorption
of microbial amino acid nitrogen in the small intestine and the efficiency
of utilisation of absorbed microbial amino acid nitrogen.

The tissue protein requirement of the animal for a particular
productive process is determined and compared with the protein supplied
by the rumen microorganisms. If the protein supplied by the rumen
microorganisms is in excess of the tissue requirements the RDP
requirement is the minimum protein requirement of the animal and no
further calculation is required. If the protein supplied by the rumen
microorganisms is less than the tissue requirements the deficit must be
provided by protein from undegraded dietary protein (UDP). The UDP
requirement is calculated as the protein deficit divided by the product of
the efficiency of utilisation of absorbed dietary amino acid nitrogen and
the apparent absorbability of dietary amino acid nitrogen in the small
intestine. The minimum ecrude protein needed by the animal is the sum of
the RDP and UDP requirements, if the degradability of the dietary protein
allowed it to exactly supply the RDP and UDP required.

The formulation of diets thus requires a value for the
degradability of the various constituents so that RDP and UDP can be

matched to the requirement of the animal. The accurate determination of

the degradability of a dietary protein is a major practical problem.

1.4.3 The determination of the degradability of dietary protein

An accurate definition of the problem is not difficult. An ideal
expression for the degradability of a diet has been previously defined
(section 1.4.2). The ARC (1980) adopted a theoretically technically

feasible, but biologically imprecise, oversimplified expression to evaluate
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dietary protein degradability (Fig 4, equation a). Inaccuracies which occur
when neither endogenous protein nitrogen nor ammonia nitrogen
components of duodenal digesta are recognised were accepted. More
precise equations to determine degradability are included in Fig 4, b and e.
Essentially, the use of the most accurate expression, equation ¢, has been
confounded by lack of quantitative data concerning the actual endogenous
protein nitrogen in the duodenal digesta under a particular dietary regime
and level of intake.

Even when considered the endogenous protein nitrogen contri-
bution has been assumed to be equal to a constant proportion of dietary
protein intake (Satter and Roffler, 1977). Roy et al. (1977) considered it to
be equal to the amount of ammonia nitrogen that would need to be
absorbed from the rumen to result in equal values for degradation of
dietary nitrogen and synthesis of microbial nitrogen. As a result of recent
studies elucidating the complex relationship between diet and the urea
component of endogenous nitrogen input into the rumen (Kennedy and
Milligan, 1980a) and between ammonia absorption and concentration in the
rumen (Kempton et al., 1979) it was considered (Kennedy and Milligan,
1980b) that these assumptions are unlikely to be valid for the entire range
of diets given to ruminants. Failure to recognise the endogenous
component leads to an underestimate of degradability (see section 1.5).

A classification of foods based on a range of degradability
estimates was proposed by the ARC (1980) (see Table 2). Clearly this
represented only a starting point as individual values were not defined and
the range within a classification was quite large. Despite a considerable
research effort involving various techniques to determine protein

degradation the ARC (1980) concluded that it was not possible to predict
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Fig. 4 Equations proposed to determine the degradability of

dietary protein

Total duodenal nitrogen - Microbial nitrogen

flow (g/day) flow (g/day)
a. Degradability = 1-
Nitrogen intake (g/day)
Duodenal protein nitrogen - Microbial nitrogen
flow (g/day) flow (g/day)
b.  Degradability = 1 -

Nitrogen intake (g/day)

c. Degradability

Duodenal protein nitrogen - Microbial nitrogen - Endogenous protein
flow (g/day) flow (g/day) nitrogen flow (g/day)

Nitrogen intake (g/day)



24

Table 2 The proposed classification of feeds based on the extent of
protein degradation in the rumen (from ARC, 1980)
Range of Protein
Class degradability Forages Cereals supplements
A 0.71-0.90 Grass hay Barley Casein
Legume hay Wheat gluten
Grass silage (wilted and Groundnut meal
unwilted) Sunflower meal
Artificially dried grass Soya bean meal
(chopped) (unheated)
Rapeseed meal
Field bean meal
Yeast protein
B 0.51-0.70 Grass (fresh or frozen) Maize Soya bean meal
Legumes (fresh or frozen) (cooked)
Artificially dried grass Lupin meal
(ground and pelleted) Coconut meal
Artificially dried legume
(except sainfoin)(chopped)
(Maize silage)
(Clover silage)
Cc 0.31-0.50 Artificially dried legume Milo Zein
(ground and pelleted) Casein (formal-
dehyde treated)
Fish meal
D 0.31 Grass silage (formaldehyde

treated)
Artificially dried sainfoin
(chopped)
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the extent of protein degradation for a particular feed with any degree of
precision.

The extent of degradation in the rumen under practical feeding
conditions may be considered a function of rate of proteolysis and rumen
retention time (Tamminga, 1979). A massive research effort has been
directed towards the accurate determination of degradability. It has been
estimated using in vivo ahd in vitro methods.

In vivo studies are expensive, time consuming and tend to be
hindered by technical difficulties. Estimates derived from such studies are
nevertheless considered the most reliable. However, very often no direct
determination of the endogenous protein nitrogen contribution is made.
Also, the quantification of the microbial contribution is dependent on the
microbial marker and different markers vary (Ling and Buttery, 1978;
Siddons et al., 1982) and also show a degree of variability within the same
marker (Siddons et al., 1982).

The use of in vitro techniques has been extensively examined and
is generally based on the estimate of the proportion of nitrogen which goes
into solution after incubation at body temperature for a fixed time.
Various solutions have been applied as incubation media: rumen fluid
(Little, 1963); diluted NaOH (Lyman et al., 1953); artificial saliva (Wohlt et
al., 1973); autoclaved rumen fluid (Wohlt et al., 1973); proteolytic
enzymes (Beever et al.,, 1977; Chamberlain and Thomas, 1979b;
Krishnamoorthy et al., 1983) and water at various temperatures (Mertens,
1977).  Broderick (1978) attempted to combine values of protein
degradation and rumen turnover resulting in estimates of degradation rate,

Mehrez and Orskov (1977) obtained a direct measurement of

protein degradation by incubating a sample of the feedstuff in a Dacron
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bag directly in the rumen. In a recent review (Williams, 1986) it was
concluded that "currently no laboratory method is capable of predicting in
vivo degradability with any degree of accuracy".

It would appear fundamental that the precise determination of
protein degradation in vivo is a prerequisite to the validation of a rapid in
vitro technique. At present, lack of direct information concerning the
endogenous protein nitrogen contribution may have a significant effect on
in vivo degradability estimates. The potential importance of a significant

endogenous protein nitrogen input is considered in the next section.

1.5 The importance of the accurate assessment of the endogenous
protein nitrogen content of proximal duodenal digesta

Protein arriving at the proximal duodenum consists of mierobial
protein, undegraded feed protein and endogenous protein (see section
1.2.2). The potential importance of a significant endogenous protein
nitrogen component in duodenal digesta has been widely recognised (see
Phillipson, 1964; Siddons, 1985a and below). However, in the absence of a
technique for its direct accurate determination it has either been ignored
or an assumed or derived value used in dietary degradability calculations.
Previous estimates of the endogenous protein nitrogen flow are discussed in
section 6.3.

