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ABSTRACT

Methods were developed for the isolation of the soluble
leaf proteins in as pure a form as possible and free of any
phenoloxidase products. This protein material was separated
into two fractions (Fraction 1 and Fraction 2 proteins). A
detailed study of the foaming properties of these soluble protein
fractions was made so that the conditions necessary for the
production of stable foams from these solutions could be evaluated.

The nature of the foams derived from bovine salivary secre-
tions and the soluble proteins of the holotrich protozoa were also
examined. The foams derived from the leaf and protozoal proteins
were rigid and of high stability only when the foamz were of kich
compressive streagth. In contrast the salivary secretions pro-
duced foams of low compressive strength but high persistence.

For protozoal proteins and Fraction ﬁ protein of white clover and
red clover the optimum pH for foam production was close to pid 5.8
to 5,9 and for the plant Fraction 2 proteins in the range 5.1 to
5.4. The foams derived from bovine salivary mucoprotein was
unaffected by changes in pH over the range 3.5 to 7.5.

The foams generated in vitro from rumen liquor were of low
compressive strength but extremely inigh persistence, and their
properties were very different from those of the foams generated
from either the plant or proteczoal proteins except that they
showed maximum foam persistence in a similar pH range.

The concentration of Fraction 1 protein in the rumen liquor
was below the minimum concentration required to produce stable

Fraction 1 protein foams. Of this low concentration only 2uU%



wac surface deunatured in production of these very stable rumen
foams. The significance of this result is discussed. Apart
from the low level of Fraction 1 protein, other low molecular
weight proteins together with a major component containing carbo-
hydrate as well as protein, were observed on analysing the rumen
liquor by acrylamide gel electrophoresis and cellulose acetate
electrorhoresis. This major component resembled salivary muco-
protein in its schlieren profile in sn analytical ultracentri-
fuge. This material was isolated by preparative uvltracentrituga-
tion and some of its properties examined. It was not precipitated
by trichloracetic acid, unlike the pretozoal and plant proteins,
but was precipitated by 60% smmonium sulphate, 80% ethanol, and
an equal volume of 1% cetavlon. The antibody tc this material
gave a positive precipitin reaction with the salivary mucoprotein,
the sensitivity of whieh ceula be increased by incubating the
salivary mucoprotein with neuraminidéses an enzyme which removes
the sialiec aeid Trom the mucoprotedr mioclecules: 'The gignifiesnee
6f these findings in relatiemn %o ¢ihay work is discussed.

The acticn of various surfactants that l:ave becn implicatzd
in the »loat syndrome on the foaming properties of Fraciion 9
protein foams was examined. Thus calcium was found to incresse
the rigidity of Frecticn 1 protein foams, slightly increace the
rigidity ¢t Fraction 2 protein foams at high calcium concen-
traticne only, but was without effect on selivary mucoprotein
foams.

Sodium polygalacturonate increased the persistence of*
Fraction 1 proteih foams at concentration greater than 0.0L% w/v.

Two salivary secretions were examined for their effect on

Fraction 1 protein fooms. The first of these was bovine salivary



184

mucopretein, which whilst increasing the rpersistence of the
foam, decreased its rigidity. Foams of maXximum persistence were
produced from solutions containing Fraction 1 protein/muco-
protein in the ratio 2/1, w/w. The second salivary secretion
exemined was the oesophageal mucin. This material did not
produce stable foams by itself, but was an extremely effective
stabilizing agent of Fraction 1 protein foams.

The most effective antifoaming agent of the polar lipiZc
of red clover examined in this thesis, was phosphatydyl choline

which at a concentration of 50/ug m1~!

compietely inhibited
the production of Fraction 1 protein foams.

Addition of mucoprotein to lipid/Fraction 1 protein
mixtures which would not support stable foams, resuited in
production of extremely persistent foams. Both Fraction 1
protein and mucoprotein were essential for the formation of
these foams which resembled the properties of the foams generatzsd
in vitro from rumen liquor.

From this study it appeared that neither the plant nor
the protozoal proteins by themselves could account for the
properties of the rumen foams. The properties of the rumen
foams could be reproduced by generating foams from mixtures of
Fraction 1 protein/plant lipid and salivary mucoprotein.

The soluble proteins and the foaming properties of
extracts of bloat and non-bloat provoking legume pastures were
examined. It was found that the temperate non-bloating legumes

contained condensed tannins which precipitated the soluble lcaf

proteins and thus by removing the plant foaming agents from

solution inhibited foam production from these extracts. These



tannins were isolated from Lotus pedunculatus Cav., and were

shown to form insoluble complexes,‘not only with the seluble
leaf proteins, but with protozoal protzins, salivary micopro-
tein, and the protein present in rumen liguor.

Tannins were cormon in tne Lotus species, but of the
Trifolium specier examined, they were found only in Trifolium
arvense L.. The significance'of incorporetion of tannins
into bloating pastures in an attempt to elimirate bloat is
discusseqd.

The non-blcoating tropical legumes, apart from the
Desmodium species, did not contain tasnnins bul were liower in
soluble leaf protein, and the bloat potential could be
correlated with the compressive strength of the foems derived

from extracts of tnese plants.

iv



SECTION 1

INTRODUCTION
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INTRODUCTION

B This thesis is mainly concerned with a study of
the prcperties of foams that can be generated from
solutions of plant leaf proteins. and the possible
relationship of these foams to the'disorder in cattle
known as bloat. Cf the leaf proteins, only thc fraction
which passes into solution on rubture oif’ the leaf cells
is likely to be of inmediate importance in the pro-
duction of foam., The literaiure review which follows

is concernzd primarily with the physico-chemical studies
on plant leaf proteins, the history and presentl day views
as to the cause of bloat, the materials that have been
suggested es effecting the occurrence of bloat, and
finally the theory of surface chemistry of Tilms and
foams, and the factors involved in the production of

persistent foams.



The soluble proteins present in the leaves of higher

plants were classified by Singer et al. (1952),
primarily on the basis of molecular size, into two
fractions. Analytical ultracentrifugation showed that
the two fractions were common to most higher plants.
The higher molecular weight fraction was called
Fraction 1 protein and the lower moleculer weight
fraction was teirmed Fraction 2 rrotein.

Praction 4 protein accountc for up to 50% of the
total soluble leaf protein, and ultracentrifugation
and gel electrophoresis has shown it to be a homogenous
protein (Wrigly et_al. 1966). It exists as the major
protein in the chloroplasts of green leaves (Lyttleton
and Ts'o, 1958). It has been associated with the
enzyme ribulose diphosphate carboxylase, the enzyme
responsible for carbon dioxide fixation in the photo-
synthetic metabolic pathway in higher plants (Mayaudon,
1957; Trown, 1965). Fraction 1 proteir. has been iso-
Jated from a number of plants by preparative ultracentri-
fugation (Egegman, et _al. 1953), and more recently by
gel filtration chromatography on dextran gels (Sephadex
G 200) from rice leaves (Mendiola and Akazawa, 1906L)
and from spinach (Pon, 1967; Trown, 1965). Its
molecular weight is between 5(0,L00 - 6C0,C00 (Trown;
1965; Pon, 197). The above mentioned workers have

also examined its aminc acid composition.



It has recently peen shown to be mede up of two
different subunits (Rutner and Lene, 1967; Moon-and
Thompson, 1968) of molecular weights approximately
54,000 and 16,000. Kawashima (1969) has shown the
larger subunit to have the same amino acid ccmpocsition
when prepared firom spinach or tobacco leavec. The
lower molecular weight subunit differed in composition
for the two plant preparatiornc.

It can be seen therefore that IFraction 1 protein
has been examined fairly extensively. £&n excellent
review of the physico-chemistry of Fraction 1 protein
has recently been published (Kawashima and Wildman, 41970).

Fraction 2 protein is not in fact a single proteiwn
but a mixture of all the other proteins and enzymes
present in the leaves of higher plants. They range
in molecular weight from 410,000 - 300,000 and have not
been studied as extensiveliy as Fraction 1 protein.

This thesis is mainly concerned with a study of the
properties of foams which can be produced from solutions
of plant leaf proteins, and the modification of these
properties that occurs when various other materials are
added to the foaming system. Although the study was
made in order to produce basic iuaformation about these
Toams, it was carried out in full awareness of the fact
that the results might be helpfui in understanding the
nature of the foam which, wher generated in the rumeﬁ
of cattle grazing rich pasture, gives rise to the

disord=r known as bloat.



Because the lmportsnce of this discrder was largely
responsiwle for tne choice of the subject of this thesis,
and because the planning of many of the experiments was
influenced by their possible relationship to the bloat
syndrome, the next section of the literature review will
deal with some of the theories that have been put
forward to account for this apparently simple but in
fact, very complex diserder.

Bloat history

Bloat, hove or tympanites has been known to occur for
over 1000 years. Ancient Roman writings of 60 A.D.
describe the condition and its treatment (Tribe, 1947).
Bloat in ruminants is characterized by distension of
the forestomachs following interference with the normal
elimination of gas produced by the microbial digestion
in these organs. Over the last 200 years, bloat has been
associated with ruminants feeding on lush growing pastures
containing a high percentage of legumes such as clovers
or lucerne.

VMany hypctheses have been put forward tc explain
the ailment, and these theories have fallen into two
groups.

(a) Toxic factors

These theories state that the forage being digested
contains toxic principles which are-released into the
rumen anl are capable of paralysing the muscles respéns-
i1ole for eructation of the gaseous products of rumen

fermentation. The materials that have been suggested as



being respunsible include cyanide, hydrogen sulphide,
and saponins.
Cyanide
It has been known for many yvears that certain legumes,
including those which may cause bloat, contain cyano-
genic glucosides which are readily hydrolysed to give
hydrogen cysnide. This led Evans (1949) to suggest
that this was the toxic principle involved in bloat.
However Quin and Clarke (1945) administered enough
potassium cyanide to inhibit rumsn motility and showed
no impairment in the animals' akility to eructate
carbon dioxide introduced thrcugh a rumen fistula.
Dougherty and Ceilo (1953) showed that Birdsfoot

trefoil (Lotus corniculatus L.), a legume not associated

with bloat, coniained higher levels of cyanogenic
glucosides than the legumes which cause bloat. Further-
more Johns (1954) obtained freguent bloat with cattle

grazing red clover (Trifolium pratense L.) a legume which

does nov contain cyanogenic glucosides. This evidence
tended to discredit the idea of cyanide opeing the cause

of bloat.

Saponins are known to have the ability to inhibit

muscular motility and cause death. Jackson (1957) and
Lindahl (1954) isolated saponins from alfalfa (Medicago
sativa L.) and proposed that these materials were respons-
ible for bloat.

The main arguments against the toxic factor theory

are:



iz Bloat has been sliovn to occur although the
muscles responsible for eructation were
functioning (Jchns, 4954).

2

3 Inhibition of eructation does not result in

true blozt (Parsons, 1952).

(b) Retention of gas ir the rumen

These theorics state that the gesss produced in
e Tullen axe retadned there.

1. The ecxcessive gas production theory

Veetch (1937) postulated that bloat occured when
animals were fed succulent legumes which resulted in
gas productiion in excess of that which the animal couvld
eructate. However Cole, et al. (1942) and Quin (19L3)
showed that the cattle could eructate more gas than was
produced in the rumen even'by the richest legume feeds.

e The excessive consumption of dense feed

This theory states that hloat is due to an
obstruction of the cardialorifice by an ingesta of
dense fxcd which prevents elimination of gas from the‘
rumen. This theory was however easily discredited
since bloat has been preoduced by drenching animals
with Jlegume extracts and thecefilcre in the absence of
solid ingesta (Fergusson and Terry, 1955; Lindhahl, 195L;
.Newbold, 1954 ). |

S The foam theory

As early as 1937 MclLandish z2laimed that tloat was
ccuced not by excessive ges production but by retention

of the gas in & froth which the animals could not eructate.



Olsen (1942) believed ithat bloat arose as a result of
the rumen fermentation gases 5eing trapred in a éaponin
foam. Quin (1943) stated that bloat was nearly always
associated with the presence of foam in the rumen, and
that the foam could impede the escape of gas from the
rumen.

Although these early workers had postulated that
foam was the cause of bloat, Uie theory did not find
wide acceptance until the early 1950's. Johns (1954)
reported that neither rumen movement nor the eructation
mechanism were inhibited during the onset of bloat, and
that the only factor which was consistently correlated
with bloat occurrence was the presence of foam in the
rumen. He critically erxamined the theories which had
been proposed, and the conditiqns under which bloat
occured with cattle feeding red clover in the New Zealand
environment. All his evidence pointed to the trapping
of rumen gases in a stable foam being the cause of bloat.

Johns concluded as follows:

1. Antifoaming agents were the only drench materials
that consistently relieved the bloating condition.

2. Eructation always was observed to take place when
the animals were becoming bloated.

N Bloat was not relieved by a stomach tube. The tube
became blocked with solids which were intimately
mixed with a frothy mass.

oy, When the rumen was punctured in acutely bloated
animals, a certain amount of free gas was released

and then the puncturing needle became blocked with



a frothy masag.
Do The rumen contents of a cow that had died of
bloat was full of a solid foam i.e. the foam
was held by grass snd clover stalks that gave
it a supporting stiucture. It did not ooze
out but behaved as a solid mass. Johns believed
that bloat was due to retention of gas within
*he rumen digesta by foaming of the rumen
contents supported by the mass of plant meterial.
Reid and Johns (1957) and Reid (1950) published
their foam hypothesis. Most research workers in the
bloat field have accepted the theory which holds foam
to be the cause for bloat occurrence (Bartley, 1967;

McArthur, 1964; Stifel, 1968a, 1968b; Conrad, 1961)

1455 The ccomplex nature of the bloat syndrome

With the wide acceptance of the foam theory of
bloat ceme a surge of research into the identification
of surfactant materials that could have been involved
in the bloet syndrome. Any plant or animal material
which would either produce a stable viscous foam, or
increase the viscosity of the rumen contents thereby
increasing the persistence of the fcem, has been
suggested as a possible surfactant responsibie for the
bloat focam. Similarly any material known to inhibit
foam production or to decrease the persistence of foams
has been inplicated as an antifoaming agent in the bloat
syndrome. Fig. 1 shows the materials and factors that

have thus been implicated in bloat.



FIGURE A1

The Bloat Syndrome

The circle represents the bloating condition when a
stable foam is present in the rumen. Arrows pointing
inwards to the circle represent materials and factors
which can stabilize rumen foams. Arrows pointing

away from the circle indicate antifoaming agents, and
arrows pointing in both directions indicate reversible

factors involved in bloat.



Holotrich
Protozoa

Tannins

‘K\\

Temperature €—>

Saponins

Bubble Size

FIG.

10

Plant Proteing

Gas Evolution

5

“/// Salivary Secretions

-

Stable Plant Lipids
‘ (Lipases)
Foam k__,-—*’”
pH
<>
Pectin
(Pectin Methyl
A ' Esterase)

Bacterial Slime

Polyvalent Cations

1

THE BLOAT SYNDROME




W

4

(a) Materials Implicated as the foaming agent responsilble

for the bloat foam.

1.  Saponins

McLandish (1937) suggested that the alfalfa saponins,
which were capable of producing stable viscous foams,
could rejfain the gaseous products of rumen fermentation
in these foams giving rise to bloat. Coulson (1960)
suggested that saponins could -2 responsible for either
foam production or inhibition of eructation by muscle
paralysis, Lindhahl et al. 1954, however, were unable to
produce frothy bloat by drenching animals with alfalfa
saponins. Mangan (1959) showed that clover saponins had a
pH maximum for foam strength at pH L.5. The pH maximum
for foams generated from rumen liquor occured at a higher
pH of 5.5 - 6.0.

A modification of the role of saponins was suggestied
by Gutierrez et al. (1958). Trey showed that when
saponins were incubated with rumen bacteria and protozoa
a heavy froth was produced from degradation of the saponins
and production of a viscous bacterial slime.

2. Pectin and pectin methyl esterase.

Conrad et al. (1958) claimed that the plant pectius
were responsible for high gas production in the rumen and
were also capable of causing stable foams similar to those
found in pasture bloat. In 1961 Conrad et al. claimed
that the highest incidence of ploat corrssponded to the
highest concentrations of pectic substances in ladino

clover and alfalfa. Pressey et al. (1963), however, found
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no correlation between pectin levels and blcat
frequency.

Head (1959) claimed to have isolated the
foaming agent Irom rumen liquor and shown it to
be carbohydrate. Hydrolysis of this matzrial
yielded the sugars associated with pectin and
hemicellulose. The New Zealand wcerkers believed
pectin itself was not th~2 foaming agent, but by
increasing the viscosity of the rumen liquor it
could act as a stabilizing agent (Wright, 1961).
Wright also suggested that pectins could act as
Ycam inhibitors by decreasing the availability
of calcium and sodium, which are required to
stabilize protein and saponin foams.

Nichols et _al. (1966), in several papers,
implicated the activity of pectin methyl esterase
(PME) as the important factor responsible for
bloat. Tnis enzyme hydrolyses the methyl pectins
to give pectic acid and methanol. The pectic acid
in the presence of calcium or similar cations can
increase the viscosity or rumen fluid by producing
calcium pectate gels, which trap rumen gases in <
stable viscous foam. These authors demonstrated
that the PME activity of saline extracts of alfalfa
was significantly higher on bloating days than on
non-bloating days, e.g. Nichols ani Deese, (1966).

Other workers st Wisconsin University indi-
cated that PME activity was greater in young alfalfa

than in mature alfalfa.
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Sy The rolzs of saliva in the bloat syndrome.

Saliva has been suggested as being a factor involved
in bloat though its role has been controversial. Johns
(1958) considered that the saliva secretions could either
assist in preventing bloct by buffering a fall in pH of
the rumen or increase bloat severity by adding carbon
dioxide to the system, thus assisting in foam formation.

He believed that the mucoprotei.. present in the saliva
helped to form a stable viscous foam. Phillipson and Reid
(1958) found that pressure in the rumen increased both the
flow and mucoprotein concentration in the submaxillary
saliva. Their results suggested that this additional flow
in respons2 to pressure could cause increased bloat
severity.

In contrast, Weiss (1953) concluded in his results
that when succulent legume forage was eaten, frothy bloat
resulted from insufficient salivation. Roughage in the
form of hay or mature legume led to an increase in salivary
flow, resulting in a watery, less viscous ingesta which
would not support a stable foam, Mendall and Boda (1960)
observed thnat non-bloaters secreted more saliva than bloat
susceptihle animals. Bartley (1958) stated that identical
twins bloated less with watery ingesta than with thick
viscid ingesta. Van Horn and Bartley (1961) indicated that
addition of salive to frothy ingesta increased gas release
thus destabilizing the foam, an observation which supported
thé theory of Weiss. They postulated that since bloat
results rrom the presence of foam -~ promoters, in an absence

of an antifoaming agent, the salivary mucin may be this
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antifoaming agent. Bartiey and Yavada (1961) confirmed
the antifoaming properties of salivary nmucin and plant
mucilages by showing that these compounds could both
inhibit and destabilize foams produced from alfalfa
saponins.,

Mishra et_al. (1967) showed that the ruminant
saliva contained aerobic bacteria capable of degrading
the s~‘'ivary mucin. Also they isolated from the rumen
of these animals aerobic bacteria which utilized saliva
as a sole source of nutrients, and showed that these
bacteria were present at a higher concentration in the
rumen of bloat susceptiblie animals than in the less
susceptible animals. They concludied that bloat may
result when the mucin content of the rumen is lowered
either by reduced salivation or by the destructive
action of mucinclytic bacteria. In a later paper, Mishra,
et al. (4969) isolated anaerobic bacteria capable of
breaking down mucin and suggested that scme of these

bacteria were implicated in bloat as slime producers.

4. The role of calcium and magnesium in the bloat syndromec.

The relationship between calcium, magnesium and other
cations anas been shown by early workers to influence the
severity of bloat. Smith (1962) found that calcium and
magnesium, when applied to the foragé or given as a drench
prior to the animals grazing alfalfa, increased the bioat
severity. IFurthermore drenching the animals with calcium

or magnesium chelating agents such as ethylene diamine
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tetra-acetic acid, which decreace the availability of
the cations, reduced bloat severity. Warner (1962)
showed that when alfalfa was sprayed with calcium
carbonate, bloat severity increased. Reid et al. (1961)
showed ihat addition of slaked lime to the snimals'
drinking water also increased the severity of bloat.
Jackson et _al. (1962) and Smith (1963) did nct find any
correlation between calcium cnxient of alfalfa plants
and bloat severity. Stifel (1968b) observed a positive
correlation bestween the magresium content of alfalfa
chloroplasts and bloat occurence, but a negative corre-
lation between calcium level and bloat. Miltimore et _al.
(1970) found no correlation bewween bloat and magnecium
content of alfalfa, but significant correlation between
bloat and nickel, zinc, and calcium levels.

Mangan et _al. (1959) showed that sodium and calcium
were essential for the development of strong protein and
saponin foams. Precipitation of calcium from solutions
of alfalfa saponins reduced the foam production to zero.
Harris and Sebba (4965) showed that nickel and zinc
became concentrated in the foams derived from alfalfa
extracts. Phelps (1962) observed that the amount of
ammonium magnesium phosphate féolated from animals with
frothy ingesta was three times as great as that produced
from ncn-frothy ingesta.

Stifel (1968a) showed that ths calcim and magnesium
binding to the chloroplastic proteins of elfalfa, was
highly correlated to the bloat:- potential of the forage.

The difference in binding was explained as due to a
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difference in amino acid composition of the protein.

The role of bacteria and protozoa in the bloat syndrome.

Fermentation gases are produced by rumen bacteria
and protczoa, as a result of breszmkdown of the fermentable
plent substrates. Antisiotics such as penicillin have
been used as bloat preventatives. Their action has
been explained by Mangan (1959) as occuring by destruction
of the vacteria which hydrolyse the plent lipids. Bartley
(1967) attributed antibiotic action to the destruction of
mucinolytic bacteria which degrade the antifoaming
salivary mucin. Gutierrez (1958) and Hungate (1955) pro-
posed that becteria attacking ingested legumes high in
carbohydrates produce bacterial slimes which increase the
viscosity of the rumen liquor, thus stabilizing the rumen
foam,

Holotrich protozoa have been implicated in the bloat
syndrome (Clarke, 1965a). He showed that the ciliate
rumen protozoa population had a marked diurnal variation
which was mainly due to changes in the holotrich popula-

tion. Holotrich vrotozeoca have a metabolic peculiarity

whereby they are unable, in the presence of excess substrate,

to stop synthesizing reserve polysaccharide which they do
until they burst. The fall in holotrich population is
therefore attributable to loss through bursting. This
drop is apparent at the time at which bloat develops.
Clarke cugzested that the protozoal contents, containing
proteins and nucleic acids, could have considerable foam

stabilizing properties when released into the rumen from
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the lysed cells.

Clarke (1965b) showed a relationship between bloat
severity and dry weight of protozoa in the rumen liguor
sample taken prior to feeding. He showed that the increase
in weight of protozoa was not due to an increase in
protozoal numbers but to an increase in the weight of the
protozoal content, i.e. bloat was more severe when
protorca were very full of polysaccharide and in a state
in which they were likely to burst releasing their
contents into the rumen.

Clarke (1966) used an anti-protozoal agent, 1,2-di-
methyl-5-nitro-imidazole, which prevented bloat in cattie
feeding on red clover. This ageni completely destroyed
the holotrich protozoal population and caused a reduction
in fermentation.

Clarke (196%) showed this drug could reduce and
ultimately eliminate protozoal holotrich population and
in general reduce substantially the incidence and severity
of bleat in both stall-fed non-lactating and grazing
lactating cows. On a few occasions mild bloat was observed
although the rumen was free of holotrich protozoa.

The role of plant proteins in bloat.

Bartley and Bassette (1961) analysed rumen foam and
found that the major component of the foam was protein,
the crude protein in the foam amounting to 63%. The main
sources of soluble protein in the rumen are: (1) Saliﬁary
mucoprotein, (2) protozoal protein, and (3) soluble plant

protein., (1) and (2) have already been discussed earlier
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in the introduction.