Smith (1979) in diseussing new information required for proposed
feeding schemes (ARC, 1980), recognised the requirement to equate
essential amino acid supply entering the small intestine with demand and
the need to predict this from easily measurable properties of the diet.
Information on the entry of endogenous protein into the digestive tract and
how it varies with diet, level of intake, hormonal status and species was
considered necessary for an improved theoretical understanding and

greater practical precision.
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MacRae and Reeds (1980) considered that in order to make any
systematic study of degradability and capture of non-protein nitrogen,
especially if the long term aim was a study of the dynamies of rumen
fermentation, there was little alternative but to develop methods which

could estimate the endogenous nitrogen contribution anterior to the

duodenum,

The amount of endogenous protein secretion could alter quite
considerably degradability estimates. Evidence is now acecruing that the
endogenous protein nitrogen flow may be as high as 6 g protein nitrogen per
day in sheep (MacRae and Reeds, 1980). This is considerably greater than
the 1-2 g protein nitrogen per day originally proposed (Phillipson, 1964).
The importance of this greater value is that conventional degradability
estimates of lucerne of 45% (ARC, 1980) could in fact be as high as 81% if
6 g of the duodenal protein nitrogen was endogenous protein rather than
undegraded dietary nitrogen. As some of the endogenous protein will be
degraded to ammonia the actual degradability is probably between 45 and
81%. The overall effect of an underestimate of the degradability of a diet
leads to a supply of excess rumen degradable protein and a reduction in the
supply of undegraded dietary protein to the small intestine. This could lead
to a reduced performance in fast growing beef animals and high yielding
dairy cows (Wilson and Strachan, 1980). Excess rumen degradable protein
may also be responsible for some of the metabolic disorders associated
with early lactation (Webster et al., 1982).

MacRae and Reeds (1980) also indicated a further concept of a
significant endogenous protein nitrogen input, that of a futile cyele
(Fig 5). If dietary nitrogen intake was 16 g per day and duodenal protein

nitrogen flow was 17 g per day, conventional analysis of the data would
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The concept of a futile eycle of endogenous protein nitrogen

Fig 5
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indicate that there was negligible loss of protein nitrogen anterior to the
proximal duodenum, However, if a significant input of endogenous protein
was occurring, say 6 g protein nitrogen per day, then the net amount of
protein nitrogen derived from the diet (either microbial or undegraded feed
protein) was actually 11 g protein nitrogen per day, which is considerably

lower than the value assumed.

In order to relate the profile of available amino acids to a
particular requirement it is necessary to have some measure of the amino
acid requirements of the animal. The futile cycle phenomena may provide
a possible explanation as to why researchers who have tried to measure
uptake of amino acids in the portal vein have failed to account for all the
amino acids which disappear from the small intestine (see MacRae and
Reeds, 1980). Absorption may be measured by difference between the
duodenum and the ileum or by amino acid uptake in the hepatic portal
venous blood. The latter approach is technically difficult but it is clear
from the data available that much less amino acid appears in the hepatic
portal venous blood than disappears from the small intestine. The
difference between the two methods may be due to a significant
endogenous protein contribution. Information concerning the endogenous
protein input and factors influencing this input are thus required to
improve the accuracy of the prediction of absorption of amino acids and

hence the requirements of the animal.
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1.6 The determination of the endogenous protein content of
ruminant proximal duodenal digesta

1.6.1 The problem

As explained previously values for the endogenous protein content
of ruminant proximal duodenal digesta are required for animals fed
different conventional rations. In this investigation endogenous protein is
defined as that fraction of the total protein arriving at the proximal
duodenum derived from the animal itself, not including any endogenous
protein which may have been incorporated into the mieroorganisms.

Previous attempts to determine endogenous protein secretion in

ruminants have included:

The analysis of the protein nitrogen content of gastric secretions in

surgically modified animals (Phillipson, 1964; Harrop, 1974).

The determination of total duodenal digesta protein flow and mierobial
protein flow in animals fed purified diets; hence the endogenous protein
component has been determined by difference (see Kaufmann, 1977). As
the microbial component is the major fraction of the total duodenal digesta

protein a large error is introduced into this calculation.

The development of 15N tracer kinetics in the study of nitrogen
metabolism in ruminants has generally resulted in 'indirect' estimates of
total endogenous protein secretion (Nolan and MacRae, 1976; Kennedy and
Milligan, 1980b; Siddons et al., 1985a). They have as yet failed to account
for the fraction metabolised by the rumen microorganisms. An exception

is the study of Brandt et al. (1981).
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iv) The application of the intragastric infusion technique (Orskov et al., 1979).

V)

The examination of the amino acid profiles of the various components of

the duodenal digesta (Evans et al., 1975).

Merits and faults of these methods are discussed in detail in
section 6.3. In this investigation an alternative method is proposed which
attempts to determine directly the endogenous protein content of proximal

duodenal digesta in animals fed conventional diets.

1.6.2 The proposed technique

An alternative technique is proposed using the concept of isotope
dilution,

The development of isotopic tracer techniques, including the use
of labelled amino acids, has enabled major advances to be made in the
quantitative study of metabolism. To be of use isotopic tracers must
behave physically and chemically exactly as their natural counterparts,
The use of modern sensitive equipment for the detection of radioactivity
means that the dose can be relatively small in relation to the number of
natural atoms and consequently does not influence the system under
investigation. Biological systems may be considered biochemically as an
assortment of pools or compartments each made up of identical molecules
enclosed by physical boundaries. The dynamic equilibrium of body pools
which tend to remain constant in size while undergoing replacement by
input equal to output is defined as the 'steady-state'. The tracer can be
delivered to a compartment of a biological system via a single dose or by

continuous infusion.
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The theoretical concept of a continuous infusion is considered
with reference to Fig 6. During a continuous infusion of an isotope to a
biological system serial measurement of the specific activity of a
'precursor' compartment (A) in that system yields a rising curve which
approaches a horizontal asymptote. The curve can often be described by a

single exponential equation: y = A(l - e'kt) (Waterlow and Stephen, 1967)

where,
y = Specific activity
A = Plateau specific activity
k = Rate constant
t = Time

Serial sampling from a product compartment (B) results in an exponential
curve which achieves a lower specific activity than the 'precursor'
compartment (A). A comparison of the specific activity profiles of these
compartments enables the proportion of input to compartment B which is
derived from compartment A to be calculated. This general principle was
applied in the present study to determine directly the endogenous protein
content of proximal duodenal digesta.

The approach adopted involved a long term intravenous infusion of
a labelled amino acid. This resulted in all body proteins becoming labelled.
Any label detected in the duodenal digesta must therefore be derived from
the animal itself. It was envisaged that a comparison of the specific
activity of duodenal digesta with that of a suitable precursor protein would
provide an estimate of the proportion of duodenal digesta of endogenous
origin. This method does of course require a detailed knowledge of the
components of the endogenous secretions and of their changes in specific

activity,
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Fig 6 The specific activity profile of precursor (A) and product (B)
compartments determined during a continuous infusion of

a labelled amino acid

o

A Precursor

B Product

Specific activity (dpm/pmol)

Infusion time

Area under curve B

Arca under ourve A = Fraction of B derived from A
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It was considered possible that microbes arriving at the duodenum
may become labelled as a result of the incorporation of any of the label
entering the digestive tract. Any label taken up by the bacteria or
protozoa can be corrected for following isolation of a sample of the
microbial component of the digesta. The shape of the digesta curve
corrected for a labelled microbial component (corrected digesta curve) was
very important.