Johns (41954, 4956) postulated that plant protein or
its degradatlion products could be responsible for the
foam invelved in bloat. This was questioned (Fergusson
and Terry, 1955) on the besis of whether the protein
would be released fast enough“frcm the ingested forage to
be @ significant factor,,and therefore the authors
Tavoured the theorylthat the protein responsible for the
foam was present in the rumen liguor nricr to feeding.
Reid et al. (1962) and Bryent (196L) measured the rate and
extent of release of soluble plant proteins into the rumen
by coilecting, throngn a fistula; the boli of chewed
forage as they fell from the cardia into the rumen. They
found extensive liberation of soluble cytoplasmic protein
had resulted during mastication of the forage by the cattle.
Thes release ol soluvle protein was rapid enough to account
for the carly onset of bloat.

Mangan (1959) found that foams génerated in vitro
from bloating rumen liguocr and solutions of the total
solubie leaf pfoteins of red clover, had maximum foam
strengtn in the pH range 5.L - €.0, whereas saponins and
submaxilary mucoprotein produced foams of maximum Toam
strengths at lower or higher pH ranges respectively. He
stated that the plant proteins must be impoftant factors
in the aeticlogy of bloat. This was substentiated by B¢da
(1958). |

McArthur et _al. (1964) isclated from alfalfa leaves a

protein fraction with strong foaming properties in the pH



range where bloat occurs. Ultracentrifugation identifizd
this fraction as Fraction 1 pirotein which has a sedimenta-
tion coefficient of 18 S. He stated that the other alfalfa
proteins were not surface denatured.

Jones and Lyttleton (1969) showed *hat in the case of
white and red clovers both Fraction 1 and the major Fzraction
2 proteins stabilized viscous foams and were surface denatureil
on foaming, and therefore if plant proteins were the foaming
agents responsible for bloat, both fractions would be involved.
Blcat has been reported on Amaranthus (Johns, 1962). This
species contains only 10% of the Fraction 1 protein content
of the clovers. Amaranthus species hmve a different photo-
synthetic pathway and this accounts for the low level of
Fraction 1 protein in this plant (Hatck and Johnson, 1968).

Stifel (1969) claimed a diurnal variatien in the con-
centration of the chloroplastic protein which could te
correlated with maximum bloat occurrence. His results were
also claimed toc show a significant correlation between the
Fraction 1 content of alfalfa chloroplasts, its amino acid
composition, and its ebility to bind divalent cations with
the Vloat potential of the faorage.

McArthur and Miltimore (1969) showed that bloat was
not associated with plants containing less than 1.84%
Fraction 1 protein dry weight. Jones and Lyttleton (“970a,
1970b) snowed that the temperate legumes ,not associeted
with bloat contained tannins which precipitated the soluble

proteins cf these legumes so that the proteins were not
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available for foeming.

1.3 (b) The sntifoaming agents and foam inhibiting substances

asgociated with the bloat syndrome.

1.5 The Plant Lipids

Johns (1954) stoted that bloat arose as a result
of the normal balance of antifoaming agents and fosming
agents in the rumen becoming upset, favouring production
of a v~.scous foam. The search for the antifoaming agents
present in the rumen led to an examination of the plant
lipids because of the association of fats and vegetable
oils with the prevention and cure of bloat (Reid and Johns,
1957; Blake et _al. 1957). Mangan (1959) observed taatc
sedimentation of the particulate maierial in rumen liquor
increased the strength of the foams that could be
generated in vitro from the rumen liquor. The sediment
contained bacieria, protozoa and chloroplastic fragments
with their associated lipids. Addition of the chlororla-
stic fragments to the protein solutions d=creased the
foam strength of the foams that could be generated.
However, if the <hloroplastic fragments were defacted by
extracting them with lipid solvents, and the resultant
fragments added to protein solutions and foamed, the
foams s¢ derived were of higher foam strength. This was
taken as indicating the antifoaming properties of the
plant lipids.

The polar lipids constitute about 60% of the total

chioroplestic lipids. These are made up of the phospho-



24

lipides (phospliatydyl choline, phosphatydyl ethanolamine,
phoszhatydyl inisitol, phophatydyl glycerol) the sulpho-
lipid, and monc- and di-galactosyl diglyceride {Weenink,
1961). Bailey (41954) ¢id nnt find any correlation
betwecen the level of 1ipid bound sugers and the bloat
potential of the forage. Beiley ~nd Russell (4966)
showed the sulpholipid of red ciover to be an extremely
svrface active material which lowered the surface
tension of water by 36 dynes em™V at 0.013% 5; concen-

tration. This is comparible to the surface tension

h x
- . & .7 -
reduction produced by some of tlie pluronic type deter-

gents which are very effective bloat preventatives.

Stifel (1968b) found that the total leaf’ and chloro-
plastic lipids increased with decrease in blcat
potential of the forage, and his results indicated =&
preférential synthesis of chloroplastic phospholipids in
the non-blcating forage. He suggested that apart from
their anti-foaming prorerties the phosphclipids and fatty
acids could destabilize protein f'ilms by competing for the
divalent cations which are necessary for producticn of.
stable prctein foams. |

In contrast, Miltimore et_al. (1970) showed that the

lipids of alfalfa increased with hloat potential of the
eglfalls,

2. Plant tannins and pnolyphenclics.

Kendall (1966) observed that extracts of non-
bloating legumes produced less foam than extracts of
bloat prevoking legumes. He was able to produce large

foam volumes from these nen-bloating forages by adding

ki con vy v ol T
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to the leaf extracts soluble polyvinylpyrrclidone (PVP)
an ageat known to complex tannins and phenolice
(Anderson, 1968). He was also able to decrease the
volume of foam prcduced frem blcating leguwme extracts
by addition of a commercial tannin preparation to the
extracts. He postulated that th2 non-bloating legumes
contained tannins which interacted with the protein-
buffer system in such a way as to inhibit foam
productiorn. The nature of this interaction was not
explained, nor were tannins isolated from the plants
which he examined.

Cope et al. (1966) isolated from Lespedezs cuneata

a leucoanthocyanin polymer which cculd inhibit plant
enzymes and questioned whether this could inhibit the
pectin methyl esterase and so prevent bloat when cattle
are fed this pasture.

Hutton and Coote (1966) exzmined a series of non-
bloating tropical legumes for tannins. Teannins were found
only in the Desmodium species and therefore the absence of
bloat when cattle foragea these pastures could not be
explained as being due to the presence of tanrins in these
plants,

Jeffers et al. (1966) showed a negative correlation
between the polyphenolic content of alfalfa plants and its
bloat potency. However, Miltimore et al. (41970) indicated
that there was a trend for the 'tannin' content of alfa:fe

plants to increase as the bloatAfrequehCJ increased. Red
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clover (Trifolium pratense IL.) hzs a highly a tive

phenoloxidase system and is hizgh in polyphenolics. The
phenoloxidase enzyme converts phenolics into quinones
which can inhibit enzymes by interaction with the sctive
centres on the protein molecule, yet this system does
not prevent bloat on red clover {(Jones and Lyltleton,
1969%) .

FProm the above literature review the complexity ol

the bloat syndirome can be apprecieited. Altahough the

evidence for the soluble plant protelns being involved

is substantial (Jfengan, 1959; Rcid eé al. 1952;

McArthur and Miltimore, 41954; Mchirthur et _al. 1969;
Midtimend. =k a1, 4970y @tdfel, 196584, B} Jones and
Lyttleton, 196%a, 1970a, 1970b) it is unlikely that
blkoat canm be aexplained, solely in bterms Bf them, begauwse
all the surfactants will contribute, in some degrea, to
the structure and nature of thes films which make ﬁp the
rumen bloat foam.

The research in this thesis is partially simed at
determining the conditicns under whi~h persistent foams
are pcoduced from varicus materia’s, and as stable foams
are believed to be responsible for ®loat, a review of
the facfors thought to be involved in stable foam prod-

vetion is presented in the feollowing section.

Roums

Foams are dispersions of gas in ligquid phases, most

of’ the phase being gas, with llrusd in thin sheets callzd
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lamellae between the gas bubbles. The formation of a
foam is achieved by agitating the liquid and gas phases
in the presence of a stabilizing agent. Because the
processes involved in stable foam production are verv
complex, early studies on the nature of filins which make
up the foam were studied with single films either spread
on to the surface of the ligquid phase, or produced when
molecules diffused from solutions of the surfactant to
the air water or oil water interface (Cheeseman, 1952).
The surface films could be classified roughly into two
types:

(a) Films of high surface viscosity, such as those
produced from solutions of proteins or saponinus.

(b) Films of low surface tension, such as those
produced from soaps, which have low surface viscosity.

Factors determining foam stability.

Foams can never te thermodynamically stable, since once
the lamellae are ruptured, they must breazk into drops
with a lower surface free energy, and therefore a
decreased total free energy for the system (Davies and
Rideal 1961). Although foams rom pure liquids and gasss
are highly unstable, suitable surface active agents can
stabilize a foam almost indefinitely. The following
section discusses some of the factors which govern the
persistence of foams.

S The rate of drainage

This is the rate at which liquid drains from a foam

whose lamellae are not breaking. It is the settling out of
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surplus water from the foam. As drainage occurs the
thickness of the liguid lamellae aecrease. If the
lamellae are thinned to about 50& . molecular forces

can cause rupture. Therefore ary facter which will delay
the thinring of lamellae, should irncreasc the persist-
ence of the foam. Increasing the viscosity of the btulk
solution or of the surface film will have this effect
(seetioh 53 ps 1615,

2. Diffusion across the liguid lamellae.

In a foamr there will be a tendency for the small
bubbles to decrease in size and the large bubbles to
increase in size. This transfer of gas is caused by the
excess pressure inside the small bubbles over the large
neighbouring bubbles. The mechanisum cof transfer is by
dissolution in and diffusion through the liguid lamellize.
By decreasing the permeability of the surface lining, by
such means as increasing 1its viscosity, greater persisc-

ence of the foam will occur.

B The thickness of the electrical double layer.

If a film lies between two charged monolayers, it
may resist further thinning because further removal of
liquid weould bring tﬁe charged surfaces closzx» together,
which would set up a high osmotic pressure in the lamellae
by accumulating many counterinns. The energy barrier
set up to local thinning is often sufficient to stabilize
the foam against appreciable shocks. b

4, Surface viscosity and critical yield stress.

A monolayer offers viscous resistance to shear
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stress in the plane of the surface, in a manner cowmparable
with liquids which are retarded in flow by viscous forces.
In addition to reducing drainage rate, surface viscosity
can cushion the thin liquid films 3sgainst shocks. The
highest fcam stability is associated with high surfece
viscosity (Brown, 1953). For protein stabilized foams,
foam stabilities and surface viscosity pass through 2 maxi-
mum at the same pH, indicating that the mechanical properties
of surface films are of considerable importance in determin-
ing foam stability. The critical yield stress measurcd as
the non-Newtonian component of surface viscosity,is the
stress reguired to cause flow of the monolayer. The greater
this value the more rigid will be the film and the greater
will be the force required :co breakx the film. Proteins and
saponins give films of high critical yield stress (Davies
and Rideal, 1961).

5.3 The restoring properties of surface tension.,

If a shock suddenly extends a local area of the lamellae,
a surface pressure gradient from the rest of the film to the
thinned area will occur, and the monolayer tends to spread
back into the extended region. The monolayer takes with it
a layer of water and 'so opposes the thinning that occurred
(Marangoni, 1871; Gibbs, 1878). High surface viscoscity will
delay the transport of water back to the thinned region and
thus surface tension and surface viscosihty oppose eacl other.
A simple test to show which effect is operating, cousists of
dropping small solid projectiles through the foam. If a hole

is left behind, only viscosity is important since viscosity can



only retard metion and not reverse its eftect (Davies
and Ridecal, 1956%). Excellent reviews on the topics of
foam stability are given by De Vrieé (1958, + ~ 5),
Bikerman (195%); Davies and Rideal (4981).

(b) Protein Foams

Meny protein molecuies, on diffv.zing to the air/
liquid interface, become insoluble in the liquid. This
procezs is termed surface cenaturation, and occurs as a
result of a change in the three dimensional structure
off the protein, the molecule unfolding as the forces
‘hclding the molecule in a compact globular form give way
to those causing spreading in the surface (Davies, 1953).

Cumper and Alexander {1950) postulated that the
processes invclved in the production of protein films
ocelred im three shagess
(1) The diffusion of the molecules to the surface.

(2) The unfolding or denaturation of the molecules at
the surface.
(3) Coagulation of the €@enatured protein and its
subseyuent removal from the surface film,
insoluble protein foams may be regarded as contaiain
films made up of a coagulum, bz2low which is a completely
unfoldell protedn film at the interface snd underlying
layers of protein in various degrees of unfolding.

These authors observed that sucﬁ protein films show
viscce-elastic properties {Zumper and Alexander 1950, 5951).
Tre protein films they studied had a maximum surface

viscosity at pH values close tc the iso-electric points
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of the proteins. High ionic strength and high temperaturs
decreased surface viscosity as a result of increasing the
rate of ccagulation of the denatured protein.

The plant prcteins produce rigid, 'solid' foams
(Mangan, 1959; Jones and Lyttleton, 196%a: Iaby, 1970)
and undnubtedly surface viscosity is an important factor

responsible for their mechanical properties.
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The aim_of the present research investigation

Although many substances have been suggested as the
cause of bloat (Chapter 41, Section 1 of this thesis), very
few studies have been made on the f~-2ms derived from them,
The majority of the substances have been suggested because
they produce viscous aqueousg soluitions. The irajor research
on foam parameters of foams derived from surfactants likely
to be invclved in bloat was carried out by Mangan (1959),
Laby (1970), and Jones and Lyttleton (4969). Before
behaviour of a mixed system such as is found in the bloating
foam can be understood, thes nature cf the foam character-
istics of the main foaming agents need to be fully investi-
gated.

The volume of evidence suggesting soluble leaf protein
to be the main surfactant responsiple for the bloat foam is
so substantial (Section 1, Chaoter 1), that a closer study
of the conditions necessary for the production of stable
foams from both fractions of the soluble leaf proteins was
warranted. The objectives of this thesis were therefore to
define the conditions for and the characteristics of stabple
plant protein foams, to determine the effect which other
surfactants of plant and animali sources have oun these foams,
and if possible to ccrrelate these findings with those

derived from the study of foams produced from bloaty rumen
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ligquor. The speczific objectives of this research were as
follows:

(a) To establish the conditions necessary for the
production of stable foams from the soluble leaf
protein fractions.

(b) To examine the foam properties of the salivary
secretions and the holotrich protozosal proteins.

(c) To examine the interactic: of other surfactants,
that have been implicated in the bloat syndrome,
with Fraction 1 protein by studying the nature
of the foams generated from the mixed systems.

(A) To cxamine the foasm properties of rumen liquor,
and to attempt tu isolate from }t the main
surfactants responsible for foam production.

(e) To explain the reasons for.the different bloat

potential of different legume forage species.



SECTION 2

EXPERIMENTAL METHODS AND RESULTS
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CHAPTER 1

EXPERIMENTAL METHODS

Analytical Methods

(a) ©Protein Analyses

1. Determination of soluble prctiein nitrogen

Equal volumes of protein solution and 10%
trichloracetic acid (TCA) were mixed in glass centri-
fuge tubes, allowed to stand at 0°C for 20 minutes and
centrifuged at 16,000g for 20 minutes to collect the
precipitated protein. JSalivary proteins were
precipitated by addition of absolute ethanol to a
concentration of 80% ethanol.

The precipitated protein was washed twice by
resuspension in 5% TCA or 80% etkanol for plant proteins
and salivary proteins respectively, followed by centri-
fugation. After draining, the protein pellet was
digested with O.4 ml of concentrated sulphuvric acid
containing 100g of potassium sulphate and 4g of
selenium per litre of acid. The protein was digested
until the solﬁtion became clear, and then made up to

5 ml with distilled water. The concentration of

32
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ammonia in this soluticon was determined using eliner
the Conwvay (4947) method or the phenol hypochlorite
method using a Tcchnichon autoanalyser.

2 Determination of Traction 1 content of protein

e B e i

(i) Acyrylamide gel electrophoresis.

Soluble proteins were examined with acryl-

amide gel electrophoresis in the thin sleb gel system
of Reid and Bieleski (1968). The electrophoresis
buffer was 2 U.41¥ Tris/0.1M glycine solution of pH 8.5.
| ™ prepare the gel, 15wl of Ghe eletirophofesis
bufrer and 15 ml of a 15% acrylamide soluticn containirg
0.3% bis—acrylamidet were mixed and deaerated to remove
dissolved oxygen. 0.3 ml of a 10% 3@ Temeg solution and
0.3 ml of 10% aqueous ammoniwna persulphate were added
and the mixture povured into the gel mould and overlayered
with water.

Protein samples were made 0% in sucrose and
layered into the gel pockets wiih a precision microsyringe
Electrophoresis was carried out as described by Reid =nd
Bieleski (1968).

Proteins were located in the gels alter electrophor--
esis with the following stains:

*

1. Coumassie blue. The gel was stained for 15 minutes

5 . w ’ .
in a 0.25% solution /. of coumassie blue in water/

-
methanol/acetic acida, 68/25/7 v/v/v. After stuining,

the excess dye was rexowved from the gel by

see appendix
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destaining in three %0 minute washes cf 100 nl
of the same solvent, and then overnight in 1 litre
afi the- Sed venb.

2 Amido black*. Gels were stained in a-0.0S%
solution of Amido black in methanol/acetic acid/
water 5/1/5 v/v/v for 30 minutes. Gels were
destained by successive wasbings of the gelagainst
the staining solvent until the background of the
gel was colourless.

ke Procion blue*. Gels were stained with a O.B%W/v
solution of Procion blus MRS in water/acetic acid/
methanol 5/1/5 and destained against running

water until the background colour had faded.

For qualitative work Ccumassie blue was the only
dye used VLecause it was approximately five times as sensi-
tive as the other dyes. The gels were either photegraphed
or scanned on a microdensitometer* to give a record of
the protein separation.

The relation between intensity , of staining and the

B

amount of Fraction 1 applied to the gel in 25mm” of solu-

tion, was determined for the three protein stains.
Coumassie blue was approximately five times as sensitive
a protein as Amido black, which was more sensitive than
Procion blue. v _

Gels sonbteElmimne 1, 2, 4 @, 8 and 103 15," 10, 20, 70,
40, and 50; and 50, 100, 150, 175, 200 and 225 pg of

Fraction 1 protein in,25mm5 ¢f solut.on were stained with

* see appendix
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each of the three stains, and thefintensity of steining was
measurzsd as the area under the curve on a Joyce Loebl
microdensitometer®.

Coumassie blue stained Fractinn 1 protein guanti-
tatively in the range up to 6 Pg,Amido black showed a
linear relaticn between intensity of staining and amount
of protein up to 50 ng and Procion blue up to 200 P8 protein.
All analyses were carried out in duplicate.

(ii) Analytical ultracentrifugation.

Macromolecules can be characterized by their.sedi—
mentation rate in the ultracentrifuge. Accordingly,
solutions of protein molecules werc exemined in a Beckman
-Model E analytical ultracentrifuge using schlieren optics
(Beckman Instruments manual) .

The analytical ultracentrifuge was calibrated for
- determining Fraction 1 protein as folliows.,

Solutions of bovine serum albumin (Sigma Fraction V)

';CQntaining 5 aﬁd 10 mg of protein per ml of solution,
ﬁA:Were placed in a synthetic boundary cell and centrifuged
"gét 15,220 r.p.m. in a Beckman Model E centrifuge. After
diffusion of the initially sharp boundary between the
solution and the sol&ent, photographs were taken of the
schlieren profile of the protein concentration boundary, at
bér angles’of 700 and 80°.

From these photographs the areas under the schlieren
peaks were determined. The concentration of protein in
the soluticn producing She boundary is related to the avrea

-under the schlieren profile by the equation:

* see appendix



where C = concentration of proteir in solution

W
i

a constant definsd by the opticel system

of the ultracentrifuge

A = measured arca under the schlieren. peak

8@ = the bar anglg of the phase plate

E = "the linear magnification of the photograph

do = fhe'radial_position of the sedimentation
boundary at time t =0

dX = the radial position of the sedimentation

heovnd@rst At Tine' & & &%
In the csse of the synthetic boundary cell at low sp=zecis,
when no sedimentation is occcuring, do is equal to dx‘ The

equation reduces to

C = A.k.tan @
E2
k can be determined from the gradient of the graph of

.&.:.:0.3_2_9 against C. For the instrument used in this

B2
-4 =2 :
research, Xk was eqgual to 12.6 mg m1” ° cm -, when units of

1 and the uvni%s of A are cnfz.

C are mg ml~
The analyticsl ultracentrifuge, having been calibrated,
was usedl to estimate Fraction 1 protein in leaf protoin
preparations where its conceniration was at least 5 mg
m1~1,
Samples were centrifuged at 52,840 r.p.m. until the
Frection 1 pfotein had sedimented clear of the Fraction 2

proteins. Photographs of the schlieren profile were

taken at bar angles of 70° anda 80°, and the areas were



measured. The areas were corrected for dilution of

-

“the protein due to sedimentation, and by suvbstitution

into the equaticn relating area to concentration of
protein, the Fraction 1 protein concentration was
determined. Anzlyses were carried out in duplicate.

Die Determination c¢f Fraction 2 proteins

Fraction 2 proteins, because of their heterogeneity,
could not be determined by either of the methods used
for measuring the concentration of Fraction 1 protein.
They were therefore determined using either the Biuret
method (Colowick and Kaplan, 1955) cr as protein nitrogen
(1.1 (a)). Analyses were carried out in duplicate.

4,  Amino acid analyses.

Protein samples containing between £ and 10 mg of
protein were hydrolysed in &l hydrochloric acid in sealed
tubes at 110°C for 24 hours. The hydrolysate was filtered,
evaporated to dryness under nitrogen and taken up in 5 ml
of a pH 2.2 citrate buffer. A sample (0.2 ml) of this
solution was analysed for amino acid composition or 2
Beckman* 120C amino acid analyser. The procedure an
standardising of the apparatus are described in the Beckman

amino acid analyser handbook*.

(b) Carbohydrate analyses -

h.2 fotal hexose

This was determined by the anthrone method (Dreywood,
1946) The anthrone reagent was added to 1 ml of
sample in glass tubes in a water bath at 1-2%E: Air

condensers were attached te the tubes, which were heated

* see appendix
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to 100°C for 7 minutes. After cooling and allowing to
stand for 20 minutes, the colour absorption at 625 nm
was measured. Glucose (analar grade) dissolved in glass
distilled water was used as a standard. Analyses were
carried out in duplicate.
B Pectin

Pectin was measured by the carbazole method of
Dische (1927). The sample (1 ml) was pipetted into a
glass tube and 6 ml of concentrated sulphuric acid added
to the sample at 1-2°C. Air condensers were fitted to
the tubes which were heated to 100°C for 20 minutes.
The tubes were rapidly cooled by immersing them in ice,
the carbazole reagent (0.2 ml) added, and after allowing
to stand in a dark room for 3 hours, the colour absorp-
tion at 530 nm was measureda. Glucuronic acid or galac-
turonic acid dissolved in glass distilled water were used
as standards. Analyses were carried out in duplicate.

Die Sialiec acid in salivary secretions

This was determined by the resorcinal method
(Svennerholm, 1956). Samples (2 ml) were heated with
resorcinol reagent (2 ml) in glass tubes in a Boiling
water bath for 15 minutes. The tubes were cooled and
5 ml of iso-amyl alcohol was added to the tubes which
were shaken vigorously and allowed to stand in ice for
10 minutes; After centrifugation, the alcohol layer was
transferred to cuvettes and the absorbancy at 580 nm
measured. Analyses were carried out in duplicate.