The shape of the specific activity profile of the corrected digesta
represents a combination of the various endogenous inputs (i.e. enzymes,
plasma proteins, sloughed cells and mucus). The specific activity profile of
each of these components has a characteristic shape. The identification of
a suitable precursor representative of endogenous secretions is not
straightforward. In the consideration of an extreme situation endogenous
inputs could for example be all enzymatic secretions or all plasma protein
type materials, It was envisaged that the identification of a suitable
precursor taken to represent either enzymes or plasma proteins must
provide a range of estimates for the proportion of duodenal digesta of
endogenous origin,

Thus saliva, which could be readily obtained, was considered to
have a specific activity profile equivalent to endogenous input such as
enzymes (see discussion, section 6.1.2). Plasma protein was considered to
have a specifie activity profile representative of intestinal secretions such
as albumin/globulins (see discussion, section 6.1.2). Rapidly turning over
proteins (e.g. enzymes) would be expected to have a higher specific
activity than their slower turning over counterparts (e.g. plasma proteins).
Therefore a comparison of the specifie activity profile of corrected digesta

with that of saliva provided a minimum estimate of the proportion of
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duodenal digesta of endogenous origin. Similarly, a comparison of the
specific activity profile of corrected digesta with that of plasma protein
gave a maximum estimate of the proportion of duodenal digesta of
endogenous origin.

The difficulty is choosing which precursor to use or indeed the
relative proportions of several precursors. Some information on which to
make this decision could be obtained by comparison of the shapes of the
change in specific activity of the endogenous component of the digesta
with that of the likely precursors. This thesis describes a method of doing
this,

The tracer used in these studies was L-[4,5—3H]—leucine.

L-[4,5-3H ]-leucine was chosen as the investigatory amino acid because:

Leucine has virtually no metabolic role other than protein synthesis,

The tritium label on the 4,5-position effectively follows the intact carbon
skeleton (see Fig 7), since the label is lost during degradation of the

molecule and rapidly equilibrates with the water pool.

Leucine is a stable amino acid.

1.6.3 Summary of preliminary investigations

The suggestion that the endogenous protein component of
ruminant proximal duodenal digesta may ultimately be quantified directly
via a continuous intravenous infusion of L-[4,5—3H]-leucine was initially
proposed and examined by Peter J. Buttery and John V. Nolan at the
University of New England, Armidale, Australia, in 1982. Initial

investigations indicated that the technique had considerable potential to
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enable the endogenous protein component of proximal duodenal digesta to

be determined directly.

1.6.4 Thesis objectives and plan

The investigations were designed initially to verify and ultimately
to apply the proposed intravenous infusion of L-[4,5-3H]-1eucine
technique to determine directly the endogenous protein content of
ruminant proximal duodenal digesta. The validity of the proposed
technique was examined using sheep fed an essentially protein free diet.
The method was then applied to investigate any dietary effect on the
endogenous protein component of proximal duodenal digesta in sheep fed
either hay or a concentrate ration. Estimates were also derived for steers
fed a diet of silage supplemented with fishmeal.

The merits and drawbacks of the method are critically examined

in the discussion chapter. Potential ways of improving the method are also

considered.



Chapter Two

MATERIALS AND METHODS

This section contains details of materials and general methodology
common to all experiments. Specific aspects of experimental design and
procedure are included in the relevant results section. Except where
indicated, all chemicals were obtained from Fisons Scientific Apparatus
Ple., Loughborough, Leics.,, and were of analytical grade wherever

appropriate.

Radiochemicals were obtained from Amersham International Ple.,

Amersham, Bucks, and were used without further purification.
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2.1 Experimental diets

Formulation of experimental diets was calculated according to
the recommendations detailed in MAFF (1975).

Preparation of experimental diets was wundertaken in the
Experimental Mill of the University of Nottingham School of Agriculture.
Routine analysis of diets was performed in the Analytical Laboratory,
Department of Applied Biochemistry and Food Science, according to the

methods of the AOAC (1975).

Initial silage analysis was provided by ADAS and later specific
toluene corrected dry matter values determined at the Animal and

Grassland Research Institute (AGRI), Hurley.

2.2 Experimental animals

All animals used in the study were equipped with a rumen cannula
and a proximal duodenal T-piece cannula. At least 3 months elapsed
following surgery before introduction to any experimental regimes. During
this time the animals were housed in traditional pens and offered
maintenance diets. Animals were wormed during this period using an
appropriate anthelmintie preparation (sheep-Nemicide, ICI Plec., Maccles-
field, Cheshire; steers, Panacur, Hoechst UK Ltd, Milton Keynes).

In order to facilitate adaption and ease of sample collection
during the actual experimental period, all animals were routinely handled,
accustomed to sampling and maintained for short periods in metabolism
crates. Approximately one week before the experimental period animals

were gradually adapted to the experimental ration and were then
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transferred to metabolism crates. Throughout the experimental period
they were maintained under constant light, Water was available ad
libitum. Feed was provided via an automatic continuous feeding system,

each animal receiving approximately one twelfth of its daily ration at 2

hourly intervals.

2.3 Synopsis of experimental protocol

A general outline of the experimental protocol routinely adopted
is given in Fig 8.

Digesta flow markers were intraruminally infused to determine
the flow of digesta constituents. L-[ 4,5-3H]-leucine was intravenously
infused to label the body proteins. Samples of rumen fluid, duodenal
digesta, saliva and plasma were taken at regular eight hour intervals during
the eight day intravenous isotope infusion periods. The amount of label
incorporated in various fractions was determined. Measurements of the

microbial protein nitrogen flow were determined using DAPA and 15N as

markers.

24 Cannulation of the jugular veins

A cannula (intravenous cannula set, internal diameter 1.0 mm,
Portex Ltd.) was inserted into each jugular vein oné day before the start of
the isotope infusion. One cannula was used to infuse the isotope and the
other to sample the blood. The neck of the animal was shaved around the
jugular vein. and the area thoroughly washed with the skin sterilant
chlorhexidene (0.5% in 70% spirit). A small piece of adhesive tape was

fastened to the cannula at the point of entry into the jugular vein. The
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Fig. 8 Routine experimental protocol
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Cannulation of the jugular veins
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duodenal digesta, saliva and plasma to
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steer experiment only)

Urine collection to day 11 (initial sheep

experiment only)

12 x 2 hr duodenal digesta samples
pooled for digesta flow determination

(steer experiments only)

End intraruminal marker infusions.
Samples of rumen fluid taken for Cr
decay determination

End intravenous infusion of L-[4,5—3H]-

leucine
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cannula was then secured in place using a suture through the tape and skin.
The cannulae were then trained along the back of the animal and firmly
secured in position. The infusion cannula was extended with sterile
manometer tubes (Letrocath, 150 cm, internal diameter 2 mm, Vygon,
France). A peristaltic infusion pump (Miniplus 2, Gilson, France) and
proportioning tubing (Chemlab Instruments, England) were used to deliver
the infusate via 0.86 mm diameter infusion tubing (Portex UK Ltd, Hythe,
Sussex) at a constant rate. All tubing was flushed with chlorhexidene and
rinsed with sterile water immediately prior to the infusion. The cannulae

were successfully maintained throughout the eight day duration of the

experimental period.

2.5 Infusion of L-[4,5-3H ]-leucine

The L-[4,5-3H]-leucine and carrier leucine were injected into
550 ml sterile saline bags (Viaflex, Travenol Laboratories Ltd, Norfolk,
England) in the sterile environment of a laminar flow cabinet. The carrier
leucine solution was autoclaved before administration and was included at
a concentration equivalent to that in plasma. The saline bags were
routinely prepared and replaced each day and the exact volume delivered

determined by the change in weight.

2.6 Sampling of body fluids

All sampling was carried out at regular eight hour intervals
throughout the eight day infusion period. After initial processing all

samples were stored at -15°C.
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2.6.1 Rumen digesta

Strained rumen fluid (SRF) samples were obtained by suction using
a sampling device (see Fig 9) and a 60 ml syringe. Initially 40 ml were
withdrawn and returned to the rumen in order to flush the sampler. A
50 ml portion was then withdrawn, transferred to a 50 ml polythene
centrifuge tube and retained in ice prior to fractionation (see section

2.6.3). The pH of SRF was obtained immediately after collection (Pye

Model 78 pH meter, Cambridge).

2.6.2 Duodenal digesta

Duodenal digesta was collected by gravity from the T-piece
cannula. The cannulae were inserted in the proximal duodenum on the
latero-ventral side of the abdomen. At each sampling interval the first
10 ml of digesta was discarded as being unrepresentative. Approximately
80 ml of digesta were then collected with sheep and 120 ml during steer
experiments, the exact volume depending on specific sample requirements.
Samples were thoroughly mixed and a 50 ml portion taken for the isolation

of the microbial fraction (see section 2.6.3). The remainder of the digesta

was frozen and freeze dried.

2.6.3 Fractionation of digesta samples

Freshly collected fully mixed duodenal digesta and strained rumen
fluid were treated as follows to obtain a microbial fraction, using a
modification of the method as deseribed by Mathers and Miller (1980).

A 50 ml sample was initially centrifuged (MSE Model 18, MSE Ltd,

London) to obtain a microbial fraction (1000g, 3 min, 4°C). The
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intraruminal infusion tubing
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Table 3 Composition of McDougall's Buffer (MeDougall, 1948)
Salt g/litre
NaHCO3 9.80
NazHPO4.12H20 9.30
NaCl 0.47
KCl1 0.57
CaCl, (anhydrous) 0.04
MgCl, (anhydrous) 0.06

McDougall's Buffer was prepared and stored at 0°C. During the
preparation the CaCl2 was dissolved in approximately 50 ml of DW, added
to the mixture already in a volume of 900 ml and the volume made up to

1 litre, Immediately before use the buffer was gassed with CO, until the

pH was 6.8.
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supernatant was decanted into a 50 ml polythene centrifuge tube and
centrifuged (35,000 g, 30 min, 4°C). A portion of clear supernatant was
immediately acidified (0.2 ml of 10M HC1 to approximately 25 ml of SRF),
frozen and retained at -15°C for ammonia determination and chromium
analysis, The pellet was resuspended in McDougall's buffer (MeDougall,
1948) (Table 3) and centrifuged again (35,000 g, 30 min, 4°C). The
washings were discarded and the bacterial pellet immediately frozen and
freeze dried (EF4 Modulyo freeze drier, Edwards High Vacuum, Crawley,

Sussex). Routine microscopic examination of the pellet identified a pure

bacterial fraction.

2.6.4 Isolation of protozoal fraction

The initial pellet obtained during fractionation of strained rumen
fluid samples was resuspended in 100 ml of McDougall's buffer (pH 6.8,
Table 3) and added to a separating funnel incubated in a water bath (39°C).

The suspension was deoxygenated and agitated with N o gas and then 15 min

allowed for separation, . The lower protozoal fraction was collected in a
polythene centrifuge tube and the remainder discarded. The protozoal
fraction was returned to the separation funnel and the procedure repeated

twice. Final protozoal fractions were shown to be pure when examined by

light microscopy.

2.6.5 Saliva

A saliva sample was collected using a simple suction system
(Fig 10) incorporating a metal tube which was placed in the buccal cavity

between the lower mandible and the cheek. Approximately 10 ml of saliva
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Fig 10 Schematic diagram of saliva collection apparatus
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were collected, immediately centrifuged (25,000 g, 4°C, 15 min) to remove

feed particles, desquamated cells and bacteria, and frozen.

2.6.6 Plasma

All tubes were rinsed in heparinised saline (37.5 IU/ml). A sterile
10 ml syringe was used to withdraw blood via the sample cannula. An
initial 5 ml was withdrawn and discarded. A further 10 ml was withdrawn
and the plasma isolated by centrifugation (1000 g, 10 min, MSE Centaur 2,

bench centrifuge). The sample cannula was flushed with 10 ml sterile

heparinised saline.

2.7 Amino acid analysis

2.7.1 Amino acid analysis of protein fractions

The routine procedure and initial stages of sample preparation are

detailed below (see Table 4).

2.7.1.1 Routine procedure

All protein fractions were hydrolysed under reflux at 110°C for
22 hr in 6 MHC1. A quantity of DL-norleucine (Sigma Chemicals Co.,
Poole, Dorset) was used as an internal standard (see Table 4 and section
2.9). The whole hydrolysate or an appropriate aliquot were rotary
evaporated to dryness under reduced pressure at 37°C (Bachi, Rotavapor
R110, Switzerland) and the dried residue washed three times with distilled
water (approximately 5 ml) to ensure removal of all tritiated water. The
final residue was dissolved in lithium loading buffer (pH 2.2) (Table 5),

filtered prior to analysis (0.2 um, cellulose nitrate, Millipore UK, London)
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Table 5 Composition of LKB lithium loading buffer, pH 2.2
Constituent per litre
Citric acid.HZO 9.6 g
LiOH.HZO 8.4 ¢g
Phenol 1.0 g
Thiodiglyeol 20 mi
HCI1 (SG 1.16) 16 ml
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and stored at 1°C. A quantity of an external standard B-2-Thienyl-D,L-
alanine (TEA) (Sigma Chemical Co., Poole, Dorset) was added to the final
residue (Table 4) (see section 2.9 for comments). Internal and external
standards were included at appropriate concentrations to give peak areas
on the chromatogram similar to those of the amino acids in the sample.
The amino acid concentrations of all protein fractions were
analysed on the LKB 4400 automatic amino acid analyser (LKB
Instruments, London). A modified program was developed to allow rapid
determination of isoleucine, leucine, norleucine and TEA concentrations

where full amino acid profiles were not required (see Appendix 1).

2.7.1.2 Sample preparation

(a) Diets

Appropriate weights were hydrolysed, filtered, made up to a

known volume, an aliquot taken and prepared as indicated in Table 4,

(b) Duodenal digesta, rumen and duodenal microbial fractions

A known weight of dry duodenal digesta (approximately 0.4 g) and

rumen/duodenal mierobial isolates (approximately 100 mg) were hydrolysed
(see Table 4). A fraction of the final residue dissolved in Li* buffer was

used for DAPA analysis. Further dilution of the sample was required for

amino acid determination.