4, Free sialic acid

Free sialic acid liberated on incubation of salivary

secretions with neuraminidase, was determined by the method
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of “Warren (1959). To 0.2 ml of sample was added 0.1 m]
of sodium periodate soluticn and the mixture allowed to
stand for 20 minutes. Arsenite reagent (0.2 ml) was
added and the mixture sheken until the yellow colour
had disappeared. Thiobarbiturate solution (3 ml) was
added to the mixture, which was then heated in a bciling
water bath for 20 minutes. The tubes and contents were
cooled, 4.5 ml1 of cyclohexanone added and thoroughly
shaken. After centrifugation, the organic layer was
transferred to cuvettes and the absorbancy measured at
550 nm. Sialic acid,dissolved in distilled water K was
used as a standard. Analyses were c.rried out in dupli-
cate.
e Starch

Starch content cf rumen liquor and rumen foam
fractions was determined by the specific ‘'Agidex' enzyme
method of HMacRae and Armstrong (1968). This enzyme
hydrolysed starch to glucose, which was then determined
by the glucose oxidase method {Marks, 1959) or by the
method of Somogyi (1945). Analyses were carried out in

duplicate.

6. Hydrolysis of carbohydrate and chromatography of

the sugars.
100 mg ©f Treeze dried rumen fluid o» fractiexns
collected frcm rumen foams, was hydrolysed with 72%
sulphuric acid for 4 hours'ét roon temperature (Bailey,
1957). After neutralising this mixture with barium
carbonate, the solution was concentrated and subjected

to paper chromatography (‘atman No. 1 paper) using =thyl
acetate/water/pyridine,2/2/1/v/v/v (Bailey and Pridham,
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1962) as the developing solvent. Sugars were located
by spraying the chromatogram with an aniline phosphate
spray (Howard, 1957).

(e) Determination of ealcium

1z Total soluble calcium was determined by atomic

abscrption spectrometry. Samples were wet ashed with

a nitric acii/hydrochloric acid mixture, and the digest
made up in 2M hydrochloric acid containing 0.65 g of
caesium chloride pex 100 ml. Dilutions were made so

that the level of calcium in the final solutions was

5-20 p.p.m. Calcium was measured on these solutions

by atomic absorption spectroretry using a Techtron*AA%4
instrument. Glass distilled water was used to make up

all soluvtions used in this method. <Standards were prepared
as described in the Techtron manual*.

2. Calcium bound to macromolecules in rumen fluids

were measured as follows:

Rumen fluids were centrifuged at 16,000 g for 30
ninutes to remove-plant fragments and rumen microflora.
5 ml of this solution was pipetted into a Diafle*
'centiflo' membrane and cone assembly. This mcembrane is
reported to hold back all molecules of molecular weight
over SO,OOOT The sample and cone assembly were centrifuged
at 2,700 g for 30 minutes. The original sample and the
solution that had rassed through the membrane wers analysed
for calcium using the method described above. The differ-
ence in the amount of calcium in the original sample and the

samDle that passed through the Diaflo membrane was a measure
p p g

*

see appendix



of the amount of bound calcium in solution.

(d) Determination of lipids .

4L, Total lipids

Total lipids in rumen liquor and foam fractions were
measured as a ary weight percentage. The sample (200 mg)
was extracted into 10 wl of chloroform/mechanol, 2/1 v/v.
The mixture was filtered and the so0lid re-extracted with
another 10 ml of solvent. The extracts were combined and
shaken with 4 ml of a 0.73% potassium chloride solution
(Folch, 1957), and the chloroform layer collected, dried
in a rotary evaporator and weighed. This preparation was
called Hotal 14pid.

R Thin layer chromatography

Thin layer chromatography of lipids was performed on

.plates coated with silica gel G,250 pm thick. Silica gel
- G* was slurried with twice its volume of distilled water

~and spread on the plates using a Shandon Unoplan* thin

 -j1ayer spreader. The plates were dried at 110°C for 2

. hours before use.

Samples (25 mmB) of the 1lipid mixture in chloroform
were applied to the plates by means of applicators similar
to those described by Roughan (1967). For polar lipids,
the developing solvent was chloroform/methanol/acetic acid/
water, 85/15/70/3,v/v/v/v.

Neutral lipids were separated with petroleum ether
(boiling point 57° - 59°C), diethyl ether, water mixtures.

Lipids were localised on the plates either by

* see appendix



spraying with a 0.2% w/v soliution of 2'7' dichloroflo~
rescein in ethanol and examination of the plates under
ultra-violet light or spraying the plates with concentrated
sulphuric acid and heating of the plates to 13000 for 3@

minutes.

PREPARATIVE METHODS

12 | (&) The isolation and fractionation of the soluble leaf

proieins.
Proteins are normally extracted from piant leaves
by disrupting the tissue into buffer by grinding, blending,
or shearing, followed by filtration and centrifugation to
remove the inscluble plant material. While many plants
yield a clear solution which is pale yellow, some plants
such as red clover give an intensely dark brown solution.
Protein precipitated from such extracts is similarly dark
brown in colour, and is frequently difficult to redissolve.
This dark colour is believed to be the consequence of
atmospheric oxidaticn, catalysed by the enzyme phenoloxidase,
of the soluble polyphenolic constituents of the leaf cells.
This leade to compounds with quinone-type structures, which
form complexes with proteins, modifying their pigmentation,
euzymic properties and solubilities.
In isolating the soluble plant proteins for study in

this thesis, it was hoped to prevent this modification of
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their properties, and preliminary experiments were carried
out to test methods by which this might be achieved.

1. Preliminary investigations to obtain leafl proteins

free of polyphenolic oxidation products.

Three methods were examined, the leaf source being

red clover, Trifolium pratense L.

(i) Alcohcl extraction of leaves will remove the

rhenoli. substrate and precipitate the soluble protein.
Fresh red clover leaves (20 g) were macerated into 80 ml
of ice cold absolute ethanol in a Waring blender. The
macerate was transferred to a basket centrifuge and washed
with cold ethanol {(0°C) until the ethanol wash was free
of chlorophyll. The washed maceratie was extracted over-
night with 10C ml of phosphate buffer, ionic strength, I,
O.1 and pH 7.5 and dialysed against this buffer to remove
ethanol. The extract was centrifuged at 16,000 g for 30
minutes and the supernate examined for soluble protein by
acrylamide gel electrophoresis and by determination of
protein nitrogen. 20 g of red clover leaves were also
extracted by blending directly into 4O ml of phosphate
buffer, centrifuged at 16,000 g for 30 minutes to sedimer.t
leaf fragments, and the supernate made up to 100 ml with
more buffer. This solution provided a control extract.
The solution obtained by the ethanol extraction was
colourless and had an optical density ratio 280 nm/260 nm
of 1.6, whereas tne control solution was dark brown in

colour and had an optical density ratio of 1.2. The level
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of soluble predcin determized by the protein mitrogen
methed indicated that only L40% of the soluble protein of
the contlrol hed heen extracted by the ethanol extraction
procedurc. Acrylamide gel e€lectrophoresis showed that
none ef the Prectieon 4 yrotein had been extracted. . in this
procedure. L

(ii) Adsorption of phenolics on Polveclar AT,

T.oomis and Bataille (1966) used insoluble polyvinyl
pyrrolidcne, Polyclar AT*(General Aniline Company), to
adsorb plesnt phenolics and tannins during the extraction
of plant enzymes, aﬁd so remove the substrate of the
phencloxidase system. These authors ground together eaual
wveights ol leaf tissue and Ffolyclar AT, Although this
procedure is suitable for the extraction of small gquantities
of leaf, it was impracticable to apply this procedure to
the large scale preparation of leaf proteins. The prrocedvure
vias therefore medified as follows:

Polyclar AT was purified es described by Loomis and
Bataille (1966), and equilibrated fer 2L hours with
phosphate buffer, I 0.1 pH 6.5, containing 0.1% ?@ ascor-
bate and 1O“AM mercaptnethanol. The fines were removed by
repcated @ixing of thie buffer and polyclar, allowing it to
settle fcr a few minutes and decanting off the supernate
containing the fines. The Polyclar was slurried with more
burffer and poured into a glass chromafography column (2.5
ey X 18 o) | -

20 g of red clover leav:s were cxtracted into phosphate

buffer, I 0.1 pH 7.0, containing 0.1% g, sodium ascorbate,
& v

* see appendix
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The insoluble leal’ fragments were sediiented at 16,000 g
for 30 minutes and the supernate made up to 50 ml with
phosphate buffer I, 0.1 pH 6.5. This solution (2 ml) was
analysed for protein nitrogen and the remainder was applied
to the Polyclar column. The effluent from the colunn

was monitored at 280 nm and the effluent containing
protein collected. Phenolics were absorbed as a narrow
brown band at the top of the colurm. The protein solutioa
was made up to 100 ml and 4 ml analysed for protein
nitrogen. The solution was pale yellow andi showed no sign
of darkening when stored at 5°C for 5 days. The yield of
protein was the same as that in the control extracs.

(dii) fnhibition of the phenoloxidcse enzvme has been

reported when strong copper chelating agents are added to
preparations of phenoloxidase (Kabowitz, 1937; Slack, 1966;
Anderson, 1968). Sodium diethyldithiocarbamate, SDDC, has
been reported to give 100% inhibition at a concentration ¢f
10-uM. SDDC is water soluble and easiiy incorporated into
the extraction buffer and its effectiiveness as a preventative
of phenolic oxidation and subsequent interaction with scluble
leaf protein was examined.

- 20 g samples of red clover leaves were extracted into
20 ml of phosphate buffer, I, 0.1 pi 7.5, containing SDDC
at concentrations 0, 1072, 10~4 ang 4073y, The macerates
were transferred with another 20 ml of buffer into centri-

fuge tubes, and the leaf fragments sedimented at 16,000 g

for 30 minutes. The supernates were made up to 50 ml and



stoured at SOC. Eacn extract (2 ml) was snalysed for
protein nitrogen.

The yield of protein nitrogen was 100% of the control
extract for all extracts. The 10_5M SDDC extracts had
darkened considerably within 24 hours, the 10 M SDDC were
pale brown after 24 hours and dark browr after 48 hours,
whereas the 10_5M SDDC extracts remained pale yellow for
at least 7 day=.

Of the three methods examined, the SDDC at 10™2n
concentration and the Polyclar AT extractions were ‘
effective in preventing interaction of the phenoloxi-
dation system and the soluble red clovev proteins during
their extraction. Because SDDC was readily incorporated

into the extraction buffer, it was more convenient to use

than the Folyclar AT columns.

2 Fractionation of the soluble leaf proteins

Although ieaf proteins contain a large number of
different classes of protein, in this work a study was

made of the two major classes, distinguishable by

!

difference in size and sedimentstion rate, viz. Fraction 4

and Fraction 2 proteins.

Preliminary experiments were therefore caerried out
to determine mcthods of isolating Fraction 1 protein in a
reasonably pure form (> 90% pure), and as a consequence
Fractici 2 could be obtained from the remaining solution
from which Fraction 4% had beer removed.

For these experiments, a clear leaf protein solution



vias obfained by preedpitating tetal pretein from s leal
extract with 60F (?@) ammonium sulrhate, clarifying the
redissolved protein, and passing the solution through a
colunmn of G75 Sephadex*to remove low molecular weignt
contaminants,

The effluent was collected on an LKB fraction
collector, and monitored rfor uv absorbing materiel at
254 nm using an LKB$ Uvicord apparatus. A typical uv
néhd tor off the elution »rofile rem the G755 colump is
shown in Fig.1 (2.1).Biuret determinations of the
fractions are shown in the same Pigure.

The total protein was collected and fractionated es

follows:

5) Salt precipitation

The total protein solution was made 10% 3% in
ammonium sulphate, and the precipitate discarded. Tae
supernate was made 24% %; in ammonium sulphate, allowed
o etand tor 1 hour at BOC and | the precipitateicollected
by centrifugation. This fraction contained 90% of the
total Fraction 1 protein together with 10-25% cf the
Fraction 2 protein., The Fraction 2 proteins were isolatied
from the rcmaining supernate by increasing the ammcnium
sulphate concentration from 2L4-~60% %@, and collecting the
precipitate,

The precipitates were dissolved in the minimum volume
of phosphate buffer, I 0.1, pHd 7.5 containing 10"uM.
mercapioathancl, and dialysed against this buffer to

remove the ammonium sulphate.

*
see appendix
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(ii) Preparative ultrecentrifusation was first used by

Singer and Wildmen (1652) to isolate ¥raction 1 prctein
from tobacco leaves. These authors centrifuged their
proccin extracts at L0,;000 g for 3 hours, during which
timer {he Praevich 1 proiein had sedimented as a peilet
to the bottom of the centrifuge tube. The Fraction 2
proteins were distributed throughout the solution above
 the pellet.

The proteins that had been rrecipitated in the 10-24%
armonium sulphate fraction were redissclved in phosphate
5uffer, and centrifuged at 200,000 g for 20-120 minutes
T eiehore & Beckma;lLé65 or a Spincgle5O preparative
vltracentrifuge. Folloving ultracentrifugsetion, the
contents of the centrifuge tubes were fractionated as
Tfollows.

(a) The pellet which nad sedimented at the bottom of
the tube. This was extracted into phosphate
buffer.

(b) The viscous liqguid above the pellet.

(e¢) The solution above the viscous liguid.

These firacticns were examined by analytical ultracentri-
Tugetion and acrylamide gel elzctrophoresis. Fractions (o)
and (b} contaired more thaﬁ 95% Fraction 1 protein whereas
Fracticn (0 contained mainly Fraction 2 proteins. As found
by Cohen et _21.(1956), the Fraction 1 protein pellet
redissolved easily only if tfhe jpheroloxidase enzyme had
beer tnhlivgted during The eXuraction and separation of the

leal piodedn s

&
see appendix
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(iii) Molecular sieve chromatosraphy has been the most

common technique used to isolate -pure Fraction 1 protein
from a variety of plant extracts. Thus Pon (1967), Moon
and Thompser (1968), isolated pure Fraction 1 protein _
from spinach leaves; Mendiola and Akazawa (1964) isolated
Fraction 1 protein from rice leaves using Sephadex G 200
as the molecular sieve material. Wilson and Macalla
(1967) isolated pure Fraction 1 protein from spinach,
- pea and bean leaves and chlorella by chromatography on
Sepharose 4B*, an agarose matrix, followed by chromato-
graphy of the Fraction 1 protein on Sephadex*G 200.

The proteins that had been precipitated by ammonium
sulphate at concentrations in the range 10 - 24% W/v
(see section 2(i) on page 47), were further fractionated
- on columns of Sephadex G 200, (100,cm by 5 cm). Fractions
were collected on a fraction collector and ultra-violet

- absorbing material monitored at 254 nm using the LKR

" 'Uvicord' attachment*. Fractions were examined for

'-Fraction 1 prétein by acrylamide gel electrophoresis.
"Fraction 4 protein was eluted ir the first peak from the
éolumn. Fraction 2 proteins were eluted over the region
extending from the rear edge of the first peak through %o
the advancing edge of the second peak.

These exﬁeriments showred that pfeparative ultra-
centrifugation as a means of isolation T'raction 2 as well
as Fraction 1 proteins had several advantages over the use
~of Sephadex G 200 chromatography. These were:

1. The centrifugation procedure took much lecss time

than the molecular sieve chromatography (4 hours as

* see appendix



opposed 1o 12 hours).

2 Fractici, 1 protein was concentrated snd Fraction
2 proteins were at their original conceniratbtion when
preparative uliracentrifugation was used, wacreas both
fracticns weres diluted, irn particulsr Fraction 2 proteing,
and hud to be concentreted when Scphad:x G 200 was used
as the fractionation procedure.

3. Yhereas preparavive centrifugation cannot
totally separate the two fractions in a single step,
when starting with a fraction rich in Fraction 41 protein,
fhe contamination ot Fraction 2 was reduced to 5%, a

satisfactery low level for this work.

S The isolation snd fractionation of the soluble leaf

proteins of white and red clovers.

The extraction buffer woas a disodium hydrogen phosphate,

sodium dinydrogen phosphate mixed buffer, I = 0.1, pH 7.5
containing 10758 SDIC  to inhibit the phenoloxidase, 0.1%
sodium asccrhate to reduce any naturally occuring quinoncs,
and mercaptoethanol at a concentration of 1 x 10”hM to stabi-
lize the FPraction 1 protein.

Mcthod. White or red clover lzaves (1 kg) were
harvested from pure stands in tne field. The leaves were
infused with extraction buffer by immersing the leaves in 3
litres of extraction buffer st uOC in a 1érge dessicator, which
then evacuatei. Buffer infused ivrto the leaves when the

content:s vvere brought to atmospneric pressure.
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The leaves (100-150 g Jots) were crushed into 50 ml
of eiiiPactian buffér in a Bldinleds Ffeel @ESiniigbater
(Pirie, 1956), which had been precooled to MOC. A
further 5C mli of buffer vias added to the crushed leaves
and the slurry clarified through sMM* Tilter paper in a
basket centrifuge. "The filtrates were centrifuged either
at 75,000 @ for 4 hour op at 145,000 g foF 2 hours, eand
the psotein precipitated from the resulting supernatant
liquor by.adding ammonium sulphate to 60% ?;. After
standing for 1 hour at OOC, the precipitated protein was
collected by centrifuging at 16,000 g for 10 minutes.

The collected precipitates were suspended in the
minimum volure of buffer required to transfer the
protein to a dialysis bag, and dialysed against
extraction burfer until the.protein had redissolved.

The protein sclution was centrifuged «t 105,000 g for

20 minutes to remove any remaining chloroplast fragments
and &applied for chromatography to a Sephadex G 75 column
60x10Yen which had been equilibrated with extraction
buffex.

The fractions containing protein eluited from the
Sephadex column were collected and ammonium sulphate
added to 410% ?;. After allowing tc stand at 50 for
1 hour the protein solution was centrifuged at 16,000 g
for 10 minutes and the supernatant mcde 24% 3; in
ammonium suliphata, The protein was collected by centri-

fogation. This fraction contained 90% of the total

* see appendix



Fraction 1 protein and about 10-25% of the Fraction 2

proteins,

s W 9 0
%6 /v in ammonium

The supernate was then made 60
sulphate, and the remaining protein collected by centri-
fugation. This fraction convained 75-90% of the Fraction
2 proteins and less than 5% of the Fraction 1 protein.
Both fractions were treated separately and dissolved in
50 ml of extraction buffer. The solutions were dialysed

qM sodium acetate buffer contain-

against 12 litres of 10~
ing 10—4M meréaptoethanol. The protein solution high in
Fraction 1 protein was centrifuged at 200,000, & Tor 2
hours. The pellet and viscous liquid layer at the bottom
of the centrifuge tube were separated from the remainder
;bf the liguid. The pellet and viscous liquid, which con-

" tained approximately 95% pure Fraction 1 protein, were

combined and dialysed against 2 x 12 litres of 0.1 M sodium

-~ ‘acetate buffer, containing 10—4M mercaptoethanol, to

'}.iedissolve thé protein pellet, and the Fraction 1 content.
3:§f the solution determined by analytical ultracentrifuga-
ifion. Two ml aliquots were pipetted into glass viéls and
stored at -70°C.

The Fraction 2 proteins (24-60% ammonium sulrhate
Practicn plus.the remaining iiquor from the ultracentri-

fugation of the Fraction 1 protein preparation) were
| dialysed ard stored in the same manner as for Fraction
protein. The protein content of this solution was deter-

mined by the Liuret using Sigma (Sigma Chemicals)
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fraction ¥V bovine serum albumen as the protein standard.
Fig. 1 (2. 2) shows a typical Fractionation of the

soluble leaf proteins of white clover.

(b) Preparation of salivary secretions.

1. Salivary mucoprotein was isolated as describsd by

Lyttleton (196&). Salivwa was collected from the mouth of
a non~-l=2ctating cow feeding on red clover hay. The
collecting device (Reid, unpublished) consisted of a
perforated copper tube which fitted under the tongue and
round the lower jaw of the animal. On application of
gentle suction from a water pump, saliva was collected
into an ice-cooled buchner flask.

The saliva was diluted with one tenth of its volume
of phosphate buffer, I1,0.2, pH 6.0, and heated to 70°C
for 10 minutes in a water bath. The saliva was centri-
fuged at 16,000 g for 30 minutes and the supernatant
liquor cocllected. This was cooled to 0°C and an equsl
volume of 1% cetyl “rimethyl ammonium bromide in water at
0°C added. The mixture was stirred vigoﬁrously for a few
minutes when a bulky fibrous precipitate formed which
contracted into a clot on standing fer a rew minutes.

The clot was withdrawn on a glass rod, and washed at 0°c
in 80% ethanol/20% 0.1 M sodium acetate and finally in
80% ethanol. The protein pellet was stored at -70°C in
50% ethanol. When required the protein was dissolved -
by dialysis against 1 M sodium chloride, followed by

dialysis against 0.1 M sodium acetate. The solution wac
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FIG. 1. THE FRACTIONATION OF SOLUBLE LEAF PROTEINS OF

(2..2) WHITE CLOVER

Photographs show the ultracentrifugation analyses of the

total proteins and fracticns.
(a) Total leaf proteins
(b) 10-24% ammoniumsulphate fraction

(c) Purified Fraction 1 protein (preparative centrifugation)

(d) Purified Fraction 2 proteins
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clarified by centrifugation at 105,000 g for 20 minutes.
The solution was analysed for sialic acid content and
protein nitrogen (Analytical Methods). Analytical ultra-
centrifugation of this material shewed a single hypersharp
boundary, using schlieren optics. This material wes
termed salivary mucoprotein and was believed to originate
from the submaxillary and sublingual glards {(Phillipscn
and Mangan, 1999).

2o Oesophageal mucin was collected either as the free

flowing secretion from an oesophageal fistula, with a
water-filled balloon inserted through the fistula down
the oesophagus, to act as a stimuluvs, or after emptying
the rumen, the balloon was passed vuu the cardia into che
oesorhagus and the mucin ccllected by gentle suction
(Reid, unpublished).

The mucin collected in these ways was a viscous
material showing the phenomenon of spinbarkeit (Burnet,
1951), and was disperse@ in one quarter of its 6riginal
volume of phosphate buffer, and heated to 7OOC fio@ ™10
minutes. Attempts to purify this material with the
procedure used for mucoprotein Ffailed because it was
impossible to redisperse the precipitated mucin in a
variety of buffers.

Examination of this material in the analyticau.
ultracentrifuge revealed that 1t did not contain detect-
able amounts of the salivary mucoprotein isolatsd from
the mouth secretion. A very high molecular weight
material was observed to sediment ranidly, and also a

low molecular polydisperse fraction was observed.



Analysis by acrylamide gel electrophoresis shcwed the mucin
samples to contain several low molecular weight proteins
and a large molecular weight component which did not stain
for protein with Coumassie blve, but did stain for
cartohydrate with the Schiff stain (Bodman, 1957) indicating
the high molecular weight component to be carbohydrate in
nature.

Sialic¢ acid levels in these preparations did not differ
greatly from one preparation to enother, whereas the protein
nitrogen determined on these samples varied by as much as

200% in different preparations.

12 (L&) Protozoal proteins

Protozoa were isolated from non-lactating rumen
fistulated cows fed on red clover hay, the rumen liquor
being taken prior to feeding the animals.

To 2 litres of rumen liquor at 37°C, 0.3 g of
glucose was added. The protozoa were allowed to feed
on the glucose and settle to the bottom of the flask.
As much as possible of the rumen liquor was withdrawn
by suction, without disturbing the protozoa.

The protozoa and remeining rumen liquor were
poured into a separating flask and mixed with 500 ml
of protozoawash solution (Clarke and Hungate, 1966).
After allowing the protozoa to settle, they were
separated into another separating flask together with
a further 500 ml of wash solution. The procedure was

repeated until the protozos were free of plant fragments,

5%



and then they were collected by centrirugation.

The contentis of the holotrich protozoa were obtained
by rapid freezing asnd thawing of a suspension of
protozoa in phosphate buffer I 0.2, pH 7.5 containing
10“uM mercaptoethanol, and grirding in a teflon/glass
homogeniser. The suspension was clarified by contri-
fugation at 78,C00 g for 30 minutes, and ithe protein
was precipitated from the supernatant by making it 60%
?; in ammecnium sulphate. The precipitate was transferred,
in the minirmum volume of a 0.1 M sodium acetate solution
éontaining 107 M mercaptoethansl to a heavy walled
dialysis tube, and dialysed against 3 x 10 litres of

MM

0.1 mol/iitre sodium acetate solution containing 10"
mercaptoethanol. Protein nitrogen was dctermined on this

solution, which was stored in 2 ml aliquots at -70°C.

(d) - The isolation and fractionation of the polar :ipids

of red clovei.

1. Extraction of total 1ipids of red clover (Trifolium

pretense 1..) was performed as described by Roughan (1968).

Red clover leaves (2 kg) were collected froem a pure stend
in <¢he field. Samples (200 g) were extracted in the cold
with 10 volumes of methanol/chioroform, 7/3,v/v, in a
Waring blendor and filtered. The residue was re-extracted
with 5 volumes of chloroform and again filiered. The
filtrates were combined and shaken with one fifth of their
volume of a 0.73% aqueous sodium chloride solution. The

mixtuve was left overnight For the phases to settle, and
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the chloroform leyer collected and evaporated to dryness
under nitrogen. This tetal 1lipid residue was dissolvedl
in chloroform/me chanol 9/1 v/v.

2 Separation of the acidic lipids was achieved on @

-

D E A E cellulose resin as described by Rouser et al.(1563).

D & AE cellulose (200 g) was purified as described by
Rouser (1963), by successive washing of the cellulose with
1 N hyftoehloric wcid, waterianfl 1 § sodivm hydrexideé., LT
wae then washed with methanol and air dried. The cellvlose
was dispersed into acetic acid in an homogeniser, and
boured into a column (6.6 x 4C cm). After packing under
a nitrogen pressure of 5 p.s.i. the column was washed
with acetic acid, then methanol to remove all the acetic
acid, and finally chloroform/mathancl,9/1,v/v.

The 1lipid mixture (equivelent to 250 g of fresh weight
leaf) was epplied to the top of the column, and by
successive elution with three solvent mixtures were
fractionated into three main classes.

1.  Blution with chloroform/sethanol ,9/1,v/v eluted
the chlorophyll pigments, neutral lipids, monogalectosyl-
diglycerides, and some phosphatydyl choline.

2. Elution with chloroform/methanol, 7/3,v/v
eluted the digalactosyl diglycerides, phosphatydyl
choline; and phosphatydyl ethanolamine together with
some pigmént material. The colwum was eluted with
methanol which removed some non lipid pigments.

Z. Elution with chlor »form/methanol, L4/1 v/v,
containing 0.05 M ammonium acetate and 20 ml of concen-

* see appendix
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trated ammonium hydroxide per litre of soivenc, elpted
the acidic lipids phosphatydyl glycerol, phosphatydyl

inisitol, and the sulpholipid.

The column was regenerated by washing the colunn with

glacial acetic acid.

5% Separation of the lipids

Each of the fractions from the D B A E column was
further resolved into individual classes of 1lipid by
silicic acid chromatography, as described by Rouser
et al. (1967).

Silicic acid, was transferred in chloroform to a
glass chromatography column, 2.5 cm in diameter, and
filled to a height of 20 cm. Each fraction from the
DEAE colum, after concentration and dissolution in
chloroform, was subjected to silicic acid chromatography
eluting the 1lipids with the following solvents in the
order:

1 chloroform
chloroform/acetone, 8/1,v/v
chloroform/acetone, 1/1,v/v

acetone

m F W N

methanol

The first fraction from the D E A E separation was
fractionated into (a) pigments (chloroform); (b) neutral
lipids (chloroform); (c) neutral 1lipid (chloroform/
acetone, 8/u.v/v); (d) monogalactosyl diglyceride

(chloroform/acetone, 1/1 v/v); and (2) phosphatydyl
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choline (methanolj.

The second fraction from the D E A E column was
separated on silicic acid into (a) pigments (chloroform;
chloroform/acetone, 8/1)v/v; chloroform/acetone, 1/1, v/vj;
(b) digalactosyl diglycerides (acetone); (c) phosphatydyl
choline and phosphatydyl ethanolamine (methanol).

The third fraction from the D E A E column was
separaicd into (a) pigments (chloroform; chloroform/
acetone, 8/1 and 1/1); (b) sulpholipid (acetone);

(c) phosphatydyl glycerol and phosphatydyl inisitol
(methanol).

A flow diagram of the 1lipid separation is shown in

Fig. 1 (2. 9).

(e) Isolation of the protein precipitating agents

(tannins) from Lotus pedunculatus Cav.

The protein precipitants of Lotus pedunculatus Cav.

were isolated from finely ground freeze-dried leaves
using the procedure adopted by Feeny anrnd Bostock (1968),
for the quantitative measurement of tannins from ozk

leaves (Quercus robur L.).

50 g of freeze dried leaves were extracted with 500
ml of acetone/water 70/30 v/v and filtered. The plant
residue was re-extracted with a further 500 ml of the
acetone/water solvent and filtered. The ccmbined
filtrates were savurated with sodium chloride, and the

acetone and aqueous layers separated.
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wash with 0.73% potassium chloride
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FRACTIONATION OF THE FOLAR LIPIDS OF RED CLOVER

(2. 5)

(TRIFOLIUM PRATENSE I.)
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To the ascetone layer, 2 volumes of ethanel and 415 volumes
of’ anhydrous diethyl ether were added, and the precipitate
of sodium chloride snd tannins which formed was collected
by zentirifugation. The precipitate was dialysed against
distilled water (40 1itre§) and the dialysed solution
IwecEe areds.

The £0lid so obtained was a light brcwn {1luffy solid
which was completely soluble irn 410% aqueous acetone.

Two dimensional paper cihrometography using the clutiown
solvent butanol/acetic zcid/water, 60/415/25 v/v/v followed
ﬁy clution with 2% acetic acid and spraying the chromato-
gram with ferric chleride/potassium ferricranide reagent
revealed conly one component which had not removed from the
origin though showing some streaking with acetic acid
solvent. ’

This material gave an instantsneovs red colouration
when sprayed with a vanillin/hydrochloric acid reagent,
indicating it to be a condensed tannin. Copious precipi--
tates wers produced when this msterial was added to

solutions of soluble proteirs.



\N

Metheds of Studying fcams

(a) The measurement of protein.foam parameters

Two systems were used to examine the nature of
protein fosms in the work described in this thesis. The
temperature was controlled by immersing the respective
apparatus in a water bath tnermostatically controlled
bol & 0. 5.

(T The modified Mangan apparatus. The original

Mangan spparatus was designed to study properties which
he helieved were relevant to surface-viscous foams. The
most useful measurement was termed 'foam strength',

which he considered to give a measure of the ability of
the foam to resist mechanical rupture. Mangan examined

total red clover protein foams with this apparatus

(Mangan, 1958; 1959).

Because the volumes of protein solution used in

this apparatus were large (100 ml per measurement), the

- size of the apparatus was reduced so that the velume of

$0lution used per determination was only 10 ml.

The apparatus consists basically of three parts:
The foam tube, the gas supply and dispersion section and
the falling weight. A diagram-of the salient features of
the modified apparatus is shown in Fig. 1 (3. 1).

The foam tube consist>d of a high precision bore

glass tube, 1.6 cm internal diameter and 37 cm long.

The gas supply and dispersion section. The flow of

nitrogen gas from a cylinder of constant outlet pressure
(40 psi) was regulated with a 'flow stat' (Platon instru-
nents, Crawly, England) gas flow controller, the flow

rate Ghrough the system being indicated visually on a

'gap meter' (Platon instruments). Gas was dispersed into
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Fig. 1 (3. "b) The falling weight assembly used in the

Ifangan apmparatus.

Left The basic weight (3.5 gms)
Right Extra weight which can be added to the

assembly. (14.5 gms)
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the solution being studied using gas micro immersion-
filters of different porosiiy sinters.

The fslling weight. The weight used in this system

was redesigned to achieve the minimum of friction between
the fsalling weight and the walls of the tube.

A piece of brass rod 1.8 cm in diameter and 5 cm
long, was turned on a lathe to decrease the diameter of
the ¥Fed te give 245 & ’IO"5 inch clearance between the
walls of the tube and the weight. The rod was cut away
so that it touched the glass walls only at its top and
bottom over a distance of 1 mm.

The rod wsas hollowed out leaving the top and bottom
supported by three narrow strips of brass 2 mm wide by
1 mm thick. Holes were cut ovt of the top of the weight
for the nitrogen released from the collapsed foam to
escape. ‘e base was fitted with a wire mesh (28 gauge
wire, 64 holes per cm2). Additional weights could be added
to the top of the basic weighti which weighed 3.5 g. A
photograph is shown in Fig. 1 (3. 1b).

Measurement of foam strength. The base of the glass

tube was fitted with a rubber stopper which carried a micro
immersicn filter to disperse the gas, and a tube connected
tc a reservoir of the solution from wnich the foam was to
be generated.

5 wl of the solution wcs introduced into the apparatus,
and nitrogen at a flow rate of 30 ml sec—/I was dispersed
into the solution. The level cf solution above the sinter

was maintained by additions from the reservoir. -The
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column was filled with foam to a height 25 cm and the
weight (total weight was 18 g) carefully lcwered on to
the top of the foam. It was then released and the time
taken for the weight to fall through the total column

of foam measured. Foam strength is defined as follows:

Foam strengta = 100 x time (sec) taken to fall through
column of foam

Length of foam column in cm
The fall times ranged from a few seconds to 1 hour.

e B8 The Laby apparatus. Laby (1969) described an

apparatus suitable for measuring parameters which assist
in charadterizing persistent strong foums such as those
derived from soluble leaf prcteins. A diagram of the
apparatus is shown in Fig. 1 (5.1). The apparatus con-
sists of a foam tube in which the foam is generated, and
the measuring»equipment whiéh detects pressure exerted by
the foam.

The foam tube is made up of two sections (a) the
drainage chamber and (b) the foam chamber. The drainage
chamber consists of é barrel from a 10 ml graduated
measuring cy'linder which carries a porosity 3 glass filter
disc at its base. This chamber is connected to a foam
chamber of pyrex tubing 33 mm internal diameter and 105 mm
long.

The measuring equipment consists of a stainless steel
sensing disc 16 mm in diasmeter which is connected to the

arm of a transducer (Shinkoh Communications Industry,

uribonded strain gauge type UL-10-120) by a
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stainless stecl rod 1.6 mm in diameter. The input for
the frqnsducor was obtained Tfrom a stapbilized DC nower
supply. The output from the transducer was reccrded by
a millivelt recorder (Hitachi Ltd, type QPD 54) using
the circuit diagram given by Mansfield (41963) to balance
the no load output from the strain guage.

Calibration of the transducer. The response of the trans-

ducer o different loads added to the arm of the
transducer was determined using the 1 m volt range on a
Hitachi chairt recorder, which had been adjusted to give
full scale d=flection for 5 g ard 10 g respectively.
Weights 1-10 g were added to the transduces arm and the
pen deflecticn of the recorder noted. This was repeated
with the recorder giving full scale deflectiion for 5 g,
and with weights in the range -5 g added to the trans-
ducer arm.

The response was linear with the force.applied to
the arm of the transducer for Loth sensitivities
measured.

Measurement of foam parameters was accomplished as

follows:

The drainage chamber is filled to the 10 ml gradu-
ation mark with the solution to be foamed. The sensing
dise and vonmmeeting rad s fitted o the afm of the
transducer so that the disc is positiéned at the 60 ml
mark o:i the €oam chamber and conceniric with it. Nitrogén
at a controlled flow rate o 20 ml per minute is passed
via the sinter into the solution in the drainage chamber.

The foam which is generated enters the foam chamber and
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flows past the sensing disc. Its effect on the disc is
recorded from the output of the transducer. Froam is
generated to the 80 ml mark on the foam chamber, and the
gas supply turned off. The volume of liquid remaining
in the drainage chamber is recorded and the rate cf
drainage of liquid from the foam into the drainage
chamber measured.

Two parameters are obtained from the recorder trace
of the transducer output:

(a) The maximum compressive strength Cge This is the
maximum pressure exerted on the disc as the foam flows
past the sensing disc. The units of compressive strength
are g s

(v) The stress relaxtion S, is the rate at which the
stresgjapplied to the sensing disc by the Ifoam,decreases
after the gas flow has been turned off. It is determined
from the gradient of the recorder trace, and has the units
g em™2 sec”?,

Two other parameters which we:re derived from the
study of foams in the Laby method were the foam retention
volume and the drainage constant.

When the foam is first formed it contains a volume
of liguid Voo The volume of liquid actually present in
the foam at any time may be measured by subtracting the
volume of liquid in the drainage chamber from the amount
originally introduced (10 ml). With increasing time, |
the amount of liquid which drains from the foam approaches

a volume v so that the liquid retained falls tc the

oo’
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limiting volume Vios ~ 19,0 known as the foam iretention

voluune.

The drainage of liquid from protein foams is

best described by the equation of (Laby, 19569)

dv ' 2

where k2 is the second order rate constant, and v the
volume drained from the foam at time t.
Integration of the equation and rearrangement

leads either to the form

|

|

+
< I
no
oy PN

whence Vso MaY be obtained from the slope of a plot of

t/v against t, or tc the form

= kit o+ 1
o0 VOO

. whence k, may be obtained from the slepe of the plot of

1 @mainst B

. Reprcducibility of the foam measurements

Using & standard protei:r soluticn, 5 determina-
'tions of eeach parameter frbm both systems were measured,
each time usiné a fresh aliquot from the same solution.

Foam streungth data obtained from the modified Mangan
apparatus had a maximum deviation from the mean of 15%.

Of the parameters measurcd in the Laby epparatus,

compressive strength was the most reproducible coefricient

with a maximum deviation from the mean of approximately 5%.



The deviation from the mean of the stress relaxation
measurementé was between 5-10% of the mean, foam reten-
tion volume (vO - Voo) approximately 10-15% of the
mean, and the least reproducible measurement was k2
with a maximum deviation from the mean of 20%. In all
tne foaming studies in this thesis at least five
determinations of each parameter on any solution were
made in each experiment. Two standard deviations are

represented on the graphs as a bar, Q .

(b) Foam fractionation procedure

In experiments carried out to concentrate and
determine the surfactant materials in foams derived in
vitro from rumen liquor, the -apparatus was similar to
that used by Wace and Banfield (1966) which they termed
the 'plateless' foam fractionator. The apparatus con-
sisted of four stages, each section consisting of a wide
(6 cm diameter) and a narrow tube (2 cm diameter) 12 cm
long joined together.

Rumen liquor (71 litre) was taken, via a rumen
fistula, from cows # hour after feeding on red clover
had commenced. The rumen liquor was squeezed through two
layers of butter muslin to retain large plant fragments,
and the liquor diluted with an equal volume cf phosphate
buffer, I 0.1, pH €.0, and poured into a 3 litre flask.
The flask and contents were placed in an ice-bath.

The fractionating column was connected to the
flask, and foam was generated by bubbling carbon dioxide
through the liquor via a porosity 3% sinter. The foam was

subjected to a series of compressions and expansion: &g



i1t was forced through the narrow and wide sections of the
apperatus. This resulted in a rapid drainagez nf the
ligquor tnat had been carried up in the foam. The gas
flow was adjusted so that the liquid draining from the
foam was able to drain back into the flask. The foam
was collected at the top of the fractionating column in
a 2 litre flask. .- The foam was collapsed with a few
drops of ether and freeze dried. The freeze dried solicC
was stored at —70°C over calcium chloride. 200 ml of

the original rumen liquor were also freeze dried and

stored at —70°C.
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CHAPTER 2

THE SOLUBLE PROTHINS CF BIOAT AND NON-BLOAT PREVOKIRG TLEGUME

SPECIES AND THE RFOAMING PROPERTIES OF THE EXTRACTS DERIVED

FROM THEII.

The soluble leaf ,roteins of legume pastures and correlation

with bloat potential of the forege.

Bloat is associated with cattle foraging on pasture rich
ir legume species (Johns, 19543 Bartley, 1965). However,. when

cattle forage ccrtain legume pastures such as Lotus corniculatus

bloat does not occur.

Cooper et_al. (1966) found that the extracts from leaves
of legume forages considered not to irduce bloat yielded
smaller volumes of foam in vitro than exiracts from bloat
inducing forages. Kendall (41966) was able to produce large
volumes of foam in vitro from similar non-vloating forages 5y
addition to the leaf extracts of scluble polyvinyl pyrroiidone
(PVP)., an egent known to complex tannins and phenolics
(Anderson, 4968). He was also ablec to decrease the volwne
of foam produced from bloating legume extracts by addition of
a commercial tannin preparation to the extract. He postulated
that the hon—bloatin; pastures contained tannins which .
interacted with the protein/buffer system in such a way as

to inhibiv foam production. The nature of the interaction



74

was not explained, nor werc tannins isolated from these¢
plants which he examined.

A major group of non-bloating legumes is the
trcpical species. Bloat has been reported only on one
of the main tropical legumes used as pasture for cattle
in Australia (Hamilton and Ruth, 1968), but the absence
of bloat could not be explained in terms of the tannin
content of trne leaves (Hutton and Coote, 1966).

McArthur et al. (1969) found that the level of
Fraction 1 protein which he claimed to be the foaming
agent responsible for bloat, was extremely low in the
non-bloating temperate legumes he had examined. Fraction
1 is associated with the enzyme responsible for photc-
synthetic fixation of carbon dioxide in plants (Trown,
1965), and therefore McArthur's result seemed unusual
because many of the non-bloating legumes have soft, green
leaves which would be expected to be high in photosyn-
thetic activity, and hence high in Fraction 1 protein.

In view of the results observed by Kendall (1966)
ané McArthur (1969), it seemed possible that the inter-
action between tannins and the soluble proteins was to
produce an insoluble tannin/protein complex on grinding
the leaves of the non-bloating legumes. This hypothesis

was tested in this chapter.

2.1 Detection of protein precipitants in lepgumes

1 gm of leaf tissue was extrscted in a coaical,

ground-glass homogeniser into 1 ml of either
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(&) KHZPou; Na,liPo) ionie strength 0.4 pH 7.5
containing 0.1% ascorbic acid, 1 nM sndium diethyl-
dithiccarbemate, and 0.1 miM mercsptoethanol; or
(b) the same buffer containing in addition 2% soluble
PVP/molecular‘weight 30,000).

ATler grinding until the leafl tissue was
complately disrupted, the homogenates were centrifuged
at 16,000 g for 30 minutes to sediment the insoluble

materisl. The supernates were made 10% in sucrose and

25mm3 analysed by acrylamide gel electrophoresis

(Section 4 (1 a.)) to reveal the soluble proteins in
the extract. An increase in the level of protein in
extract (b) compared with extract {a) indicated the
presence cf protein precipitants in the extract, pre-
sumably tannins, which complex preferentially with PVP

rather than with leaf proteins.

The soluble leaf vroteins o legume feorages used in New
Zealand.
The major lzgumes used in New Zealand are white

clover (Trifolium repens L.), red clover (Trifolium

pratense L.), subterranean clover (Trifolivm subterraneum

L.) and lotus major (Lotus pédunculatus Cav.). There is

no record of lotus major used as a forage having produvced

bloat, and a closely similar plant, Lotus cornjculatus L.

is recognisFci as a non-bloating legume (Kendall, 1966).
B.loatl occurs occasionally in cattle.grazing subterranean

clover (McDonaid, 1968), and it is very common in cattle
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grazing both red and white clover.

The lotus major, white and red clover samples were
taken from pure stands in the field, and the subterranean
clover was grown in pots in a glasshouse during the
summer months.

Extracts of these plants were examined for protein
precipitants as described in Section 2 (1). Photographs
of the acrylamide gel are shown in Fig. 2 (2). It can
be seen that the addition of PVP to the extraction
buffer had no measurable effect on the level of protein
released into the extracts, of the forages associated
with bloat. In the case of lotus major, the non-bloating
forage, the addition of PVP increased the level of
extractable solutle protein substarntially. The leaves
of lotus major appear to contain constituents which
precipitate the soluble leaf proteins when the cells are
broken, and PVP seems to bind these precipitating agentes
preferentially, enabling the protein_to be released in a
soluble form. This would suggest that these agents are
tannin-like in nature (Loomis and Battaile, 1966).
Fuéther evidence to suggest that these materials were
tannins was the demonstration that authentic tannins
could be isolated from lotus majcr (analytical methods
1l (Za 6] Je

A survey of the legume forages which do and do not cause

bloat.

Because of the results obtained above, the foliowing

experiments were undertaken firstly to find out if the
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FIG. 2 (2) THE SOLUBLE PROTEINS EXTRACTABLE FROM THE LEAVES
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Subterranean clover
White clover

Red clover

represents the leaves extracted into phosphate buffer

" " " 11 " " " + ")’VP



78

absence of bloat on legume pastures could in general be
correlated with the presence of tannins in these forages,
and secondly to attempt to correlate the compressive
strength (Methods 1 (3. 1b) ) of foams derived from
extracts of these legumes with their bloat potential.
Tannins are defined by Swain (1965) as compounds with
molecular weights 500-%000, containing 1-2 phenolic
hydroxyl groups per 100 molecular weight, which can

combine with proteins causing precipitation of the protein.

No satisfact.ry chemical assay of tannins as such scems

to have been devised (Feeny and Bostock, 1968) which led
us in culs thesis to detect their presence by their action
as protein precipitants (2 (1) ).

Plants 1-18 (Table 2 (5.1).) were grown in glass-
houses during the summer months, the tropical legumes
12-18 being held at a minimum temperature of 60°C. The
tropical legumes 19-21 were grown in the field at C.S.I.R.O.,
Division of Tropical Pastures, Brisbane, and extracts were
made during a visit to that station by me.

Leaf samples of all the legumes in Table 1 (2. 3. 1)
were examined for tannins using the technigue described in
part 2 (1) of this thesis. Results are shown in Table
e Bm Wy

Compressive strength measurements (1. 3%a) were made
on leaf extracts prepared as follows: 5 gm of leaf were
ground into 20 ml, 0.1 M sodium acetate buffer, pH 7.6, con-

taining 41 mM sodium diethyldithiocarbamate until the leaf tissu



LADLE Z
DN THE PROPERTIES OF BLOATING AND NON-BLOATING LEGUME FORACES

(3. 1)
I bl
A Presence (Meen of 9
GEREAS soluble of protein | determinations) Bloat
protein precipitants Compressive Reported
strength
(+ 0.05)
TEMPERATE LEGUMES
1 Trifolium hyb»idum L. - - - o
2 Trifolium repens L. 2 u@t 5-% 2.43 Z+g
3) Trifolium pratense L. 1.86 (- 2.2% +
L) Medicago sativa L. 2R o) (- 2.42 +
5) Onobrychis viciifolia (Scop.) 0.10 (+ 0.00 -
(6) Ornithopus pinnatus (Mill.) 0.12 (+ 0.00 (-
Druce*
(7 Ornithopus compressus ** 0.83 (+)trace 1.02 (=)
§8 Ccronilla varia L. 0.04 + 0.CO -
9 Lotus corniculatus L. 0.13 + @3 35 -
210 Lotus pedunculatus Cav. 0.06 - 0.00 -
Wil Lespedeza stipulacea L. - + - -
TROPICAL LEGUMES
'12% Dolichos lab lab C.V. Rongai 0.63 2.02 (+
213 Dolichos axillaris E. Mey - - (-;
(C.P.0. 1781L)
(14) Desmodium intortum (Mill.) 0.06 (%) 0.00 (=)
Urb. (C.V. green leaf)
(15) Desmodium uncinatum (Jacgq.) 0.04 (+) 0.00 (=)
DC C.V, silverlesf
(16) Phaseolus atropurpureus 0.83 (=) 1.25 (=)
DC C.V. Siratro
5173 Lotononis bainesii Baker 0.33 (- 0.56 =i
18) Glycine javanica L. - (- - é—)
(C.V. Clerence)
(19; Stylosanthes humilis Rich. 0.56 (=) 0.62 (=)
(20) Ieucaena leucocephala (Lam.) Os 3k (+ 3trau 0.56 %—3
(24) Lotus purshisanus - LF - ~
* Anthreclobium pinnatus (Allen N.Z. D.S.I.R.