(c) Salivary protein

A 5 ml portion of saliva was dialysed (Dialysis tubing, Medicell
International, London) for 24 hr against two changes of distilled water

(approximately 5 litres). The dialysed saliva was assumed to be devoid of
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free amino acids, peptides and salts. A 4.0 ml portion of the dialysate was

hydrolysed.

(d) Plasma protein

Plasma proteins were isolated by precipitation with trichloro-
acetic acid (TCA) (20% w/v). A 2.0 ml sample of plasma was placed in a
50 ml polythene centrifuge tube and 2 ml of TCA (20% w/v) added. The
contents were thoroughly mixed and allowed to stand in ice for 30 min.
~ After centrifugation (1000 g, 10 min) the supernatant was discarded and
the pellet washed twice in TCA (20% w/v). DL-norleucine (Sigma
Chemicals Co., Poole, Dorset) (5 ml of 10 mM) was added to the final
pellet, the pellet resuspended and washed into a round bottom flask with

50 ml 6 MHCL.

2.7.1.3 The recovery of L-leucine after acid hydrolysis

The recovery of L-leucine (Sigma Chemicals Co., Poole, Dorset)
after acid hydrolysis has been routinely assessed in this laboratory and
found to be satisfactory. An exact weight of digesta (0.2 g), containing
approximately 30 pmol leucine, was assayed separately in the presence of
added leucine (5-10 pymol). The extra leucine content was determined and
expressed as a percentage of the leucine added. The mean (+ SEM, n = 6)

recovery of leucine was 100.7 + 0.73%.

2.7.2 Analysis of plasma free amino acids by pieric acid precipitation

The concentration of plasma free amino acids was determined by
precipitation of the protein with picric acid. The picric acid was removed
by anion exchange chromatography and analysis then carried out using a

split stream automatic analyser.



52

2.7.2.1 Preparation of anion exchange resin column for

removal of picric acid

A suspension of Dowex AG-2X8 resin (Biorad, USA) was prepared in
1M HCl. The resin, supported by glass wool, was poured into a glass
chromatograph column sufficient to form a resin bed 50 x 8 mm. The fines
were removed and the column washed with approximately 50 ml of

deionised water until the pH of the effluent was greater than 4.

2.7.2.2 Sample preparation

A 3.0 ml sample of plasma was placed in a 50 ml polythene
centrifuge tube, DL-norleucine (0.4 ml, 1 mM) added as an internal
standard, then frozen and freeze dried. Picric acid (10 ml, 1% w/v) was
added to the freeze dried residue, the contents thoroughly mixed and
allowed to stand at 4°C for 1 hr. The mixture was centrifuged (1000 g,
10 min) and the supernatant poured onto the previously prepared anion
exchange column. The mixture was allowed to pass down the column and
the effluent collected in a round bottom flask. A further 10 ml of pieric
acid was added to the centrifuge tube, the pellet resuspended, and the
procedure repeated. The column was then washed with 5 ml of 0.02M HCI,
The effluent from the column was rotary evaporated (37°C) to dryness and
washed three times with distilled water to remove any tritiated water.
The washed dry residue was dissolved in 2.0 ml of lithium sample buffer

(pH 2.2) (Table 5).

2.7.2.3 The recovery of plasma free leucine

The recovery of L-leucine after plasma protein precipitation with

picric acid has been routinely determined in this laboratory and found to be
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satisfactory. A volume of 3.0 ml plasma containing approximately
0.35 pmol leucine, was assayed separately and in the presence of added
leucine (0.1-0.2 pmol). The extra leucine content was determined and
expressed as a percentage of the leucine added. The mean (+ SEM, n = 6)

recovery of leucine was 101.9 + 1.49%.

2.7.2.4 Preparative amino acid analysis for the separation and

determination of L—[415-3H ]-leucine specific activity

in plasma free amino acid preparation

Radioactively labelled leucine was isolated and collected using a
split stream ion exchange chromatographic technique, based on the use of a
modified Evans Electroselenium (EEL) Model 294 amino acid analyser
(Halstead, Essex) fitted with a Locarte autoloader, timers and column
(Locarte Co., London). Details of the system are presented in Fig 11 and
Table 6. The peristaltic pump (Miniplus 2, Gilson, France) was adjusted to
deliver a known quantity (approximately 80%) of the total flow from the
column to the fraction collector (Ultrovac 2070, LKB Instruments, S.
Croydon, Surrey). The flow rate from the column was routinely checked
and the proportion delivered to the fraction collector determined for each
run, A known volume of sample (approximately 0.5 ml) and TEA (0.2 ml,
1 mM) were loaded onto the column via the Locarte autoloaders, and the
split stream fraction collected between 80-110 min after loading which
represented the elution of counts in the leucine region. Fractions were
collected directly into secintillation vials (Hughes and Hughes, Romford,
Essex) and approximately 5 ml of a xylene-based scintillant (Optiphase X)
added. The corresponding peaks on the recorder chart from the
colorimetric reaction with ninhydrin appeared between 100-130 min and

were integrated directly.
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Table 6 Details of split stream amino acid analyser
Model type EEL Model 294
Resin Aminex A5 (Biorad, USA)

Column height
Column diameter
Column temperature
Buffer

Buffer run time
Regneration time
Equilibration time
Buffer pressure
Ninhydrin pressure
Buffer flow rate
Ninhydrin flow rate

Fraction collection time

200 mm
9 mm
29°C
Lithium 3.65
110 min
20 min
60 min
12-14 Kp
213-220 Kp
0.64 ml/min
0.5 ml/min

1.5 min
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2.8 Determination of radioactivity

During the present study radioactivity present in the protein
fractions was shown for all practical purposes to be associated only with
leucine. A hydrolysed sample was counted directly (see below) and also
after isolating the leucine fraction of an equivalent volume of the same
hydrolysate using preparative amino acid analysis (section 2.7.2.4). The
activity associated with the leucine fraction was compared with that of the
- total hydrolysate. No activity was detected in any other amino acid
fraction. The mean (+ SEM, n = 8) recovery of radioactivity corresponding
to leucine was 98.0 + 0.78.

Appropriate samples of protein hydrolysates (0.2-1.0 ml) were
transferred to scintillation vials, scintillant added (10 : 1 v/v, scintillant :
sample), the vials shaken and radioactivity subsequently determined.
Radioactivity in all samples was determined by liquid scintillation counting
using a Tri-Carb 4640 counter (Packard Instrument Company Ine., USA).
Samples were compared against an external standard, automatically
corrected for quenching and finally expressed as disintegrations per

minute (dpm).

2.9 Determination of specific activity

The specific activity (dpm/pmol) of a sample was determined as
the ratio of the radioactivity : leucine content in the final sample.
Radioactivity was determined directly as described in the previous section.
The leucine concentration was determined using internal and external
standards (Table 4). The internal standard DL-norleucine was used to

estimate the concentration of leucine in the original sample. The external
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standard TEA, added to the final residue, was used to determine the
amount of leucine in the sample applied to the preparative column, in order

to calculate the specific activity.

dpm
leucine concentration (TEA)

Specific activity (dpm/pmol) =

The leucine content of all protein hydrolysates was analysed using an
LKB 4400 automatic amino acid analyser (LKB Instruments, London)
. (section 2.7.1). Plasma free leucine was analysed on the EEL analyser

(section 2.7.2.4).