Bull. 83, 1940, p 131)
¥ (Gladstones, J. S.; Barrsti-Lennard, R. A.

6L
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was completely disrupted. The total extract was trans-
ferred wiph washings to a 50 ml volumetric flask and made
up to the 50 ml mark with 0.1 mol/iitre sodium acetate
buffer. The compressive streangth was determihed in the
Laby apparatus, on focam generated from 10 ml of the
suspension, with pH adjusted to 5.8, held at 37°C. Three
determinations of compressive strength were made on each
of three different leaf extracts from each plant and the
average result is shown in Table 2 (3. 1).

Soluble protein was also determined by nitrogen
estimation ox 2 ml aliquots of the above extracts after
centrifugation at 16,000 g for %0 minutes. These results
are also shown in Table 2 (3. 1).

It can be seen that in the case of all the legumes
in which tannins were found, bloat has not been reported.
With temperate legumes, only those containing tannins
were not associated with bloat. In the case of tropical
legumes, Table 2 (3.1) indicates that absence of bloat is
not clways to be correlated with the presence of tannins.
In these plants, however, the level of extractable protein
was markedly lower than with the temperate legumes on which
bloat can occur. Probably as a consequence of the differ-
ence in protein concentration the ccmpressive strength of
all fcecams derived from extracts of non-bloating forag s
was low in comparison with foams derived from extrants of
bloat producing legumes.

Although bloat is uncommon on tropical legumes, bloat

has been reported on Dolichos lab lab (Hamilton and Ruth,

1968).
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Here the level of soluble protein in the extract was lower
than the level found in several other species which have
not been associated with bloat. However the fram produced
from extracts of this plant revealed a compressive strength
which was comparable to that from temperate legumes which
frequently give pise to bloat and considerably higner than
those from other tropical species. Good correlation was
obtained between compressive strength of foams derived

from leaf extracts and the bloat potential of temperate

and tropical legumes, whereas tannin content could only be

correlated with the bloat potential of temperate legumes.

2.4 Examination of Trifclium species for tannins

The results cf the preceding section suggest that if
tannins could be bred into bloating legumes, then pastures
containing such a 1legume may not cause bloat. The main
legume forages in New Zealand are the clovers (Trifoliae;.
In order to find suitable material fér crcss-breeding with
white clover or red clover, or to rind material that might
be suitable for mixed pastures with theée clovers, a
selection of Trifoliae was examined.

Piants were grown in the glasshouse in pots, the soil
having been innoculated with the correct rhizobia. The
plants were examined for tannins az described earlier
(2. 1). The results of this investigation are shown in
Table 2 (4. 1). Photographs showing the proteins of

Trifolium arvense, Trifolium bocconei, Tcrifolium medium,

are shown in Fig. 2 (4. 1). Tannins were only found in



Trifolium species Tannins present

repens -
pratense -
hybridum -
subterraneum -
arvense +
squanmo sum =
Ssguarrosun =
dubium -
achroleucums -
incarnatunm -
med 1um -
striatum -
scabrum# -
stellatum -
bacconei * -
cherleri * -
hirtums= -
lappaceum# -
alexandrinum -
escherinatums* -
tricocephalum# -
ligusticum* -
diffusums= -
purpureun * -
pallidum#* -
phleoldesx* -
nigrescens -
glomeratum -
Tregiferuvm -
semipilosum -
burchillisgnum -
vesiculosum -
ambiguum -

TABLE 2 THE_PRESENCE OF CONDENSED TANNINS IN
( ) SELECTED TRIFOLIUM SPECIES
= 1

* Trifolium species believed to ©be closely related

genetically to Trifolium arvense.
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TiG. 2 ACRYLAMIDE ELECTROPHORETIC ANALYSES OF THE SOLUBLE
(L. 1) PROTEINS EXTRACTED FROM THE T.EAVES OF SOME OF THE
TRIFOLIUM SPECIES

1. Trifolium arvense L.

2. Trifeliwm bocceonel L.

I 3 Trifolium medium L.

a. Leaves extracted into phosphate buffer.

b. Leaves extracted into phosphate buffer containing

2% FPVP.
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Trifolium arvense. Although the plants marked with an

asterisk % were velieved to be closely rclated genetically

to Trifolium arvense (Healy, 1970), no tannins were found

in these species. Although Trifolium arvense is of no

interest as a forage, and would be unsuitable for use as a
mixed pasture, the fact that tannins have been found in the
Trifolium species gives some hope of finding a suitable

specie~ or of inducing tannins into the blonating c¢lovers.

The occurance of tannins in Lotus species.

Eight lotus species were grown in pots in glasshouses.
They were examined for tannins using the procedure
described in Section 2. 41 of this thesis. The results
are shown in Table 2 (5. 1). The only species which did

not contain measurable amounts of tannins was Lotus tenuis.

Lotus scoparius and Lotus angustissimus contained

sufficient tannins to precipitate all of the Fraction 2
proteins and some of Fraction 41 protein. The remaining
Lotus species contained enough tannin to precipitate all

the soluble protein in these plants.

Summary

The examination of the proteins of legume forages

indicates that

1.

The non-bloating temperate legumes do not release soluble
rrotein wren their leaf tissue is disrupted, whereas the
bloat provoking legumes release high levels of soluble

protein. This difference is due to the presence of protein
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Lotus species Tannin content

corniculsatus
pedunculatus
tenuis
scoparius
maroccanus
divaricatus
hispidus

angustisimus

F w &£F F F W O FF F

purshianus

THE TANNIN CONTENT OF LCTUS SPECIES

(5. 1)

0 No precipitation of soluble proteins.
1 Precipitation of some of the Fraction 2 proteins.
2 Precipitation of all the Fraction 2 proteins.
3 Precipitation of all the Fraction 2 proteins
and some of the Fraction 1 protein.

L Precipitation of all the soluvble proteins.
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precipitants, tennins, in the leaves of the rcrmey
plents.

Tanning were net found to be present in the leaves of the
non~bleating tropiecal legumes, wWith the excepliien o6f the

Desmodium species. However, the compressive strength of

Tfoams deriveu Trom extracts of these legunes was low,
corvelEting Wwith theilr Blesdl potettial.
Examination of some of the Triiolium species indicated

that tennins were present in the plent Trifelium arvense

and although this plant is useless as a forage, there is

a possibllity of obtaining a Trifolium species which
might prove to be suitable material for breeding into
the New Zealand pastures in an attempt to minimize the
ocourEence «of vloat.

Tannins are comncn in the lotus species. If the problem
of mixed regrowth that occurs in loitus major/white clover
pastures could be overcome, a pasture conteining clover
and tannin-containing forage such as lotus, clcsely
assocliated so that they are grazed together, might prcve
useful in controlling bloat.

These results add support 4o the hypcthesis that soluble

protein is an importént factor in the aetiology of bioat,
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CHAPTER 3

THE FOAMING PROPERTIES OF THE SOLBULE LEAF PROTEINS OF

RED AND WHITE CLOVER, THE HOLOTRICH PROTCZOAL PROTEINS

AND THE SALIVARY PROLEINS.

The foaming properties of the soluble leaf proteins

The research described in this chapter was under-
taken to determine the conditicns required to produce
stable protein foams. The types of apparatus used for
measuring the foam properties are described in the meth-
adsl, cectdlen 1. 21 &)a

The results from the previous chapter (2) suggest
that plant leaf proteins are the foaming agents involved
in the bloat syndrome. The conditions required for stable
foam production from these proteins are therefore studied
in the following chapter. The proteins were dissolved in
a sodium acetate buffer (0.1 mol/litre) which was adjusted

to the desired pH with glacial acetic acid.

(a) Studies using the Mangen apparatus

(1) The effect of protein conceantration on foam strength.

In order to determine the minimum concentration of
protein required to produce strong foams, solutions o.
Fraction 1 and Fraction 2 proteins in 0.1 mol/litre acetate
buffer, pH 5.8, of protein concentration 0.001 to 0.1% W
were foamed in the Mangan apparatus. The gas flow was
30 ml min’q, and the temperature was maintained at 3700.

A porosity 2 micro-immersion filter was used to dicperse

the gas.



Resulte for Fraction 1 and Fraction 2 proleins are
shown in Pig. 3 (4. 1). The minimum concentrations of
Fraction 1 and Fraction 2 proteins reguired tc produce
a full colwm of foam were 0.C05% and 0.0086% 7,
regspectively.

However, foams did not show any measurable foam

strength until the concentration of Fraction 1 was 0.01%

W

[, and Praction 2 was 0.02%.

(2) The effect of bubble size on foam strength.

Solutions of Fraction 41 protein, at pH 5.8 and 37°C
were foamed in the Mangan apparatus using different
porouvity sintered micro-immersion filters to disperse
the gas. The porosity sinters were cof the following pore
size.
porosity 1 90-150 pm
porosity 2 L0-50 pm
porosity 3 20-30 pm
porosity 4 5-10 pm

Foam strength was measured on these roams,

Results are shown in Fig. 3 (1. 2). The results
indieate thas bubble §ize is extremely important in
determining the 'strength! of a foam. The large pore
sinters produced loose large bubble foams of low 'strengfh'
whereas the small porosity sinters produced solid :minute
bubble foams of high shear strength.

The nunber of interfacial films; the total surface

area and therefore the amount of denatured protein per given
volume of foam would be greater in the small bubble foam than
in the large bubbie foam and this possibly explains the
differences found between the resbective 'foam strengins'
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of these foams.

(3) The influence of temperature on 'foam strength'

An increase in temperature could be envisaged as
decreasing the stavbility of interfacial films by decreas-
ing the surface viscosity of the films, which in the case
of foams would lead to an increase in the rate of drain-
age of the 1liquid from the foam. This would produce a
rapid thinning of the film lamellae, thus hastening the
rupture of the films and collapse of the foam.

Conversely in the case of protein films where the
denatured protein in the surface is not in equilibrium
with the protein in the bulk solution, an increase in
temperature would increase the rate of diffusion of the
protein molecules into the surface without causing an
increase in diffusion of the-molecules from the surface
back to the bulk solution. An overall increase in the
rate of denaturation of protein would result. However
the rate of diffusion is proportional to the absolute
temperature, and this effect would therefore be unimpor-
tant over the temperature range examined in this experiment.

Protein solutions contéining 0.03% W/v Fraction 2
proteins or N.025% "/v Fraction 1 protein in 0.1 mol/litre
sodium acetate buffer pH 5.8, were foamed in the tempera-
ture range 5 to 55°C. A porosity 2 sinter was used to
disperse the gas. Samples and apparatus were equilibrated
to the desired temperature before the foam was generated.

Results are shown in Fig. 3 (1. 3).

The results indicate that increasing the temperature

markedliy reduces the ivam strength of the plant protein
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foams. The decrease in foam strength as the temperat-
ure increases, is prcbably to be explained in terms of
the dryness and brittleness of the foams at high temper-
atures, arising frem the rapid drainage of liquid from

the foam at these temperatures.

(4) The effect of pH on the foam strength of protein

fooms.

Studies on protein films (Cumper and Alexander,
1950) showed that the surface viscosity of protein films
was maximum at pH's close to the isoslectric pH of the
protein. At this pH the net charge on the protein mole-
cule is zero, and the electrostatic repulsion between
molecules is weakest, leading to maximum cohesion between
the protein molecules that diffuse to the air liquid
interface. The denatured protein, carrying zero net
charge would be capable of intermolecular interaction by
hydrogen bonding or Van der Waal's forces, giving rise
to a rigid film of high surface viscosity.

Surface wviscosity is an important factor involved
ir foam stability (Brown et al. 1953). If the maximum
foam strength was reiated to surface viscosity it would
be expected *o occur at the isoelectric pH of the protein.
Protein sclutions containing 0.04% Fraction 1 or 2 in
0.1 M sodium acetate buffer were adjusted to pH's -in the
range 3.5 - 7.6. Foam strength was determined on the
foam generated from these solutions. Results are shown
in Fig. 3 (1. 4). The maximum 'foam strength' for Fraction

1 protein foams occur at pi 5.8. This pH is close to the
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isoelectric pH of the protein molecule (Pon, 1967). The
maximum 'foam strength' of Fraction 2 protein foams
occurred at pH 5.1-5.2, although strong foams were produced
over the pH range L.,0 to 6.3. This is not surprising,
since Fraciion 2 proteins are a heterogeneous mixture of

proteins of different isoelectric pH's.

g1 (D) Studies using the Leby apparatus

In 1969, Laby reported an apparatus which enabled
him to characterise foams generated from a variety of
surfactants. He measured four parameters of the foams.
Two of these were derived from the foam drainage cdata by
applying the sccond order relatiom dv = k2(v0 -V )2
1 (3. 1 b). The remaining two quan%gties are physical
properties, the compressive strength and the stress
relaxation, which are determined as described in part 1
(3. 1 b) of this thesis.

The variables, stress relaxaiion, the foam retention
volume, and k2 are reported to give some measure of
persistence of foams (Laby, 1969). In this thesis k,
wae often difficult to interpret and therefore was not
reported in the resulvs which follow. However, an incresase
in persistence of foams was always accompanied by an
increase in the foam retention volume, and a decreasc in
the stress relaxation.

The comprecsive strength gives a measure of the

rigidity of the foams.

(1) The effect of protein concentration cn the foam

parameters.
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Solutiocns of proteins containing 0.091% to 0{1% v;
Fraction 1 or 2 protein were foesmed in the Laby apparatus
at 3700 and the parameters measured.

Results are shown in Fig. 3 (1. 5).

The minimum concentrations of Fraction 1 ar.d Fraction
2 proteins regquired to produce foams having measurable
stress relaxation were 0.02% and 0,03% @; respectively.
The foam retention volume increwsed from 0.2 ml at 0,02%
Fraction 1 to 3.€ ml at 0.1% protein. The foam retention
volumes of Fraction 2 protein foams incressed to 1.0 ml
at 0.1% E; protein.

Although compressive strength of foams produced from
solutions of Fraction 1 protein below 0.02% ﬁ; protein
was high, *he foams so produced either did not give a
uniform column of foam or they collapsed instantaneously.

(2) The relationship between compressive strength and

bubble size.

Foams were generated from solutions containing
Fraction ! protein (0.005 to 0.4%) in 0.1 mol/litre sodium
acetate vH 5.8. The barrels of the liquid chambers of the
Laby apparatus were fitted with sinters of porosity 1, 2
or 3. The gas flow was 30 ml min~'. Results are shown in
Fige 3 (M. 6):

Compressive strength increased with decrease in the
orifice size for any protein concentration, in a similar

manner as did foam strengith repvurtad in 2 (1 a 2).
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(3) Examination of compressive strength of foams at an

early stage in cheir formation.

During the course of the previous experiments,
it was cbszrved that when solutions of low protein con-
centration were foamed. the foam chamber was filled with
foam of a non-unif'orm structure. The upper part of the
foam was compoused of small bubbles. beneath which the
foam was more open in structure ond collapsed rapidly.

On increasing the protein concentration, the volume of
thick foam increased and the volume of open foam
decreased. In order to determine whether the initial
foam produced from solutions of low protein concentration
was similar in properties to the initial foam produced
from solutions cf high concentration, a sensing disc was
situated at the 15 mi volume margx on the foam chamber,
and foam was generated to the 30 ml mark. Results for
protein solutions in the range 0.003% - 0.10% V@ Fraction
1 protein foamed at pH 5.8 and at 3700 for different
porosity :inters are shown in Fig. 3 (1. 7).

Results indicate thal foams are similar at concen-
trations above 0.008% V;, but ac lower proctein concen-
trations there was a progressive jncrease in compressive
strength with increase in protein concentration. The
compressive strength was lower at this position of the
sensing disc than when the disc was ét the 60 ml position,
This is presumably due to a difference in the liquid
content of the foam at the two positions of the sensing

disc. More liguid would have drained from the foam when
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the fcam frcnt was at the 60 ml mark than at the 19 ml
mark and ccnsequeatly the foam at the 60 ml mark is more
rigid than the foam at the 15 ml mark, and would exhibit
greater resistance to its flow past the sensing disc,
giving a higher compressive strength.

The compressive strength reached a maximum at 0.008%
Fraction 1 protein for the porosity 3 sinter, 0.012% for
porosity 2 sinter and 0.04% /v for the porosity 1 sintered

filter.

(4) The effect of temperature on tre compressive strength

and stress relaxation of protein foams.

Foams were generated from protein solutions contain-
ing 0.02% ¥/v Fraction 1 protein or 0.03%% Fraction 2
protein in 0.1 mol/litre acetate buffer, pH 5.8 in the
temperature range 50 to 5000.

Results zre shown in Fig. 3 (1. 8) and Table 3
Eitg e

Compressive strength increased with increase in
temperature up to 10°C, remained constant from 10° tc
2500, then decreased at temperatures above 2500.

Stress relaxation increased with increase in
temperature. The most persistvent foams were produced at

low temperatures.

(4 The effect of pH on the foam properties of plant

protein foams.

Foams were generated frcm solutions of 0.0%% W/v

w
4

Fraction 1 or 0.04% " /v Fraction 2 protein in 0.1 mol/

litre acetate buffer cver the pH range 3.5 to 7.5. The gas
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Temperature Stress relaxatiou g em2 sec™!
iy et i ~
Fraction 1 FPraction 2
NS —
2 1.9 x 1074 3.3 x 1077
5 1.9 x 107 3.3 x 1070
10.5 2.5 x 107 6.0 x 1077
15 1.25 x 107 6.4 x 1077
20 3.3 x 1072 6.1 % 407
25 5.2 x 107 6.4 x 1077
30 9.2 x 1072 9.0 x 1072
7 15 B GO 2l x 1072
L1 16 x 1072
50
TABLE 3 EFFECT OF TEMPERATURE Of STRESS RELAXATION
(1. 1) OF LEAF PROTEIN FOAN3

G2

pPH 5.8; Dhuffer 0.9 mol/litre sodium acetate(p.87); gas flow

30 ml min—1;

porosity simter 3.
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flow was 30 ml min'q, and the foam was produced by
dispersing the gas through a porosity Z sinter into
the protein solution in the Laby apparatus. The
sensirg disc was situated at the 60 ml mark and foaam
was generated to the 80 ml mark. Results are shown
im Fig. 3 (1. 9).

Compressive strength was maximum at pH 5.8 and
5.1 for Fraction 1 and Fraction 2 proteins respectively.
This is in agreement with the results reported for
'foam strength' measurements in 3 (1. a 4).

Strength relaxation showed greatest persisteﬁce
for foams generated from solutions with pH's in the
range 5.8 to 6.0 for Fraction 1 protein, and in the
fange 4,5 to 5.4 for Fraction 2 proteins, though the

latter were stable over the pH rarge 4.5 to ©.3.

'(6) Relationship between the compressive strength

of Fraction 1 protein foams and the amount of

denatured Fraction 1 protein in a fixed volume

of foam as a function of pH.

Solutions of Eractign 1 protein in 0.1 mol/litre
sodium acetate was foamed in the pH range 4.0 to 7.5 as
.described il 2 (e B Ss

The amount of Fraction 1 protein denatured on
foaming was measured as the difference in protein content
of the solution, at the pH of the experiment, before
foaming it and after foaming the solution to 80 ml in
the Laby apparatus, and allowing the foam to collapse.
The Fréction 1 protein was determined using the acryl-
amidz gel electrophoretic technique in Chapter 1.

Results are plotted in Fig. 3 (1. 10).
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Tt<can be seen thst the amount bf:Fraction 1 protein
.denatured on foaming is COrrelatéd'with the compressive
strength of the foam. |

Fig. 3 (1. 10) shows a sharp maximum at pH 5.9 in
the amount of dcnatured Fraction 1 in the foam. Below
this pH, the amount of Fraction 1 protein denatuied falls
rapidly. This can be explained in terms of the low solu-
bility of this protein at pH's lower than pH 5.8 3(1. b. 8).
- The protein has aggregated.and is therefcre not present
in solution ia a form suitable for foaming. Therefore the
fall in “he amount of denatured protein at pl values bhelow
5.8 is not dva to any decrease in the rate of denaturation
of Fraction 1 protein but due to protein having aggregated

out of solution as a precipitate prior to foaming.

A -

X7 Fraction 2 proteins denatured in the ranse pH 3.5

to 7.5

Solutions of Fraction 2 proteins (0.1% W/v) in 0.4
-';mol/litre acetate buffer were foamed in the Laby arparatus
T_ét pH values .in the range 3.5 to 7.5. The proteins remcved
from solution by surface denaturation in producing the foam
Were examined by acrylamide gel electrcphoresis cf the
protein solution before and after foaming. The gels were
stained for protein with Coumassie blue (Chapter 1) ard
séanned using a microdensitumeter. Fig. 3 (1. 11) shcows

the microdensitometer tracings of these gels.

(8) The solubility of Fraction 1 and Fraction 2 pioteins

at various vll's
a VAL OIS T S .
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sokutions of plaﬁt proteins - (0.4%) dissolved in
0.1 mol/litre sodium acetate were adjusted to pH's in
the range 2.5 - 7.6. The solutions were allowed to
stand at 0°C for 30 minutes &nd centrifuged at 16,000 g
for 10 minutes to remove any aggregated protein. The
opvical density at 280 nm was measured on the supernate.
Results are plotted in Fig. 3 (1. 12) as the % optiecal
density at 280 nm of vhe protein at tne particular pH,
compared with the optical dernsity of the solution at

Pl S, Fraction 1 protein showed minimum solubtility
at pH's below 5.8. This is the pH at which maximum
foam strength and persistence as well as maximum surface

deuaburation of this protein occurs.

Fraction 2 proteing shwwed a steady decrease in
solubility over the range pH 7.5 - 3.5, although most
cf the protein was precipitated in the pH range 4.0 -

Sk,

Summarx

1. Fraction 1 and Fractior. 2 proteins produce foams

of maximum °‘foam strength', F and compressive strength,

)
CS, and persistence at pH's close to the isoelectric pH
of the proteins. 1n thp case of Fractien 1 protein, fhe
foam oaramefers indicate maximum strength and rersistence
at approximately o o1 which”is close to the iscelectric
pﬁyof the protein {Pon, 1967).

Fraction 2 proteins exhibited maximum FS and CS at pH

5.1 to 5.2, although persistent foams were generated over the



FIG. 3 THE ETFECT OF pH ON THE CONCENTRATION
(1. 42) . QF PROTEINS IN SOLUTION

Buffer 0.4 mol/litre sodium acetate (p.87).
O——0Q 0.1% Fraction 1 protein

A 0.1% Fraction 2 proteins
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pH range L.5 to 6.%. This wide pH range is prusumably
explained by the heterogencous nature of these proteiuns
giving rise to a range of isocelectric pH's.

The rate of denaturation and the amount of denatured
protein in the foam, were also maximum at the isoelectric
pH of Fraction 1 pretein. The compressive strength of the
foam was closely relaced tc the amount of denatured
Frection 1 protein in the foam, and also indicates the
rigidity of the foam or its resistence to flow past the
sensing disc.

2. The limiting concentrations required to produce
foalas, of foam tc liquid expansion of 8/1 v/v end also
showing measurable stress relaxation were 0.02% 7; for
Fraction 1 protein and 0.03% %@ for Fraction 2 proteins.
Increase in protein concentration above this limiting con-
centration produced an increase in the persistence of the
foem, indicated by a decrease in the stress relaxation and
an increase in the foam retention volume, and a slight
increase in the compressive strength of the foam.

3. The most persistent foams were produced at liow
temperatures, Foam strength fell to zero at temperatures
above 50°C.

4. Bubble size was shown to be an extremely important
factor governing the foam strength and coqmressive strength
of foams. The smaller the bubble size the greater the
strength of thc¢ foams generated from a given protein con-

centration.



The growth of bubbles in the rumen could te an impertant
fector governing the formation of rumen bloat foams. Any
fector preventing ccalescence of bubbles or 1limiting the
size of the generated bubbles would favour the formation
Qf a stabic foam.

The Laby apparsitus was more useful than the HMengan
apparatus since:

(a) <1 the Leby apparatus four parameters could

be measured which defined more precisely the
nature o’ foams, whereas the Mangan apparatus
defined only one peraneter,

(b) The time dependent variable (stress relaxation),
and the volume of liquid retained@ in the foam
associated with the denatured protein gave a
nicasure of the persistence of the foam.

It was decided that since the Mangan apparatus could
rot offer any additional information that was not obtainsble
with Laby apparatus, and that the Iaby apparatus would be
more usefvl in the study of the action of foam stabilising
and antifeoaming agents on protein foams, ithe Laby apparatus:
wvould be the only system used in further foam studies.

S Leb The action of the plant phenol/phenoloxidase

system on _plant proteins and its effect on the

fosms generated from them.

When extracts of red clover are made, the solutions
darken ranidly irn air. The brown pigment is associaied
witl: s£olutle plant proteins € it is impossible to

remove this pigment from the proteéinsg. The pigment is
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prcduced by the sction of the polyphenocloxiaase enzyme

on the plant pherolic substrate to nroduce quinones.

’

The guincnes can react with hydroxyl, sulphydryl, or
amino functional groups on the proteins to preduce the
pigmented phenolic-protein conplesce.

Rideal and Schulman (1939) showed that the
phenolics increased the rigicdity of gliadin monoliayers.
In view of thc findings of Brown et _al. (1953) that
surface viscosity is important in deierwining the
stability of foams, the phenolics contained in leaf
extracits cculd be important in stabilizing plant pro-

tein fosams.

(1) Anz2lyses on acrylamide gel electrophoresis of plant

proteins which have and have not rescted with the

phenoloxidase/phenolic system.

Red clover leaves were ground into the following
buffers:

(a) anfou/NaQHPou, pH 7.0, ionic strength 0.1,
containing 0.1 mol/litre mercaptoethancl.

(b) The same buffzr containing in eddition 107l mol/litre
sodium diethyldithiocarbamaie to inhibit the bhencln
oxidaese enzyme.

The leai’ extracts were centrifuged at 16,000gfor 30
minutes to sediment the insoluble plant fregments.

Solution (a) turned dark brown very rapidly whercas
solution (b) remained pale yellow in coclour, indicating
that phenoloxidase was active in sclution (&) but inactive

in solution (b).
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. Equal volumes of.(a) and (b) were mixed and desaig-
nated as solution (¢). 25 nm’ of solutions (B3 () aRid
(¢c) were subjected to acrylamide gel electrophoresis
(Section 3 - 1. a) end the gels stained for protein with
Coumassie blue. Photographs and scans of the gels are
shown in Fig. 3 (1. 13).

It can be seen that the result of interaction
between Fraction protein and the plkenoloxidase system
was to increase the mobility of the protein in the gel.
The mixed sample shown two distinct Fraction 1 protein
bands. The band of higher mobility corresponds to the
Fraction 1 ﬁrotein, associated with the products oi poly-
phenoloxidase action, and the slower moving band corres-
ponding to the Fraction 1 protein of the system ir which
the phenoloxidase enzyﬁe*ﬁaé inhibited by sodium diethyl-
dithiocarbamate.

The difference in mobility can be explained by the
Fraction 1 phenol complex having a greater net negative
charge distribution on the molecule than the natural
Fraction 1 protein at the pH (8.6) of the gel, due to
the ionization of the hydroxyl groups on the phenolic
molecule.

The action of the—phenoloxidase system on the Fraction
2 rroteins was to change the protein pattern on acrylamide
gel from a series of well dsfined bands to a smearing of
protein throughout the gei.” This could arise from
phenolics binding to different degrees to the proteins,

producing from a single protein a series of
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(a) phencloxidase active
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two Fraction 1 bands in sample (c)



_asgocﬁation preducts of differeht*charge density and
different molecular dimensions.

The phenol,/phenoloxidase system nas therefore
modified the nature of the plant proteins, and coulad

pessibly affect their foam properties.

(g The_influence of the phenoloxidase interaction

%

with plant proteins on the foam parameters of

foams derived from them.

Plant proteins were prepared from red clover as
described in Chapter 1 {2. a). BSolutions of Fraction 1
or Fraction 2 proteins containing 1 mg m1~" in 0.1 mol/
litre acetate buffer, pH 6.5, were incubated with an
amount of red clover phenolics to give ar equivalent
protein/phenolic ratio to thut found in the plant. After
addition of three units of phenoloxidase (mushroom source,
Calbiochem), the samples were incubated at 30°C for 1 hour.

All nmeasurements of foam parameters were made in the
Laby apparatus at 5700 and pH 5.8. Tue gas flow was 30 ml
min"q. Foam was generated to the 80 ml mark and the
sensiang disc was situated at the 60 ml graduation.

Ther foanis genefated from the plant proteins treated
with the phencl/phencloxidase system differed from those
from the natural proteihs in the following respect:

(1) The limiting concentrédtion of Fraction 1 protein and
Fraction 2 proteins required to produce stable foams were

0.02% and O.OB%W/V for the natural proteins and 0.03% and

0.02% respectively for the treated p.oteins.
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(2) In the concentrations range 0.05% to 0.10%,
stress relaxation and foam retention volume indicated
that the treated Fraction 1 protein produced slightly
less persistent foams than the natural prctein,
whereas the treated Fraction 2 proteins produced
slightly more persistent foams than the natural
¥Fraction 2 proteins. The compressive strength of the
trea.ed protein foams was reduced from 4.5 to 3.7 g
em™® for 0.1% Fraction 1 protein foams whereas the
compressive strength of the Fraction 2 protein foams

had compressive strength 3.3 g em™2 for 0.1% %;

treated and natural protein foams.

The foaming properties of protozoal and sa2livary proteins

The other proteins that could nave contributed to
the high percentage of protein found in the rumen foam
(Bartley, Bassette, 1961) are those from the animals
saliva end from the contents of the holotrich protozoa
after lysis.

Mangan (1958) demonstrated that submaxillary muco-
protein produced very persistent foams of low foam
strength.

Clarke (1964) observed a sudden decrease in the
holotrich population when cattle were stall-fed lush
bloat-producing red clover. The holotrich protozoa
have a metabolic abnormaliity whereby in the presence of
excecss substrate, they are unable to stop synthesizing

reserve polysaccharide (Sugden and Oxford, 1952). When



(a)

cattle ere ffed lush red clo%gr, high levels of soluble
surars are released infto the rumei. The holotrich
protozoa feed on the soluble sugars to such an extent
that they burct releasing their contents into the rumen.
It has been suggested (Clarke, 196¢) thst these soluble
contents, being high in proieias could assist in
shifting tke balance between foaming and anyi-foaming
agents in the rumen in favour of the bloating condition.

It would appear that the salivary proteins and the
protozoal proteins could be important factors involved
in the bloat syndrome and therefore their foaming
properties were studied in this chapter.

'me effect of concentration on the foam vdroperties of

the salivary secretione and the protozoal proteins

was studied withthe materials prepared as described in
Chapter 1 (2). Solutions of salivary mucoprotein,
vesophageal mucin, and protozoal proteins were focamed

at varying concentrations in the Laby apparatus at phH
5.8 ane at 3700. The oesophageal mucin did not generate
stable foams under thesc conditions. Results for the
compressive strength and stress ireluxation of these
foams are given in Fig. 3 {«. 1. a. b.). The salivary
mucoprotein could produce persistent fosms of low
compressive strength. The minimuin concentration of this
material required to produce full columns of foam having
measurable. siress relaxaticn vas approximately 0.015% 5;.
At concentrations of muccproteir above 0.02%, the
conpressive strength remained constant.

Protozoal proteins produced stsble foams similar in
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character to the plant proteian fcams. Compressive strength

increased and stress relaxaticn decreased over the

concentration range examined.

(b)

The effect of pH on the foaming propesrties of salivary

and. _protozoal proteins. Solutions of 0.04% bovine

salivary mucoprotein and 0.065% protozoal proteins in
0.1 mol/litre sodium acetate buffers were foamed in

the Laby apparatus over the pH range 4.0 - 7.6.
Results for stress relaxation and compressive strength
measurements are shown in Fig. 3 (2. 2.,a. b.)

The compressive strength and stress relaxation of
the salivary mucoprotein foams were not affected by
changes in pH over the entire pH range examined. Th=a
protozoal proteins however produced foams with para-
meters which were dependant on the pH of the solution.
Compressive strength or these foams increased rapidly
with decrease in pH below pH 6.5, levelling off at
pi 5.5 - 5.9, then increasing and levelling off again
at pd 5.0 - 4.0. Stress relaxation indicated a
meximum persistence at pH's close to 5.9. Stress

relaxation increased rapidly below pH 5.2.

Summary

Salivary mucoprotein foams are_characterized by the

following properties.

1. They produce foams of low compressive strength

and low stress relaxation.

2. They are unaffected by changes in pH over the

I'ange pH Ll»co - 7.6.

Protozoal proteins behave more like the plant proteins

producing foams that have high compressive strength and

120
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low stress reisxation, Also the protczoal proteins
show maximum persistence at pH's close tov pH 5.9 and

maximum compressive strength at pli's below 5.2.



CHAPTER

STUDIES ON RUMEN LIiQUOR

Reports concerning the properties of rumen fcams have
been very sparse. Mangan (1958, 1959, 1962) showed that the
foams generated in vitro from crude rumen liguor were of
very low foam strength. The centrifuged rumen liguor pro-
duced foams of a higher foam strength with a maximum value
at pH's close to 5.7.

Laby (19G9) repcrted that the parameters of rumen
foams measured in his apparatus showed the foams to be of
low compressive strength but of high persistence.

In the previous Chapter of this thesis, the foaming
properties of the soluble plant and animal proteins were
studied, and in this Chapter the properties of the rumen
foams generated in vitro will be examined.

Animals were graded for bloat severity according to
Johns (1954). Ten dry fistulated cows, including four pairs
of identicel twins, were examined over a period of two years.
The animals were stall-fed twice daily on a pure stand of
red clover, at 9.00 am, and 1.30 pm for 2 hours, and starved
in between feeds.

Prefeed samples of rumen liquor were taken % hour
before morning feeding. After feed samples were taken + - 32

hour after feeding had commenced. Samples (1 litre) were
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taken via the rumen fistula and squeezed through two layers

of cheese cloth, in order to remove large plant fragments

and cocled in ice. This was termed rumen ligquor {RL).

Centrifuged rumen liquor (CRL) was obtained by centrifuging

thz rumen liguor at 30,000 g for 60 minutes.

L1

The foaming properties of rumen liguor were determined

at 3700 in the.Laby apparatus. In these studies,
the sensing disc assembly weighed 4.5 g instead of
the usual 10 g, and the sensitivity range of the
strain guage/recorder assembly was increased to give
full scale deflection on the recorder for the weight
of the sensing disc.
In the 1968/41969 season, differences were observed
in the foam properties of in vitro generated foams

derived from rumen liquor of bloating and non-bloating

animals.,
Compressive strength varied from 0.3 - 0.8 g cm-z,
the majority of the results being close to 0.7 g cm-2,

for the non bloat samples and 0.6 - 1.5 g cm"z, 30

%z em2 for the bloat

out of 42 results being 1.1 - 1.

samples., Stress relaxation was extremely low for the

bloat samples having values in the range O - 0.3 x 1072 g

em 2 sec™!. The results for the non bloat samples

ranged from 0.2 - 0.9 x 1072 cn™? sec”!

being close to 0.6 g em™2 sec™1.

, most vealues

In the 1969/1970 period the differences observed,

in the 1968/1969 period, between the bloat and non-bloat
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: 'Toaums were not asg ciear. Most saﬁbleé had compressive
strength coefficients of 0.9 g cm—g, stress relaxation
of O - 0.4 x 1072 g em™2 sec-q, and foam retention vol-
umes of 2.0 - 3.0 mls. Differences were observed in

the parameters .of the foams derived from the animals of
high susceptibility to bloat, 119, 120, on days when
they did or did not bloat. The compressive strengths of
these foams were in the rangé PRE = A1 & cm'g, the
stress relaxation was between O - 0.3 % 1073 & e

sec™ ' for the bloat samplés and ‘0.3 = 0,7 % 1072 g cm

2
sec"q for the non-bloat samples. The foam retention
volumes varied from 1.5 - 2.2 ml for the non bloat samp-
les and 1.9 - 3.0 ml for the bloat sanples. These results
indicate a difference in .the persistence of the bloat
and non-bloat foams.

The foams generated in vitro derived from the non-
bloating rumen liquor of animals of low susceptibility to
bloat did not show any sigrificant differences in proper-

ties to the foams that were generated from bloating rumen

liquor of the high susceptible animals.

The effect of pH on the foam parameters of rumen foams.

Rumen liguor samples were foamed in the pH range
3.5 - 6.8, in the Laby apparatus and Lhe compressive
strength and stress relaxation measured. Results are
shown in Fig. 4 (2. a., Botade-

Compressive strength was maximum et pH 4.0 in all
centrifuged and uncentrifuged samples whether or not

bloat had occurred. Stress relaxation
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O

pH

FIG, L THE EFFECT OF pH ON THE COMPRESSIVE STRENGTH OF FOAMS
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of “the foam, when the compressive strength was at a

maximum vealuve, was very high indicating the fcam was
of low persistence.

In addition to the maximum at pH 4.0, a further
maximum of compressive strength occurred at pH 5.6 - 5.8
in the cease of samples taken after feeding.

Stress relaxation of the above foams was very low
at pH’s.above 5.0 but increased rapidly below this pH.
The foam retention volume decreased below pH 5.0.

Centrifuged rumen samples consistently showed a
compressive strength maximum at pH 5.1 to 5.4. The com-
pressive strength of the centrifuged samples was higher
than that of the uncentrifuged samples. Centrifugation

of the sample decreased the persistence of the foars

e s

that could te generated.

The effect of temperature on the foam parameters of

rumen foams.

Rumen liquor from blcated cattle was divided into
two portions, one of which was centrifuged at 30,000 g

for 60 minutes to sediment the particulate material. The

solutions were foamed at different temperatures in the

range 5° - 45°C. Results are shown in Fig. 4 (3).

The conpressive sfrehgth of the centrifuged rum:n
foams increased with increase in temperature.

The compressive strength of the uncentrifuged rumen
foams was corstant up to 4500, decreased rapidly between
15 to 20°C and above 2500 remained crnstant.

The stress relaxation of the foams produced from
the¢ uncentrifuged rumen liquor increased suddenly at

1500, remained constant up to 5500 and increased rapidly
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above 4006.

The streess relaxation of the foams derived from

the centrifuged rumen liquor was unaffected_by tempera-

ture changes from 0°C tc 40°C but increased with increase

. o
in temperature above 40°C.

Attempts to change the characteristics of rumen foams by

addition of Fraction 1 protein to the rumen liquor.

The foaming properties of rumen liquor have been
showvn to be very different from those of the plant and
protczoal proteins. The only similac~ity has been the
observation that they have compressive strength maxima
at approximately the =same pH. This would suggest that
while these proteins are contributing to some extent to
the foam properties, other surfactants are present in
the surfacz film. To determine how effective these
other surfactants were in controlling the properties of

the bloat foam, Fraction 1 protein was added to the rumen

liquor, and the modified rumen liquor foamed. Comp.ress-—
ive strength, stress relaxation and foam retention volume
measurements were made on these foams.

The addition of Fraction 1 protein did not alter

the stress relaxation nor the foam retention volume of

the bioat foams. Compressive strengt: of the foams was

2 o ¥.&5 m cm™ for

slishtly increased from 1.1 g cm~
addition of 0.02% Fraction 1 protein, and increased to
1.7 g cm™° when the rumen liquor was made 0.2% in Frac-
tien 1 protein. 0.02% and 0.2% Fraction 1 protein in

C.1 M sodium acetate, buffered to the pH of the rumen

liquor with acetic acid, give rise to foams of compres-

sive strength 5.6 and 4.5 g cm—d respectively.
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(a) The concentration of Fraction 4 protein in the

rumen was deiermined by acrylamide gel electrophoresis

end staining with coumassie blue (lMethoas, Chapter 1).
Rumen samples were centrifuged at 30,000 g for

3

60 minutee and 100mm - of the supernate exemined for
Fraction 1 ﬁrotein. ?he level of Fraction 1 protein
varied from 0.0008% fo 0.025%, There did not appear

to be any correlation between the level of Frection 1
protein in the rumen liguor and bloat'occurrence. The
animals that were highly susceptible to bloat usually
had lower Fraction'1 levels then the low susceptibility
animals. Even the highest level of Fraction 1 protein
found corvld not explain the high persistence of the
bloat foams.

It is possible that the low level of Fraction 1
protein found in the bloating rumen liquor is due to
the protein having already been surface denatured (foam
was present in the rumen). In view of the findings in
part 4.3 of this Chapter, that addition of Fraction i
to the rumen liquor made very little dif'ference to the
compressive sirength of the foawmn, this hypothesis is

doubiful. Iowever, to examine the relative rate cef
denaturation of Fraction 4 protein in rumen liquor as
cpposed to its rate of denaturation in acetate solution,
the following experineni was car.,ied ou’. |

Rumen liguor from non~-bhloating and bloating cnimals

vere riade 0.02% in Fraction 4 protein. The pH was
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ald jusked, by additian of acetic dcid, o 5«6, & Whdeh
maximum surface denaturation occurs, and the samples
foamed in the Laby apparatus. Fraction 1 protein con-
centration was determined before and after fcaming and
the difference taken to be the amount of protein surface
denatured. The amount denctured was consistently 24%
of the amount denatured when 0.02% W'/v sclutions of
Fraction 1 protein in 0.1 mol/litre acetate buffer were
foamed in the Laby apparatus under the seme conditions.
Theese resnlts therefore indicate that the low level of
Fraction 1 protein in rumen liquor cannot be totally
explained in terms of its surface denaturation.

Another explanation is that the protein is being
rapidly degraded.or precipitated in the rumen. To test
this, the rate of removal of soluble protein from the
 rumen liquor was examined as follows. 2 g of Fraction 1

protein was dissolved in 1 litre of artificial saliva

" :(McDouga and warme 0 g is was incubated
-(McDougall 1948) and d to 39°C. Th bated

S at 59°C with 1 litre of prefeed rumen liquor in the
Cartificial férmentors described by Clarke (1969). Samples
ﬁere removed at 3 hourly intervals over a period of 3
hours, ceantrifuged at 74,000 g for 3C minutes, and anal-
ysed for Fraction 1 protein by acrylamide gel electro-
phoresis. Further experimen’t: were carried out using
minced red clover (500 g that had been macerated in a
commercial meat mincer) in place of the Fraction 1
prctein. Results showed that a rapid removal from

solution of Fraction A protein had occurred, and that
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the protein could not be detected in the rumen sample
after a period of 90 minutes incﬁbation. These results
are sufficient to explain the low level of Fraction 1
protein found in the rumen.

(b) Calcium levels in rumen liquor were determined on

50 samples of rumen licuor by atomic adsorption spectro-
photonmetry as described in Chapter 1 of this section.

The level of calcium in the soluble fraction ranged
from 200 ppm to 400 ppm. There did not appear to be any
correlation between the calcium levels and the occurrence
of bloat.

The amount of calcium bound to the high moleculax
~weight soluble fraction (MW greater than 50,000) was
approximately 25% of the total soluble calcium in all
'Samples analysed. The high percentage of calcium bound

_to the high molecular weight material might be a signifi-
»cént factor in the stability of the rumen foams (Mangan,
V‘:i959; Stifel et al. 1968b).

“"(c) Fcam fractionation experiments (Chapter 1, Methcds)

{5Wére carried but on ten occasions on rumen liquor taken
from animals 2 hour after feeding on red clover had
Qommenced. On 5 occasions bloat occurred and on the
others no bloat was observed.

The foam and rumen liqucr were analysed for protein
" nitrogen, total hexose, starch and lipids on a dry weight
basis. Pectin could not be determined because the back-

ground colour of the rumen liquor interfered with tte
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colorimetric estimation.

The level of starch was the same in the rumen
lignuor as in the foam. The concentration of protein
nitrogen in the foam was either the same or lower than
in the rumen liquor. Total hexose was lower in <tThe
foam than in the rumen liquor. Lipids had concentra-
ted in the foam approximately 2-2% times. In general
the lipid content of the first 50 cm5 of foam from the
bloating animal had increased from 7% in the rumen liquor
to 17% in the foam but the later foam fractions con-
tained 1%4% 1ipid. The non-bloat samples increased to
14% in all foam fractions. The lipids were examined by
thin layer chromatography for polar and neutral lipids,
’ﬁsing the solvents described in the methods section.

Egual weights of freeze.--dried rumen liquor and

- foam fraction were extracted for total lipid and the

. :extracted lipids dissolved in 1 ml of chloroform. The

¥ 1ipid extracts(25 mmB) were applied to thin layer
 ﬁ1ates and separated as described in Chapter 1 of this
thesis. Fig. 4 (5. c¢) shows typical thin layer chrom-

atograms of the neutral lipids,

The major lipids present in rumen liquor and foams,
were the neutral lipids and ling chain fatty acids. The
free fatty acids and materi;i which had not moved from
thé origin in the neutral lipid separation appeared to
have concentrated in the foams from both the bloat and
'nén—Blogt samples. The major band which ran close

behind the diglycerides had corcentrated in the bloest
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FIG. 4 THIN LAYER CHROMATOCGRAPLY OF THE NSUTRAL LIPIDS

(5. &) THAT CONCENTRATE IN THE IN VITRQO FOAMS DERIVED

FROM RUMEN LIQUOR

(a) The neutral lipids
FA Fatty acids; DG Diglycerides; MG Monoglycerides,
TG Triclycerides; RBL Rumen Bloating Liquor;

RBF Rumen bloat foam; RNL Rumen liguer (No bloat);
RNF Rumen Toam (non bloat). '
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foam but appeared to have cecreased in the non-bloat

foam. This material was identified as sterol glycosides.
The polar lipids were less prominent. A weak band

corresponding to phosphatydyl choline was observed ia

some samples. Other bands of lower mobility were observed,

the major band corresponding in mobility to the sulpho-~

lipid though its identity was not confirmed. This matleriail

did not appeer to concentrate in the foam although there

was usually a higher concentration of it in the non-bloat

samples.

(a) Examination of the soluble foaming agents in rumen

liguor. The concentration of Fraction 1 protein in rumen
liquor has already been discussed ezd shown to be insuffic-
ient to account for the persictence of the rumen founrs.

It was observed that other proteincs were present in the
ruman liquor of the bloating animals .and that these were
alsc denatured in foams. The following experiments were
designed to isolate these proteins and to try to identify
themn.

Rumen liquor was taken from cattle 2 hour after
feeding and centrifuged tc remove the particulate material.
The clear supernate was adjusted to pH 5.8, with acetic
acid, and foamed in the Laby apparatus to characterize its
foamiag properties. The remainder of the liquor was made
60% "/v in ammonium sulphate and the precipitate collected
by centrifugation. The supernate would not support foam

and was discarded.
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e precipitate was redissolved by dialysis (3 x
10 litres) against acetate buffer, pH 7.6 (0.1 mol/litre)
centaining 10_4 mol/litre mercaptoethanol. The solution
was stored at -70°C. The solution, on diluting to its
original concentratinn in the rumen liquor produced only
very weak foams. When calcium was added to give the same
level found in the rumen liquor, foams identical in
properties to those produced from the original rumen
liquor were produced.

Acrylamide gel electrophoresis »f this precipitated
material showed several protein components to be present.
When the gel was stained for carbohydrates with the
periodic acid/Schiff reagent (Bodin, 1963) a high mol-
ecular weight carbohydrate ccmponent which had moved
approximately 1 mm into the gel was observed.