2.10 Dry matter flow determination

2.10.1 Development of methods

Classical techniques in ruminant nutrition have often employed
lignin as a suitably inert internal marker. Dry matter flow is calculated
from the lignin intake and the concentration of lignin in the digesta.
Recent attempts to determine dry matter flow more precisely concern the
use of the dual-phase marker technique (Faichney, 1975). During the
period of this investigation considerable developments have been made in

this laboratory concerning the method of dry matter flow determination.

2.10.2  Preparation of digesta flow markers

2.10.2.1 Liquid phase marker — Chromium EDTA (Cr-EDTA)

Cr-EDTA was prepared as described by Binnerts et al. (1968). A
suspension of 40 g disodium diaminoethanetetra-acetic acid (EDTA) in

600 ml distilled water (DW) was added to a solution of 28.4 g Cr'Cl3 in
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400 ml distilled water. The mixture was boiled for 1 hr, allowed to cool
and excess EDTA removed by the addition of 8 mls 1 M CaClz. The pH was
adjusted to 7.0 by dropwise addition of 40% (w/v) NaOH, the solution
filtered (Whatman No. 1 filter paper), and made up to 1 litre with distilled
water,

Chromium was infused at a rate of 250 mg Cr per kg dry matter

intake.

© 2.10.2.2 Solid phasemarkers

(a) Ruthenium phenanthroline

The ruthenium (ii) phenanthroline complex was prepared as
described by Tan et al. (1971). Ruthenium chloride xH,0,3g, (Johnson
Mathey Chemicals, Royston, Herts), 2.16 g of potassium chloride, 480 ml
absolute alcohol and 420 ml 0.2M HCl were added to a 5 litre round bottom
flask along with antibumping granules and refluxed for 20 min. The
mixture was cooled, the apparatus converted to distilling mode and a
distillate volume of 480 ml collected. The flask was again cooled, 8.4 g of
1,10 phenanthroline hydrate and 2.1 g of sodium hypophosphite added, the
condenser returned to reflux mode, and the contents further refluxed for
4 hr, swirling occasionally. The final solution was allowed to cool, filtered
and made up to 600 ml with distilled water.

Ruthenium was infused at a rate of 20 mg Ru per kg dry matter

intake.

(b) Ytterbium acetate

A solution of ytterbium acetate (Rare Earth Products Ltd,

Widnes, Cheshire) was prepared as described by Siddons et al. (1985b).
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Ytterbium was infused at a rate of 50 mg Yb per kg dry matter intake.
The ytterbium acetate was dissolved in distilled water and infused

separately from the Cr-EDTA solution.

The digesta flow markers were intraruminally infused for a period
of 4-5 days prior to the commencement of the intravenous infusion and
sampling regime, in order that equilibrium concentrations be achieved (see
Fig 8). A primer dose of half the daily dose was administered at the onset

of the intraruminal infusion (Weston and Hogan, 1967).

2.10.3  Analysis of digesta flow markers

2.10.3.1 Determination of chromium concentration in liquid samples

The chromium concentration of infusate solutions, rumen and
duodenal fluids and urine was determined directly by atomic absorption
spectrophotometry (Varian AA-1275, Japan). The operating conditions of
the instrument are outlined in Table 7. Standards were prepared from
potassium dichromate over an appropriate range dependent on the
concentration of chromium in the samples. Calibration curves were

consistently linear.

2.10.3.2 Determination of chromium in oven dry duodenal digesta samples

Chromium in digesta was extracted by a procedure similar to that
described by Christian and Coup (1954) modified by Siddons et al. (1985b).
Approximately 0.5 g of digesta was ashed in a conical flask at 550°C for
16 hxi and 6 ml digestion acid (250 m1 orthophosphoric acid (880 g/L), 50 ml
manganese sulphate (100 g/L), 250 ml concentrated sulphuric acid per litre)

added to the ash. The mixture was heated to boiling and 3 ml potassium
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Table 7 Operating conditions of Varian 1275 atomic absorption
spectrophotometer
Chromium Ytterbium
Wavelength 357.9 nm 398.8 nm
Spectral band pass 0.1 nm 0.5 nm
Fuel acetylene acetylene
Support nitrous oxide nitrous oxide

Lamp

7 mA

7 mA
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bromate solution (45 g/L) added. Heating was continued until the solution
turned a deep purple and white fumes evolved after which the mixture was
heated for a further 3 min and then allowed to cool. After diluting to
100 ml with distilled water, the chromium content was measured using

standards of potassium dichromate, dissolved in digestion acid (60 ml/L).

2.10.3.3 Determination of ruthenium and chromium in solid duodenal

digesta by x-ray fluorescence spectrophotometry (XRFS)

(a) Preparation of samples

Freeze dried duodenal digesta was finely ground and individual
samples pooled on an equal weight basis to provide four replicates per
animal, Portions of pooled digesta (4.0 g) were compressed into self
supporting discs using tungsten carbide plattens, in a 32 mm die, using a
hydraulic press adjusted to deliver 10 tonnes pressure. The discs were
prepared without a briquetting aid. Developments in the application of
the dual phase marker technique and increased sample availability sub-
sequently resulted in an improved method of digesta preparation (see

section 2.10.3.4 a)

(b) Preparation of standards

Duodenal digesta was collected from the sheep fed the
experimental ration prior to the commencement of the infusion. The
digesta was frozen, freeze dried and finely ground and a series of 4.0 g
portions weighed into plastic bottles to which increment volumes of
infusate were added to produce a calibration curve. The standards were

frozen, freeze dried, thoroughly mixed and prepared into dises.
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(e¢) Operating conditions of XRFS

The procedure adopted was based on that of Evans et al. (1977)
incorporating a Phillips all-vacuum x-ray fluorescence spectrophotometer
(XRFS) PW 1400. The operating conditions of the instrument are outlined
in Table 8. This analysis was carried out for the author at the Department

of Geology, University of Nottingham.

2.10.3.4 Determination of ytterbium concentration in solid digesta

The method adopted is based on that used routinely at the AGRI,

Hurley, as described by Siddons et al. (1985b).

(a) Preparation of samples

Steers were sampled for duodenal digesta every 2 hr over a 24 hr
period and individual samples bulked on an equal volume basis. The pooled
digesta was thoroughly mixed and subsequently fractionated to obtain fluid
rich (FR) and particle rich (PR) components. An appropriate portion of the
pooled digesta was cetrifuged (1500 g, 10 min) and a particle rich fraction
obtained (PR), the resulting supernatant removed, and added back to the
original pooled digesta (FR)-. Samples were frozen and freeze dried.