Analytical ultracentrifugation-of this material,
at 59,780 rpm, showed two cémponents to be present (Fig.
4, 5, d. 1), a low molecular heterogei.eous component
which did not move from the meniscus, and a material show-
ing a hypersharp schlieren pattern. The latter is very
simiiar to the schlieren pattern of the salivary muco-
protein, and the material producing it was a major compon-
ent of all the rumen samples examined. The low molecular
weight material probably is the mikxture of proteins observed
on acrylamide gel.

The material which resembled mucoprotein in the
ultracentrifuge was isolated from the rumen liquor as

follows.
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a. Heterogeneous proteins
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Tne concentrated rumen protein samples were centri-
fuged at 350,000 g for N4 hours, and the contents of the
tubes divided into (1, the pellet that had sedin=nted out
on the boltom of the tube, (2) the bottom 2 ml of
viscous liguid, (3) the next 2 ml of liquid, (L) the next
72 ml of pale brown liquid and (5) the remainder of the
ligquid. Each of these fractions was anaiysed in the
analytical ultrecentrifuge and the material which
resembled mucoprotein was located in fractions (9 and (3.
Tiwe first fraction contained most o. the heterogencous
proteins together with somes Fraction 1 protein. Eecause
of the resemblence of ithe major fraction to mucoprotein,
all sanples were analysed for sizlic acid ccontent. The
maximum sialic acid occured in fractions (2 )and (3 corresp-
onding itc *the tubes in which the material was.located.

An ultracentrifugation schlieren photograph of the
purified material is shown in Fig. 4 (5. d. 2). The
sedimentation coefficient of this material, determined
in a Beckman modzl E analytical vltracentrifuge, was 6.6 S
at a concentration of 4 mg m2~1. Dilution of the saﬁple
slightly increased the secdimentetion coefficient to a
maximum cf 7.4 S at-a concentration of 1 mg w17, |

Cellulose acetate electrophoresis of this material
showed a single component;,; which stained intensely for
cafbohydrate but only weakly for protein, indicating the
molecule to be a glycoprotein.

Further characterization of the molecule was =achieved

by preparing the antibody tc this material, by injecting
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it“into rabbits. -The éntibody'geve a precipitin reaction‘
with the salivary mucoprotein and with the oesophageal
mucin, though the degree of precipitation was not as
great as with the mucoprctein. Removal of the sialic acid
from the salivery mucoprotein by incubaiing it with neur-
eaminidase, incresased the sensitivity of the precipitin
reaction ten fold. The antibody d4id not give precipitin
reactions with Fraction 1 protein, Fraction 2 proteins
nor protozoal proteins.

The material was not precipitated by 10% trichlor-
acetic acid, but was precipitated by 60% ammonium sulphate,

80% ethanol, tannins from Lotus pedunculatus Cav., and by

1% Cetavlon indicating precipitation properties similar

to those of the salivary secretions.

= -

Summary

(1) The rumen foaas differ from the plant and protozoal protein
foams, though they are similar to the salivary mucopfotein
foams in having lcw compressive strength associated with
low stress relaxation and high foam retention volumes, the
latter two parameters indicating foam persistence.

(2) Rumen foams show two maxima of compressive strength, one
av pH 4.0 and the second at approximately 5.7 Maximum
persistence is associated with the latter compressive
strength maximum.

(3) Compressive strength of foamé generated in vitro from rumen
licuor decreased slowly on increasing the temperature from

5—1500, then decreased rapidly betweern 15



C4)

(5)

()

and 2OOC, and remained constant from 25-50°C. Foams
from centrifuged rumen liquor d4id not show this phenomenon
but increased steadily in compressive strength with
increase in.temperature over the range 5—5000.

The amount of Fraction 1 protein in the rumen liquor was
too low to account for the high persistence of the rumen
foams. Foam stabilizing materials otner than plant
proteins must be present to account for this stability.
The low level of Fraction 1 protein in the rumen liquor
could be explained by its rapid degradation and removal
from solution.

Lddition of 0.01 - 0.1% Fraction 1 protein to the
rumen liguor only slightly increased the compressive
strength, without affecting the stress relaxation or
foam retention volume of the foams generated from these
solutions. This suggests that a more surface active
material than Fraction 1 protein is present in the rumen
liquor. Further evidence for this is suggested by the
fact that the amount of Fraction 1 protein denatured on
foaming rumen liquor -containing 0.02% Fraction 1 was only
24% of the Fraction 1 protein denatured on foaming a
0.02% solution of Fraction 1 protein in acetate buffer.
Foam fractionation of rumen liquor showed that lipids,
mainly neutral lipids and fatty acids, were concentrated
2-22% times in the foam fractions.

The soluble foaming agents in rumen liquor were isolated

by salt precipitation,‘and fractionated by preparastive



ultracentrifugeticn. Cne fraction contained a mixture
of proteins, whose sources were not identified. A
second fraction contained a compenenti which resembled
salivary mucoprotein in the ultracentrifuge and in its
precipitation characteristics., This material had a
sedimentation coefficient of 7.4 S, was homogeneous on
cellulose acetatz and shown to contain carbohydrate and
prote*n. The antibody of this material gave precipitin
reactions with the salivary secretions, particularly
the salivary mucoprotein, but not with the soluble
plant nor protozoal proteins. The sensitivity of the
precipitin reaction was increased by prior removal of
the sialic acid from the sslivary mucoprotein by neura-
minidase. It is suggested that this material is
possibly a degradation product of the salivary muco-

protein.

14k
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CHAPTER 5

THE INTERRACTION BETYEEN THE SOLUBLE LEAF PROTEINS AND

OTHER SURFACTANT INVOLVED IN THZ BLCAT SYNDRONE

In Chapters 3 and 4 of Section 2 of this thesis, the
foaming properties of the plant and animal proteins and of
rumen liquor were studied. Rumen foams were only similar
to plant and protozoal foams in that they possessed
compressive strength maxima at roughly the same pH. Whereas
tha plant arnd proiozoal protein foams were persistent only
when the compressive strength was high, the rumen foams were
extremely stable zlthough the compressive strength was low.
Salivary mucoprotein foams were simileér to the rumen foams in
this respect, though they did not exhibit compressive strength
maximum at any pH in the range which occurs in the rumen. A
possible explsvnation of the character of rumen foams is there-~
fore that a mixed system, with properties intermediate
between the plant or protozoal proteins and the mucoprotein
foams, is operating.

Another possibility is that the antifoaming lipids are
producing mixed films with the plant or protozoal proteins .
of low compressiﬁe strength. This theory would require the

presence of a foam sitabilizing substance to be present to
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account for the persistence of the rumen foams. DPectirs
(Conrad et _al. 1961; Nichols et al. 1966) and bacterial
slimes (Hungate et al. 1964) have been suggested to act
as foam stabilizers on account of their high viscosity.

The results for calcium binding to the high molecu-
lar weight material in the rumen liquor shows that it
could be another significant factor influencing the
sbability of The rumen foams.

Ir this Chapter the nature of the foams that can
be derived from mixed systems between the soluble plant
proteins and other surfactants, both foam stabilizing

and antifoaming agents, are studied.

The influence of calcium on the compressive strength of

protein foams.

The concentration o2f cations in the rumen liquor is
usually in the range 0.1 - 0.2 M; and of this the level of
calcium found in the soluble fraction of the rumen samples
examined in this thesis (Cnapter 4) was in the range 200 -
400 ppm. In this Section experiments are described in
which solutions of proteins dissolved in 0.1 mol/iitro
acetate buffer, pH 6;5, containing varying amounts of
calcium were foamed in the Lahy apparatus.

Solutions containing 0.018% salivary mucoprotein,
and Fraction 1 protein or 0.04% Fraction 2 protein were
foamed at pH 6.5 and 5700. Compressive strength was
measured on these foams and the results for the leaf
proteins are shown in Fig. 5 (1. a) ior different concen-

trations of calcium.
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The compressive strength of Fraction ‘i protein foams
increased 13 timee as the calcium concentration increased
from O0-200 ppm. Above this concentration no change in
compressive strength was observed.

Fraction 2 protein foams showed nc increase in
compressive strength until a calcium concentration of
1000 ppm was reached. Above this concentration compres-
sive strength increased slightly. Bovine salivary muco-
protein foams wsrz unaffected by calcium in the range
0-5000 ppm. -

The values of the isoelectric pH's for Fraction 1
protein, Fraction 2 proteins and salivary mucoprotein are
5.8, .1 and 2.5 respectively. It appears from the results
that the further away the pH (6.3) of the experiment was
from the isoelectric pH of thz prctein, then the higher was
the concentration of calcium required to significantly
modify the compressive strength of the foams derived from
these protein solutions.

This is possibly due to the bound calcium decreasing
the net negative charge on the protein molecules, in a
manner similar to a lowering of the pH, resulting in a
reduction of the electrostatic repulsion and hence a greater
cohesion between them. The more distant the experimental
PH of 6.5 is from the isoelectric pH of the protein, the more
calcium would be required to reduce this repulsion to a value
which would modify the foaming properties.

If this suggestion is correct, the effect of calcium
should be less marked at the isoelectric pH of the protein,
where the potential pinding sites are occupied by hydrogen

. . . . . W,
ions. To examine this effect , solutions of 0.028% "/
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Fraction 1 protein, one containing 200 ppm calcium, and
the other without any calciuﬁ wefe fcamed in the Laby
apparatus at 37°C and in the P Tamd@e- 5.4 t6 6wl
Pesults are shown in Fig. 5 (1.b).

It was observed that the effect of calcium dimin-
ished as the pH of the protein solution approached the
isoelectric pH of the protein. This suggests that
calcium is neutralizing the charge on the protein molecule.

The effect of polygalacturonic acid on plant protein foeoams.

Fraction 1 (0.02%) solutions containing polygalac-
turonic acid (supplied by British Drug House Chemicals of
citrus fruit origin) in the concentration range 0.01% -
0.5%, were foamed in the Laby apparatus at pH 5.8 and at%

5700. Compressive strength, stress relaxaticn and the

foam retention volumes were measured. Iesults are shovwn

in Fig. 5 (2.a., b., ¢.). Compressive strength decreased
as the polygalacturonic acid concentration increased.

Measurements of stress relaxation and the feam

. retention volume indicated an increase in the persistence

 ¢£ the plant protein foams above a polygalacturonic acid

concentration of 0.04% “/v.

In order to determine the effect of calcium on thé
Fraction 1/polygalacturonic acid system, solutions of
Fraction 1 protein containirg 200 ppm calcium and poly-

galacturonic acid ranging from 0.02% - 0.10% werec foamed
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at pH 5.8 in the Laby apparatus. At polygalacturonic
acid concertrations up to 0.06%, the calcium poly-
galacturonate precipitatéd and the foams were not
significantly modified. At higher polygalacturonic
acid concentrations the solutions gelled making it
impossible to carry out the experiment. No significant
data was trherefcre obtained regarding the possible

role of calcium pectate gels as stabilizing agents.
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The salivary secretions

The role of bovine salivary secretions in the bloat
syndrome has been the subject of much controversy.
Bartley (1967) favoured the idea that the salivary
secretions act as foam destabilizers whareas Johns
(1956) and Mangan (1958) believed they were capable of
producing persistent foams. The results obtained in
this thesis have shown that whereas the salivary muco-
protein can produce persistent foams, the oesophageal
mucin did not support stable foams. In the following
section the ivypes of foams that can be derived from
mixtures of soluble plant protein frections and the
salivary secretions have been studied.

Solutions containing 0.02% Fraction 1 protein and
differing concentrations of salivary mucoprectein were
foamed at pH 5.8 in the Laby apparatus at 37°C and the
compressive strength, stress relaxation and foam reten-
tion volumes measured. The amount of Fraction 1 protecin
surfcce denatured on foaming these solutions was determined
by acrylamide gel electrcphoresis (Chapter 1).

The cesophageal .mucin, which contains sialic acid.
was added to a 0.028% solution of Fraction 1, to give
solutions containing 0-15 e of sialic acid per ml. These
solutions werz foamed .at pH 5.8 in the Laby apparatus.

Results obtained for the compressive strength
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of the foams derived frcem these mixed systems are shown
id Bige 85 (B0 ).

The saliveary mucoprotein decreased the compressive
strength of FPraction 1 pirotein foams from 3.6 to 1.3 g
me2 over tne range 0-0.1% salivery mucoprotein. The
comprassive slrength of foams derived from cesophageal
mucin/Fraction 1 protein mixtures did not diffler
Signuy'icantly from the pure Fraetien 41 fosms,.

Stress relaxation of the foams derived from the
mixed eystems are shown in Fig. 5 (3. b.). The
salivary mucoprctein/Fraction 1 mixed foams showed a

minimum stress relaxation at 0.02% ~ 0.0L% nmcoprctein.

. , -2 -2
The stress relaxaiion decreased to 4.5 x 10 7 ¢ cm

-1 o . i -3 -2 -1
sec at 0.0L% and increased to 3.5 x 10 g cm sec

at 0.10% mucoprotein, indicating a maximum persistence
of the mixed foem when the ratio of mucoprotein to
Fracticn 1 in the solution being foamed was 1/1 - 2/1.

The oesophageal mucin did not show any minimum in
stress relaxation, but decreased from 6.0 x 10"3 to
0.9 x 107 g em? gec™! over the concentration rar.ge
examined.

Tue measurements of fosm retention volwne are shown
in Fig. 5 (3. c.). The foaw retention volume of salivary
mucoprotein Fraction 1 foams increased from 0-2.0 ml at
0.04% mucoprotein and decreased to 1.3 ml at 0.10% muco-
proteir irdiceiing a maximum persistence of foams |
derived from solutions containing 2/1 salivary muco-

protein/Fraction 1 protein.

'he oesophageal mucin increased the foam retention
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volume dramatically from 0.3 ml fci Fraction 1 protein
alone to %.2 ml for mixtures containing 1G/ug of?
eialic acid per ml. Addition of salivary muccprotein
to Fraction 1 protein solutiens decreased the amouut
of Fraction 1 protein being denatured in producing the
foam (Table 5 (3. 1) to 56% at 0.0l mucoprotein.

The results indicate that ihe ovesophageal mucin
is a very efficient foam stabilizing agent, increasing
the foam retention volume and decreasing the stress
relaxation withcocut modifying the compressive strength
of the foams. The action of the salivary mucoprotein
was not as readily characterizeda, for whilst the
mixed Troams were more persistent than the Fraction 1
protein foam, the compressive strength and the amount
of Fraction 1 protein denatured in the foam decreased
upon increasing the mucoprotein content of this
solution.

If the rigidity of the foam, indicated by the
compressive strength is the impc-tant factor in the
bloat foam, mucoprotein must be considered to bec an
antifoaming agent, whereas if persistence is the
controlling factor, the mucoprotein must be thought of as
a foam stabilizing agent. From the results of Chapter L4
it would appear that the prime characteristic of rumen
foams is their high persistence and relatively low
compressive strength, and therefore on this basis, tﬁe
salivary mucoprotein would be classed as a stabilizing

agent.
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% ﬁ; salivary Fraction 1 protein
mucoprotein denatured or Toaming
C.00 oL%
0.003% SL%
0.005% 91%
0.008% 897%
C.015% 76%
0.020% 69%
0.03%% 62%
0.04% 56%
TABLE 5 THE EFFECT OF SATLIVARY MUCOPROTEIN ON THE
(3. 1) AVOUNT OF FRACTICN 4 PROTEIN DEWATURED ON

FOAMING FRACTION 1 PROTEIN/SALIVARY MUCO-

FROTEIN MIXTURE

buffer 0.1 mol/litre sodium acetatejpH 5.8(p.87);temperature B0
gas flow rate 30 ml min‘1; porosity sinter 3.

0.02% Fraction 1 protein.
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In an attempt to explein.ithe stakilizing prqperties
of these secrztions and of the polygalacturonic ccid,
the effeet of ether viscous msterials o Fraction 1
protein was examined.

The materials used in this study were solubie poly-
vinyl pyrirolidone (BSAF K25) and linsar chain dextran
(Pharmaciaz Chemicals). Viscosity‘Jre], was measured at
3700 relative to a 0.1 molﬁjtnesolution of sodium
acetate in microviscometers (Cannon instruments).
Solutions of 0.02% i@ Fraction 1 protein in acetate
baffer vH 5.6, containing sufficient polyvinylpyrrolidone
or dextran to preduce solutions of viscosity equivalent
to 0.C1%, 0.02%, 0.00% and 0.10% salivary mucoprotein,
were foamed iu the T.eby apparatus.

The effect of these viscous agents on protein foams
was to decrease the compressive strength, and the stress
relaxation, and to increase the foam retention volume.
Thus polyvinyl pyrrolidone decreased the compressive
strengti. of Fraction 1 protein foams from 3.6 to a limit
oF 2.4 & cm-2 and incressed the retention volume 0.2‘-
1.0 21, and dextran decreased the compressive strength
G 5.6 = 248 § cm™? and the rotention volume Trom 0.2
wil @ 1.0 iml.

Compared with these results, it can be seen that
polygalacturonic acid behaved very similarly. The
mucin differed from thes¢ viscous materials in that it
did not reduce the compressive strength of the foam,

and increased the foam retention volume tc a much greater



\N

volume then was produced by any of these viscous
materials.

The effect of viscosity could not explain the
mininum obtserved in the stress relaxaticn nor the
meximum in foem retention volume that occuvred with
the Fraction 1/mucoprotein mixed foams.

The effect of tannins

0

A set of solutiors containing 0.02% fracticn 1
protein or 0.CL% Fraction 2 proteins, or 0.065%
protozosl proteins or 0.06% mucoprotein or rumen liguor,
to each of which Lotus tannin hed been added to give
protein/tannin (p/t)‘?wlnixtures of 4C/1-10/9, 1/4-

1/4, were foamed in the Laby apparatus at 37°C, and the
compressive strength measured. Reéults are shkown in
Pogm 15 L &.). Foam was not produced from Frection 1,
Fraction 2 protozoal proteinsarrumen liguor at p/t
mixtures 2bove 5/1. 10/7, 5/3% and 5/2 respectively.

The compressive strength of the salivary nuco-
protein/tannin mixtures increased from 1.0-3.2 g e~
at 1/4 and 4/2 mixtures and decrzased to zero at p/t
mixtures of 1/L4. When the salivary mucoprotein/taqnin
mixtures were centrifuged pricr to foaming, foams
could not be produced frou. mixtures of p/t greater ovr
equal to 1/1. If the mucoprotein was degraded with
neuraminidase to remove sialic acid, prior to addition
of the tannin, foams could not be generated fram the-

degreded protein/tannin mixtures of greater than 5/3.

)
L
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The amount of tannin required to produce insoluble
complexes with Fraction 1 protein, Fraction 2 protein
and salivary mucoprotein was determined as follows: 5 ml
of 0.1% solutions of each of the proteins were mixed with

.~

5 ml of tannin solution containing sufficien®t tannin vo
give the same p/t mixtures vsed in the above experiment.
The tubes were sealed and incubated at 5700 Her =, Epuns
and centrifuged. The protein remaining in solution was
measured and the mavimum p/t mixture in which no remain-
ing preotein was detected, was noted. As found with the
foaming studies, the maximum p/t compliex which was
completely insoluble was 5/1, 10/7 and 1/1 for Fraction
1, Fraction 2.and mucoprotein respectively. The action

of the tanrin in- inhibiting foam production was therefore

that of precipitating the soluble protein.

The aatifoaming properties of the polar lipids of red

clover.

Mangan (1959) suggested that the piant lipids beheved
as antifoaming agents in rumen liquor and that penicillin
prevented bloat by destroying the bacteria which degrade
the lipids present in the rumen. Bailey (1964) showed
tnat the galactolipids were rapidly degraded in the rumen.
Russell and Bailey (1966) also examined the sulpholipid of
red ciover and found it to be highly surface active, decreas-
ing the surface tension of wvater by 36 dynes cm_/I at a concern-

tration of 0.013%"/v. Stifel (1968, Ph.D. thesis) observed a
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preferential synthesis of phospholipid in the chloro-

plast

)]

of low bloat alfalfa pastures.

The polar lipids of red clover lieaves were fraction-
ated as descriked in Chapter 1. Fig. 5 (5. a.) shows a
thin layer chromatogram of the separated lipids.
Mixtures of protein and indivicdual lipids were prepared
as follows, The lipids were dissolved in methanol,
and aliquots (less than 0.5 ml) containing the recuired
amount of lipid were placed in a 20 ml velumetric flask
10 ml of a 0.1 mol/litre solution of sodium acetate
added and the mixture shaken to give a suspension of
the 1ipid in the huffer. The solution of Fraction 1
protein was added and the contents made up to 20 ml
with acetate buffer. The solutions were adjusted to
pH 5.8 with acetic acid and foamed in the Laby apparatus.
Results for compressive strength, siress relaxation and
foam retention volume are given in Fig. 5 (5. b.,c.3.).
Of the lipids studied, phosphatydyllcholine was the most
effective antifoaming agent. The compressive strength
decreased as the lipid concentration increasedlfalling
from 4.5 g em™? to 0.55 & em™¢ for phosphatycyl choline
and to 0.7 g cm 2 for the otner lipids.

Stress relaxation increased from 0.18 g em™? sec™!
at zero lipid and showed complete instability at 50/ug

per ml phosphatydyl choline, decreased %o 3.5 x 10-3;g

em™2 sec™! above 75/ug/m1 digalactosyl diglyceride,
showed complete instability above 150/pg/m1 monogalac-

tosyl diglyceride, whereas the sulpholipid had only

increased the stress relaxation of the foam to 1 x 10_3
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g e~ sec”! at QOO/ng/ml.

The fozm retention volume decrcased from 3.6 ml
to zero at SO/ug ml“'i for phosphatydyl choline, to
zZene ab 75/ug ml—1 for digalactosyl diglyceride, to

zero at 150/ug m1~!

Tor monogalactosyl diglyceriae,
and to zero at 200 g m™1 for the sul holipid. The
effectiveness of the lipids as antifoaming agents
were phosphatydyl choliné}digaiactosyl diglyceridc%}
monogalactosyl diglyceridej}sulpholipid. The sulpho-
lipid itself preduced a weak foam at a concentration

of QOO/ug ml’1 of compressive sirength 0.35 g cm“z,

stress relaxation 3 x 107° g em™2 sec™, and foam
retenticn volume was zero.

In crder to test the foam stabilizing properties
of the salivary mucoprotein, mucoprotein was added to
a solution of 0.08% Fraction 1 protein containing 150
/ng na-1 monogalactosyl digliyceride, which was sufficient
to prevent formation of a Fraction 1 protein foam, to
give a oncentration of 0.04% 7; mucoprotein. The
solution was foamed in the Laby apparatus at 3700 and
at pi 5.8. The fcam so produced had a compressive
strength of 1.5 g cm-z, a stress relaxation of 0.5 x
1072 g em™2 sec”™!, and a foam retention volume of 3.2
ml. The lipid/Fraction 1 protein mixture withnut any
mucoprotein present would not support a stable foam.

This is therefore further eviierce to suggest the role

of mucoprotein as a foam stabilizing agent.
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Summary
(i Calcium (ZOO/ug ml“1) increased the compressive strength
of Fraction 4 protein foams at pH's between 5.8 and 6.3, but
did net affect Fraction 2 protein feams until the calcium
concentration was greater thon 1000/ug m1"1. Salivary muco-
protein was unaffected by calcium.

(2) The sodium salt of nolygalacturconic acid increased the
persistence of Fraction 1 foame by racreasing the viscosity

of solution being foamed.

(3) Oesophageal mucin was shown tc be a powerful foam
stabilizing ageat of Fraction 1 protein foams.

(L) Salivary mucoprotein increased the persistence cof
Fraction 1 protsein foams, but considerably reduced ths
compressive atrength of FPraction 1 foams. The reduction

in compressive strength can be explained in terms of the
mucoprotein modifying the surface composition of this film.
The persiBlience of the mixed oanis could net bée explained in
terms of the mucoprotein increasing the wviscosity of the
solution.

(5) Tannins could completely inhibit foam production

from Fraction 1, Fracticn 2, protozoal m»roteins, mucoprotein
solutions ard rumen liguor from bloating animals feeding on
red clover, by producing insoluble complexes between the
tannin and these foaming agents. The composition of these
complexes, of minimum tannin to protein ratio, were 1/5, 7/40,
1/1 tannin to Fraction 41 protein, Fraciicn 2 protein and muco-

protein respectively.