Triplicate portions (approximately 0.53 g) of finely ground freeze
dried fractionated digesta samples were accurately weighed into 50 ml
Pyrex glass bottles (Fisons Scientific Apparatus, Ple.) and dried overnight
at 100°C. Dry matter was determined and the samples then ashed at
550°C in a muffle furnace for 16 hours. After cooling the ash was
extracted with 10 ml of 0.46 M HNO3 containing 1000 ppm potassium (as
potassium chloride) for 24 hr on a rotary shaker (Model G-33, New

Brunswick Scientific Co., New Jersey). The mixture was centrifuged



Table 8 Operating conditions of Phillips PW 1400 XRFS for
ruthenium and chromium analysis in whole duodenal

digesta samples

Ruthenium Chromium

Counter scintillation scintillation
Counting time (secs)

Peak 80 40

Background 40 +ve/-ve 40 -ve
Angle (20°C)

Peak 69.34 16.31

X-ray tube Chromium Rhodium

Tube voltage (kv) 80 50

Tube current (mA) 25 60

Collimator Fine Fine

(Lithium fluoride 200 crystal)
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(1000 g, 10 min) and the supernatants analysed using atomic absorption
spectrophotometry (see Table 7 for operating conditions) against the
standards prepared as indicated in the following section.

Sheep digesta was prepared in exactly the same manner except
samples were pooled over a 5 day period and the resultant supernatant

from the PR fraction was not added back to the FR digesta.

(b) Preparation of standards

Standards used in the analysis of samples must be matrix
matched. Thus for each dietary regime blank digesta was obtained prior to
the marker infusion. The blank digesta was fractionated, frozen, freeze
dried and ground in an identical manner to the samples.

Quadruplicate samples of blank digesta (approximately 0.53 g) of
PR and FR fractions were prepared and appropriate volumes of a ytterbium
solution (50 pug/ml) and distilled water added to give a final concentration
range of 0-9 pug Yb/ml (see Table 9). Standards were mixed by gently
shaking and then dried and extracted exactly as the samples. Attention
was directed to ensure sample weights corresponded to standard weights in
order to maintain a similar digesta : acid ratio and hence maximise matrix
matching.

Infusion solutions were diluted in nitric acid/DW to obtain a final
concentration of 0.46 M HNO3 1000 ppm potassium and were analysed

against a set of standards prepared in 0.46 M HNO3 1000 ppm potassium,

2.10.3.5 Determination of lignin in duodenal digesta and diet

The method was based upon that of Van Soest (1963).
Approximately 1 g of air dried sample was weighed into a 600 ml beaker

and 100 ml of 1% cetyltrimethyl ammonium bromide (10 g CTAB in 1L
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Table 9 Preparation of ytterbium standards
Approximate Volume Volume Extraction Final
weight of ytterbium acetate Dw volume concentration
blank digesta solution (50 ug Yb/ml) added of acid ytterbium
(g) added (ml) (m1) (ml) (pg/ml)
0.53 - 5 10 -
0.53 0.6 4.4 10 3
0.53 1.2 3.8 10 6
0.53 1.8 3.2 10 9

Appropriate volumes of ytterbium acetate solution (50 pg Yb/ml)

were added to approximately 0.53 g of freeze dried blank digesta, mixed,

dried, ashed and extracted with acid as described in the text (section

2.10.3.4 a)
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of 0.5 M H2804) solution added. The mixture was gently refluxed for 2 hr,
using a round bottom flask as a condenser. The contents of the beaker
were then filtered under vacuum through a weighed, sintered Pyrex
crucible (porosity No. 1), the residue washed three times with hot distilled
water and allowed to air dry. The crucible was then placed in a suitable
receptacle and sufficient 26.8 M H,80, added to cover the residue. The
contents were stirred with a glass rod and the acid allowed to slowly
perculate throught the sinter for 3 hr, adding acid when required to keep
the residue covered. The crucible was then returned to the suction flask,
the acid removed, and the residue washed with warm distilled water to
remove all traces of acid. Samples were dried overnight at 100°C, cooled
in a dessicator, weighed, and ashed at 550°C for a minimum of 4 hr. The

crucibles were cooled and reweighed.

Calculation:
% detergent _ (weight of crucible + residue) - (weight of crucible + ash) x 100
lignin Sample weight

2.11 Determination of the proportion of microbial protein in
duodenal digesta

2.11.1  2,6-Diaminopimelic acid (DAPA) determination

DAPA was routinely used as a microbial marker in all
investigations. The technique was based on the original method of Hutton

et al. (1971), modified by Ling (1976).

Calculation:

Bacterial nitrogen flow _ DAPA flow X Bacterial N%
(g/day) (g/day) Bacterial DAPA%
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2.11.1.1 Acid hydrolysis

Appropriate weights of rumen microbial and duodenal digesta
samples were hydrolysed, rotary evaporated and prepared as indicated in

section 2.7.1.

2.11.1.2 DAPA analysis

A simple amino acid analyser was constructed as described by
Ling (1976) (see diagram Fig 12 and Table 10, details of analyser system).
A constant sample volume was loaded on the column, eluted with pH 3.3
citrate buffer and peak areas obtained from the linear output by weighing
the cut out peaks. A series of DAPA standards (0.12-0.36 pmol) (Sigma
Chemicals Co., Poole, Dorset) were routinely analysed and the standard
curve obtained was consistently linear.

As a routine procedure an exact weight of digesta (0.2 g),
containing approximately 0.15 pmol DAPA, was assayed separately and in
the presence of added DAPA (0.1-0.3 pmol). The extra DAPA was
determined and expressed as a percentage of the DAPA added. The mean

(+ SEM, n = 6) recovery of DAPA was 101.1 + 1.24%.

2.11.2 [15N ]-labelled diammonium sulphate (15N) determination

For comparative purposes 15N in addition to DAPA was employed

as a microbial marker in the major steer investigation.

2.11.2.1 Preparation of infusate

15y

.
?

A combined solution of 15(NH 4)250 4 (7% atoms enrichment

200 mg 15N/day) prepared using 98% and 5% atom enrichment
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Table 10 Details of analyser system used for diaminopimelic
acid (DAPA) analysis

Resin Aminex A5 (Biorad, USA)
Column height 125 mm
Column diameter 9 mm
Column temperature 50°C
Buffer Na citrate pH 3.30
Regeneration 0.2 M NaOH
Buffer pressure 80-120 lb/in2
Buffer flow rate 1.10 m}/min
Diluent and ninhydrin flow rate 1.10 ml/min
Reaction eoil 17 m at 100°C
Colorimeter Vitatron (Fisons) Filter 410 nm
Recorder Vitatron (Fisons)
Chart speed 0.25 em/min

Reagent composition

Buffer pH 3.30

Constituent per litre
Sodium citrate ' 196 g
Polyoxyethylene lauryl ether 0.33 g
Thiodiglycol 5 ml
Caprylic acid 0.1 ml

Acid ninhydrin

Constituent per litre
Ninhydrin 25¢g
Glacial acetic acid 600 ml

Orthophosphoric acid (0.6 M) 400 ml
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15(NH SO, and Yb acetate (50 mg Yb per kg dry matter intake) was
4

4)2
intra-ruminally infused during days 6 to 11 of the experimental period (see
Fig 8). The Yb acetate was dissolved in DW, filtered (0.2 pm, cellulose
nitrate, Millipore UK, London), 15(NH 4)280 4 added and the final solution
stored at 1°C. Prior to the infusion samples of 'blank' duodenal digesta and

rumen microbes were obtained (see sections 2.6.1-2.6.3) and stored at

_15°Cc

2.11.2.2 Sample preparation and analysis

Samples for 15N duodenal digesta non ammonia nitrogen (15NAN)
enrichment and rumen microbial 1°N enrichment determination were
prepared according to the methods of the United Nations International
Atomic Energy Agency (see IAEA (1975) and Siddons et al. (1985c)). The
nitrogen content of the rumen microbial samples was determined using a
Carlo Erba NA 1500 (Erba Science UK Ltd) nitrogen analyser and microbial
15N and duodenal digesta I5NAN % enrichments were analysed using a
mass spectrometer (VG MM622, VG Isogas Ltd). This analysis was carried

out at the AGRI, Hurley.

Calculation:
a. Proportion of microbial N _ % enrichment duodenal NAN
in duodenal NAN % enrichment microbial N

b. Microbial N flow (g/day)

a. x total duodenal NAN flow (g/day)
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2.12 Organic matter determination

An accurately determined oven dry weight of sample was placed
in a pre-weighed Vitreocil crucible (Fisons Scientific Apparatus Ple.) and
ashed in a muffle furnace at 550°C for 16 hr. The sample was cooled in a

vacuum dessicator and reweighed.

Calculation:

Organic matter % = 100 - % Ash (AOAC, 1975)

2.13 Modified acid detergent (MAD) fibre determination

Approximately 1 g of air dried sample was weighed into a 600 ml
beaker, 100 ml 1% CTAB solution added (10 g CTAB in 1 L of 0.5MH2804)
and the mixture gently refluxed for 2 hr. The contents of the beaker were
filtered under vacuum through a weighed sintered erucible (porosity No. 1),
the residue washed three times with hot distilled water and acetone and
then sucked dry. The samples were finally dried overnight at 100°C,

cooled and reweighed.

Calculation:

Extracted sample weight (g)
Dry sample weight (g)

% MAD fibre = x 100
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2.14 Nitrogen analysis

2.14.1 Total nitrogen

2.14.1.1 Solids

The nitrogen content of diets, digesta and rumen microbes was
determined using the micro-Kjeldahl technique (Tecator Digestion System
20, Bristol).

An accurate amount of a representative sample (0.1-0.5 g) was
digested in 10 ml of concentrated sulphuric acid (SG 1.84) with a copper
based catalyst (Kjeltab CK, Thompson and Cooper Ltd, Runcorn, Cheshire)
at 420°C. The samples were heated for a further 20 min after the
formation of a green digest and then removed from the heating mantle,
The addition of a small volume of DW (approximately 20 ml) during cooling
prevented the digests solidifying. The solutions were then made up to a
final volume of 100 ml with DW and subsequently diluted to a final

ammonia nitrogen concentration of 5-25 pug NH3.N per ml,

2.14.1,2 Saliva nitrogen

A 5.0 ml portion of saliva was dialysed as described (section
2.7.12.3), retained in dialysis tubing and digested with 2 ml of concentrated

sulphuric acid (as above). The digest was made up to 50 ml.

2.14.1.3 Glycine standards

As a routine procedure two glycine standards (0.1 g) were
analysed with each batch of samples digested. The mean (+ SEM, n = 6)

recovery of glycine nitrogen (18.66 g N per 106 g sample) was 99.9 + 1.30%.
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2.14.2 Determination of ammonia nitrogen content of digests

The ammonia nitrogen content of the digests was determined by
the phenol-hypochlorite reaction (Davidson et al., 1970) on a Technicon
Autoanalyser (Technicon Instruments Co. Ltd, Chertsey, Surrey). According
to the sample dilution an appropriate range of ammonium sulphate
standards (5-25 pg NH3.N per ml) were prepared with an equivalent
concentration of acid and catalyst. A consistently linear standard curve

was obtained.

2.14.3 Ammonia nitrogen

2.14.3.1 Rumen fluid

Appropriate dilutions of acidified rumen fluid samples, obtained
during preparation of the microbial fraction (section 2.6.3), were analysed
against ammonium sulphate standards prepared in distilled water, on a

Technicon Autoanalyser (see previous section).

2.14.3.2 Duodenal digesta

A representative sample of digesta was accurately weighed
(approximately 0.2 g), thoroughly mixed with 5.0 ml of 0.2M HC]l, incubated
at 4°C for 1 hr and centrifuged (1000 g, 10 min). The supernatant was
diluted 1 : 10 with DW and analysed for NH,.N as above against standards

prepared in a 0.02M HCI,



EXPERIMENTAL PROCEDURES AND RESULTS

All data presented were statistically analysed using the computer package
called GENSTAT (GENSTAT V, 1984, 4.04B, Lawes Agricultural Trust,

Rothamstead Experimental Station).

Three levels of significance were routinely adopted, p <0.05, p<0.01 and

p<0.001 in order of increasing statistical significance.
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Chapter 3

A COMPARISON OF THE ENDOGENOUS PROTEIN FLOW CALCULATED

USING THE INTRAVENOUS INFUSION OF L—[4,5-3H ]-LEUCINE
TECHNIQUE, WITH VALUES DETERMINED BY DIFFERENCE IN
SHEEP FED AN ESSENTIALLY PROTEIN-FREE DIET

3.1 Introduction

Protein nitrogen arriving at the small intestine in ruminants fed
conventional rations consists of undegraded feed, microbial and endogenous
components., Several techniques have been developed in order to quantify
the microbial component (section 1.2.1). If the undegraded feed component
is not present then the endogenous protein leucine flow can theoretically
be estimated by difference from the duodenal digesta total leucine flow
and the duodenal digesta bacterial leucine flow.

The aim of this experiment was to compare the value for the
endogenous protein leucine flow derived using the proposed intravenous
infusion technique with that obtained by difference when feeding an
essentially protein-{ree diet. (i.e. when the undegraded feed component of

the digesta was very small),

3.2 Experimental animals

Three Suffolk cross wethers (A, B, C) approximately 40 kg in
weight, each equipped with a 37 mm rumen cannula and an 11 mm proximal
duodenal T-piece cannula were used in this_ experiment. Throughout the
experimental period the animals were housed in metabolism crates, within

a controlled environment (24 hr light). Water was available ad libitum.
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3.3 Experimental diet

The composition of the essentially protein-free diet and the
proximate analysis are given in Table 11. The complete ration (800 g
freshweight per day) was provided in a peletted form via an automatic
feeder which delivered one twelfth of the ration at 2 hr intervals. Previous
experiments using ruminants fed an absolute protein-free diet have
frequently encountered problems with inappetance due to the unpalatable
nature of the diet. In certain instances these difficulties have been
overcome by the direct input of diet into the rumen via the rumen fistula
(Maeng and Baldwin, 1976). However, it is desirable with isotope tracer
kinetic techniques that steady-state conditions exist within the rumen.
This could not be achieved with the manual input of feed refusals to the
rumen. Thus small amounts of degradable components, barley and
grassmeal, were included in the ration. There were no feed refusals

throughout the duration of the experiment.

3.4 Experimental procedure

The basic experimental protocol concerning animal management,
time-scale of digesta flow marker and isotope infusions and sampling
routine is given in Fig 8. Specific 