(6) The concentration of polar 1lipid of red clover required
to prevent formation of stable foams from a 0.08% solution
of PFraction 1 protein at pH 5.8 were SO/ug ml“1, 75/ug m1“1,
150 ng w1” 1, and in excess of 200 e m1™1, for phosphatydyl

choline, digalactosyl diglycerides, monogalactosyl diglycer-

ides and sulpholipid respectively.
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DISCUSSION

This study was undertaken mainly to examine the
properties of foams that can be generated from solutions
of plant leaf protein fractions, and by comparison with
the foams derived from the rumen liquor of bloating animals,
to obtain information regarding the importance c¢f the leaf
protein fractions as the foaming agents responsible for the
disorder in ruminants known as bloat.

Bloat in cattle is commonly associated with animals
feeding on pastures containing a high percentage of legune
species (Johns, 1954). It has been known for some time
that the soluble leaf proteins of legumes could produce
rigid viscous foams (Mangan, 1957). The most convincing
evidence relating leaf protein foamé to blcat was given by
Mangan (1959) who showed that foams, derived from the soluble
proteins of red clover and from the rumen liquor of blecating
animals, poscsessed maximum rigidity at the same pH. This
result formed the basis for the hypotkhesis that leaf proteins
were resnonsivle for the bloat foam.

Later work carried out by McArthur et al. (41966)
suggested that of the soluble leaf protein frsctions cf
lucerne, only Fraction 1 protein was capable of producing
stable viscous foams. However Jones and Lyttleton (1969)
showed that both Fraction 1 and Fraction 2 proteins of red-

and white clover were capable of producing these foams.
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Apart from these preliminary studies on ihe leaf protein
foamrs, no detailed study cof the conditions necesssry for the
production of feams from the major leaf protein fractions has
been made, though such an examination was made for the total
leaf proteins of white clover (Laby, 1969).

The first part of the present study was therefore aimed
at such an examination using Fraction 1 and Fraction 2
proteins of red and white clover lewves as the foaming
materials. Before such a project could be carried out, pure
leaf proteins had tc pbe iscliated from the clover leaves.

The major contaminants of leaf protein preparations are
compounds of quinone-type structure, produced ny atmosyheric
oxidation, catslysed by the enzyme rhenolcxidase, of the
soluble pclyphenolic constituents of the leaf. These
quinones can produce covaient complexes with the leaf
proteins, modifying their pigmentation,; their electrophor-
etic mobility, and their foaming prcperties (Chapter 3 -

1. ¢). Red clover (Trifolium pratense) proteins become very

highly contaminated with phenoloxidase products, unless the
enzyme is inhibited.

The method used by Mangan (195S) and Buckingham (41970)
for the isolation of leaf proteins from red clover would
have led to serious contamination of the leaf proteins with
polyphenoloxidase products.

Stifel (1967) isclated Fraction 1 protein from extracts
of lucerne leaf chloroplasts, by fi:st preciritating the _

total protein with #trichloracetic acid, a known protein



denaturant, and redissolving the protein pelliet in an
alkalinz borate wuf'fer. This procedure was shown bty Heyes
(1968, personul communication) to render permenently in-
agluble west of The Mimclion 41 prowein, Stifel ebalmed Lo
have fractionated his protzin preparation by gel Tiliration
on Sephadex GH0. Tnis gel has an exclusion iimit of 0,000
egnd would mot be expected to separate Praction 1 proilein
(k¥ 500,000) from Fraction 2 proteias (M¥ 10,C00-300,C00).
When gel fiitretion is used to separate the solublec leaf
proteins, either Sephadex G200 (exclucion limit 800,C00) or
an agarose gel {exclusion limit 1,000,000) are suitable gels
~'(Pon, 19f7; McArthur, 19566). This would cast doubt on the-
significance of Stifel's results in relation to the binding
properties of Fragitlon 1 protein for ‘caléliwnr in relation

to bloat.

Tn this thecls considerable attention was given to
isolating the soluble leaf protein fractions in as pure_a
form as possible and free of any phenoloxidase products,
using methods which would minimize denaturation of' the
soluble proteins. The procedures used are described 1in
Chapter 1 - 2 a of the experim2nfal section.

Two cystems were used for measuring the foam parameters
of protein foams. One of these was a modified version of
the Mangan apparatus (1958). In this apparatus the resistence
to a weight 1'all“ng through a column of foam was measured.
This was termed foam strength and is a measuPQ of.the rigidity
of the foam. The second system used to measure foam paia~

meters wes described by Laby (41969). This apparatus measured
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in addition to rigidity (compressive strength), rarameters
(stress relaxation, foem retention volume, and drainagé
constant) which could be related to the persistence of foams.
The Mangasn apparatus was useful for studying viscous foams
only, whereas the Laby apparatus was useful for studying all
types of foams, especially those parameters which gave a
measure of the persistence on non-rigid foams. The Laby
apparatus was therefore used for cr«racterizing all the foams
studied in this thesis, whereas the Mangan apparatus was used
only for studying the leaf protein foams.

The properties of leaf protein foams

The leaf protein foams were characterized primarily by
their high rigidity. Thes= foams were only persistent when
their ccmpressive strength wes high. The proteins were
irreversibly denatured in the foam, becoming insoluble as a
result of their action on stabilizing the gas/water inter-
face of the bubble films present in the foam. The insolu-
bility of the denatured protein made it possible to
determine the amount of denatured Fraction 1 protein
required to produce a given volume of foam. Using this
property it was shown that the rigidity (compressive strength)
of Fraction 1 protein foams was closely related to the amount
of denatured Fraction 1 protein in thec foam.

The foams produced from solutions of Fraction 1 protein
had maximum rigidity and persistence at pH 5.8. This pH
is close to the isoelectric ¢H (Pon, 1367) of Fraction 1

protein. Fraction 2 protein feams exhibited maximum rigidity
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uat‘pH's close te 9.1, @nd produﬁéd pefsistent foams over
the pH range #.5 to 6.3. This wide pH range over which

the foams are persistent is preéumably explained by the

hetcrogenecus nature of these proteins giving rise to a

range of isoelectric pli's.

The maximum amount of Fraction 1 protein denatured
on foaming also occurred at the isoelectric pH of the
protein. This can be exprlained by recognising that the
net electrostatic repulsion is a minimum and the cohesicn
between the protein molecules is a maximum at the iso-
electric pH of the protein, when tke net charge on *the
protein is zero.

Mangarn (1959) and iaby (1969) showed that the total
séluble leaf proteins Qf~plovers produced foams of marimum
. rigidity at pH's between'5.4 é£d 610. It would therefore
seem that the maximum rigidity that these workers reported
was due to denatured Fraction 1 protein ir the foam.

The minimum concentrations of Fraction 1 and ¥raction
't_é proteins at pH 5.8 and 5700, required to produce foame
having measurable stress relaxation were 0.02% and 0.C3%
Y/v respectively.

The size of the bubbles making up the foam greatly
éffected the rigidity of the leaf prctein foams. For any
given protein éoncentration; rigidity increased as the
bubble size of the foam decreased. This result can best
bé explained in terms of the amount of denatured protein
. in a given volume of foam of different bubble size.

For small-bubble foams, the total surface arei of

the burbbles constituting th: fcam is greater than in the

78



same volume of foam made up of larger bubbles. The greater
surface area produces a greater amount of surface denatured:
protein. The compressive strength of the foam, which
increases with the amount of surface denatured protein in
the foam (Chapter 3 - 8), will therefore be greater the
smaller the bubble size in the foam.

The properties of protozoal protein and the salivary foams.

The other main sources of protecin that could be
present in the rumen of bloating animals are the protozoal
proteins and the proteins of the salivary secretions. The
theories regarding the importance of these proteins was
discussed in Section 1 (Chapter 1 - 3. a. 3 and 3. a. 5).

The holotrich protozcal proteins produced foams with
properties very similar in neture fo the leaf protein foams.
The optimum.pH for production of persistent viscous foams
from protozoal proteins was close to pH 5.9. The holotrich
protozoal proteins were surface denatured in stabilizing
the gas/water interface of the bubbles comprising the fosu.

The salivary secretions examined in this thesis were
taken either from.the oesophageal secretion (Section 2,
Chapter 1 - 2. b. 2)-or the salivary mucoprotein which was
isclated from the mouth saliva of feeding animals (Chapter
1 - 2.b.1. a ). These secretions were very different
in comrosition and in their foaming properties. The oeso-
phageal secretion contained in addition to low molecular
weight proteins a high molecular weight material which

stained for carbohydrate but not for protein. This secre-

tion did not produce stable foams.
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The calivary mucoprotein (Lyttieton, 1964) produced
persistent foams of low ccmpressive strength, a result
which agrees with the low focam strength reported by Mangea
(1959). The foams generated from mucoprotein solutions
were unaffected by changes in pH over the pH range 4.0 to
7.5. The salivary mucoprotein focams therefcre, were very
different in characier to the plant or protozoal protein
foams.

The relation of the protein fcams to bloat.

The earlier implications of the 1ole of leaf proteins
was based on the evidence that rumen liguor and leaf
proteins produced foams of maximum mechanical stirength at
the same pH. The idee that Fraction 1 protein was the
cause of bicat resulted from the research of the Canadian
workers (Section 1, McArthur et al.).

In this thesis it was shown that the optimum pH fcr
the production: of persistent viscous foams from protozoal
proteins occured at pi 5.9. This pH is so close to the pH
optimum for Fraction 1 protein fosm production (pH 5.8) and
for rumen liquor foams (pH 5.7) that it would be impossible
on this basis to distinguish between prlant proteins or
protozoal proteins as the foaming agents causing the pH
optimum in rumen liquor foams. It is therefore possible
that Clarke's hypothesis (Introduction, 1. 3. a. 5) regard-
ing the role of protozoa in the bloat syndrome is correct.

The foaming properties of rumen liquor taken from
bloating animels were studied. The rumen foams were

characterized by their low,compreésive strength but very



high persistence. In this respeét they differed from the
plant and protozoal protein foams, but bore a closer
relationship to the mucoprotein foams. However, whereas
the mucoprotzin foams were unaffected by changes in the

pH of the solution being foumed, the rumen liguor exhibited
two maxima of rigidity at 5.7 and L.O. Foam persistence
was associsted only with the pH 5.7 maximum. The only
resemblenc. petween the foams from protozoal proteins or
the plant proteins and those from rumen liquor was the pH
optima for persistent foam production. The important
parameters assoclated with rumen foams were those measuring
persistence rather thsn rigidity. The langan apparatus
therefore was not as useful as the Laby apparatus in the
study of these foams.

The differences between the rumen and the Fraction 1
protein foams prompted a closer examination of the role of
Fraction 1 vrotein in the production of rumen foams. Thesc
studies revealed that:

(a) The level of Fraction 1 protein in the rumen liguor was
-too low to account for the persistence of the rumen foams.
The maximum concentration in the rumen liquor was 0.02% @%
which was the minimum required to produce Fraction 1 protein
foams that had measurable persistence.

(b) When rumen liquor containing 0.02% V@ Fraction 1
protein was foamed, only 24% of the Fraction 1 protein was
surface denatured as opposed tc 100% for a 0.02% Fraction.

1 protedin pelutien at'pH %.8:

(c) Addition of Fraction 1 protein to rumen liquor to give

181
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a concentration of 0.2% 3; only slightly increased the
rigidity without affeciing the persistence of the foams
that could be generated from the rumen liquor.

Thoese Tesults suggeeted that While Praetion 1 protein
is pres=znt as a component of the rumen foam, it is noti
tihe main surfactant responsible for the foam and that
other materials are controlling the characteristics of
the rumen .osms.

The effect of temperature on the foam parameters of
foams derived from rumen liquor and centrifuged rumen
1iguer diffeled greatlys The rigidlty of the cewtrifuged
rumen liquor foams increased with increase in temperature
whareas the rigidity of the foams derived the uncentri-
fuged rumen liguor showed the presence of a possible phase
change over the temperature range 15°C to 20°C. The
compressive sirength was constant up to 15°C, decreased
rapidly ovcr the range 15°C to 20°C, and remained constant
from 25°C to 50°C.

A possible explanation of this phenomonen, which is
apparently associated with the particulate material, is
that above a critical temperature, antifoaming agents are
spreading into the surface film fron solid particles (the
critical temperature for C18 fatty acids to spread from a
solid into the surface is close to 18°C (Davies and Rideal,
1961). As a consequence some of the protein would be
displaced iron: the surface film, thus lowering the com-

pressive strength of the foam.
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Another explanation is that a viscous material
tecomes soluble at this critical tewmperature. It has
been shown in this thesis (Section 2, Chapter 5, 3) that
the effect of viscous materials, such as polyvinylpyrro-
lidone, dextran and sodium pectate, was to decrease the
compressive strength and iuncrease the persistence of
foams. The stress relaxztation of the rumen foams increased
slightly at this critical temperature, indicating that
the foams became less stable. It appears therefore that
the antifoaming agent hypothesis is the more likely explana-
tion of the femperature effect.

It would therefore seem that the particulate wmaterial
is modifying the properties »f the rumen foams, and that

further research should be carried out on this fraction.

A.This phenomenon courd possibly be best examined by a surface
.chemical study of the system, but such a study was outside

-.,the scope of this thesis.

Interactions between Fraction 1 protein and other surfac-

| In the above section it was suggested that while the
plant orvr prdtozbal proteins or both_could be responsible
‘for the maximum in rigidity of the rumen foams at pH 5.7,
{hese proteins were nnly minor components of the film, and
the persistence of the fcams was controlled by other fTac-
 tors. In Chapter 5 of the experimental section the type of
foam that could be generated from mixtures of Fraction A
protein and other surfactants was studied in an attempt to

explain the characteristics of the rumen foams.
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Although either ¥raction 1 protein or the protozoal
proteins could have been studied in this section, Traction
1 protein was us<d because it is a well defined protein,
was casily ‘isolated in large quantities and also has been
claimed as the plant protein responsible for the bloal
foam { Matrodme tiek, ¥ 5 &#. 6)}

One promising theory which has been put forward con-
cerning the cause of bloat involves the idea cf a balance
between the foam stabilizing agents and the foam inhibitors
or foam breakers, If the concentration of these substances
in the rumen favours the production of a stable foam, then
the balance is shifted in favour of the bloating condition
(stifel, 1967).

(a) Lipids

The presence of antifoaming agents in the rumen liquor
has so far not been considered in this discussion. The
plant lipids have been thought of as the main source of
antifoaming agents (Introduction, Chapter‘1, 32 Bh. A Shis
study, the polar 1lipids of red clover leaves were examined
for their effectiveness as antifoaming agents on Fraction 1
protein foams. The antifoaming potential of these lipids
was in the order: phosphatydyl cholineﬁ]digalactosyl dygly-
ceridg? monogalactosyl diglyceridé?sulpholipid.

The effect of the plant lipids was to reduce the
rigidity and the persistence of Fraction 1 protein foams.
To explain the properties of the rumen foams in terms of
protein as the foaming agent and 1lipid as the antifoaming
agent, the presence of extremely efficient foam stabilizing

agents would be required to account for the high persistence
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of the rumen foams.

Other materials were therefore examined for their
potential as foam stabilizing agents of Fraction 41 protein
{oams.

(b) Eectins

Pectin has heen suggested for some time as a possibie
stabilizing eagent of the fcam present in the reticulo-rumen
of animals suffering from bloat (In...oduction, Chapter 1,

S 5 2K

In the present study (Chapter 5, 2.) sodium pectate,
though not preducing a stable foam by itself, stabilized
Fraction 1 protein foam when present in solution at a
concentration of 0.04% or more.

Nichols and Deese (1966) suggested that pectin methyl
esterase was an importent factor in .the bloat syndrome.

This enzyme hydrolyses the methyl pectins to give pectic
acid and methanol. They suggest that the pectic acid, in
the presence of calcium or other ions increase the vis-
cosity of rumesn liquor by producing pectate gels, which
trap rumen gases in a stable viscous foam.

In this study, attempts to examine the effect of calcium
pectate on Fraction 1 protein foams failed,either because of
precipitation of calcium pectate or,at higher concentratioans
of pectie acid, because of gelling of the solutioen before
the foam could be generated.

(c) The salivary secretions

The salivary s=2cretions heve been implicated both as

foam stabilizing agents and as asntifoaming agents (a detailed
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survey concerning the properties of the salivary secretions
was given in the Intreduction, Chapter 1, 3. a. 3. ) Because
of the possibility of the salivary secretions having foam
stebhilizing properties and because the properties of the
salivary mucoprotein foams resembled to some extent the
properties of the rumen foams (Section 2, Chapter 3, 2),
the types of foam that could be generated fromn solutions

of mixtures of Fraction 1 protein aud the salivary secre-
tions were studied (Section 2, Chapter 5, 3).

Two secretions were examined for their eiffect on
Fraction 1 protein foams. The first of these was salivary
mucoprotein which was purified from total mouth saliva as
described by Lyttleton (1904), and the second secretion
was collected from che oesophagus and termed the oesophageal
mucin,

These secretions were shown to be different in compo-
sition and behaved differently in their interaction with
Fraction 1 prctein,

The oesophageal mucin was an extremely effective
stabilizing agent for Fraction 4 protein foams. The com-
pressive sirength of the foams were not affected by this
mucin, but the foam retention volume increased from 0.2 ml
for 0.028% Fraction 1 protein alone to 3.6 ml for the
foams generated from a 0.028% v; Fraction 1 protein solution
containing mucin of 15/ng ml-1 sialic acid content. Stress
relaxation also indicated an increase in persistence, the
stress relaxation decreasing from 6.0 x 1072 g em™? sec”]

for Fracticn 1 alone to 0.9 x 1072 g em™ sec™! for Fraction
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The high retention volume of the foams generated
the Fraciion 1 protein/oesophageal mucin miztures is
probebly duc to the sirong water-mucin interactions.

The salivary nmucoprotzin decreased the compressive

, : W _ . s v L
strengih of a 0.02% ,@_Fractlon 1 preotein foam from 3.6

"

n

< “

cm - to 1.1 g cm © at a mucoprotein concentration equal

to or zreater than 0.CL7 VQ. This reduction in
compressive strength was of greater magnitude than could
be explsined by the effect o incrcased viscosity of the
mucoprotein molecule. Thus when polyvinyl pyrrolidone and
dextran were added to Fraction 1 protein solutionsz 1o

give selutions of viscosity equal to the viscosity of ¢
0.04% mucoprotein solution, the compressive strength of
the foams generated from these solutions were 2.6 g cmng
and 2.8 g T respectively.

Examination of the Fraction 1 protein denatured on
foaming these mucoprotein mixtures chowed that the
denatured protein in the foams generated from 0.02% ?;
Fraction i/n.ou% ?@ mucoprotein mixtures was only 56%'of
the Feacticn 1 denatured in foaming a 0.02% Fraction 1
enlution under the same conditions. Since compressive
strengti has beer. shown to be related to the level of
denatured Fraction 41 protein in the foam, then the
reduction of denatured Fraction 1 prbtein in the foams
genersied from these mixed solutions probably accounts
f'cr the observed reducticn in the compressive strengih

of these foams,.
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The stress reiazation and foam retention volumes of
the foams generated from the Fraction 1 protein/mucoprotein
mixtures indicated a maximum persistence for foams
generated from solutions containing mucoprotein/Fraction 1
protein of composition 2/1, %@. Possibly Fraction 1
protein/mucoprotein complexes occur in the surface films
of the foams generated from these mixtures, and the nature
of the interaction could be explained by a surface chemical
study of the system which was beyond the scope of the
present thesis.
The results obtained in this .thesis do not agree with
the theory proposed by Bartley and Yavarda (1961) who
claimed the salivary secretions to be form destabilizers
on the basis that addition of animal saliva or plant muci-
lages to a saponin foam increased the release of' gas from
the foam,
The results do agree with the hypothesis of Johns (1958},
that the salivary mucoprotein helpea to fbrm o stable
viscous foam, and with the observations of Clarke (1969,
unpublished results) that addition of bovine saliva to runen
contents being studied in artifidal fermentors (Clarke
et al. 196923) resulted in production of very persistent foams,
Salivary mucoprotein was added tc a solution of Fraction
1 protein, containing sufficient 1ipid to prevent a stable
foam being produced, and the mixture foamed. The foam
resembled the rumen foams in its rigidity and its persistence.
A mixed system, containing leaf protein, salivary mucoprctein,

and lipid was able to support a foam which was very similar



to the rToams produced from rumen liquor with respect to

the parametere measured here. To test whether or not such
a system could exist in the rumen of bloating animals,

the surfactants present in rumen liquor were examined.

The surfactants in the rumen of bloating animals.

The use of the foam fractionation method to study
the surfactaats that concentrated in the in vitro foam
generated from rumen liquor, showed that lipids had con-
centrated in the foum from 2 to 21 times indicating that
lipids were an important component of the rumen foam.

The lipids were shown to consist mainty of long chain
fétty acids'and neut®al 1ipids.

The soluble components responsible for foam produc-
tion were precipitated from centrifuged rumen liquor with
60% w/v ammonium sulphate, and were shown, by acrylamide
gel electrophoresis, to contain several protein components,
(including Fraction 1 protein) and also a glycoprotein.
The glycoprotein resembled the salivary mucoprotein in its
behaviour in the analytical ultracentrifuge, and in its
precipitaticn properties. This material was purified and
its antibody produced by injecting it into rabbits. The
antibody when cross-reacted with the leaf proteins, proto-
zoal proteins and the two salivary secretions that were
studiz:d in this thesis, gave positive precipitation
reactions only with the salivary mucoprotein and to a
lesser degree the oesophageal mucin.

Bartley and Bassette (1961) described their isola-

tion of the foaming agent in rumen liquor- and showed it to
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contain 63% protein and 17% carbohydrate. Their pro-~
cedure was to adjust the pH of the solution to pH L.O,
clarify the solution which still contained the foaming
agent in sclution, and subsequently precipitste the foaming
agent with ethanol. The plant protein (Fraction 1 and most
of Fraction 2 proteins; Section 2, Chapter 3, 1. b. 8.)
and the protozoal protein are insoluble at pH 4.0 and
therefore would not have been included in Bartley's foaming
agent preparaivion. In fact, of the sources of protein
(salivary, plant and protozoal), only the salivary muco-
protein, because of its low isoelectric pH, would still be
in solution at pH L4.O and consequenitly this would have

been precipitated by addition of etihianol as described by
Bartley et _al. (4%901). The material which was isolated

in this study behaved as Bartley's preparation, and is
probably similar material, which from its antigenicity and
chemical properties would appear to be related to the
salivary mucoprotein.

Incubation of salivary mucoprotein with neuraminidase,
an enzyme which cleaves the sialic acid residues from the
mucoprotein molecule, resulted in a degraded salivary
mucoprotein molecule, which was mcre sensitive to the
precipitin reaction of the antibody of the rumen foaming
agent. This would suggest that the material isolated from
the rumen liquor could be related to salivary mucoprotein
which had undergone mucinolytic degracation.

Mishra et al. (1967, 1969) indicated that bloat was

associated with large colonies of mucinolytic bacteria
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in the saliva end rumen contents of the bloating animals,
These workers bpelieved that saliva was an antifoaming'agent,
which when degraded by mucinolytic bacteria destroyed the
antifoaming properties of the saliva. However in view of
the results described above, another explanation of
Mishra's results could be that the mucinolytic bacteria
degraded the saliva, and the sielic-free mucoprotein is

the foaming agent or foam stabilizing agent present in the
rumen.

The role of tanfiins inm the %“loat gyndrome.

In this thesis, the soluble proteins (extractable in
phosphete buffer - pH 7.5) from a group of blcating and non-
bloating legume pastures were examined. All the temperate
non-bloating species were exiremely low in soluble protein,
a result which confirmed the researcp of McArthur et al.
(1968) who found that the non-bloating legumes contained
very low concentrations of Fraction 1 protein. These
results seemed unusual because many oi the non-bloating
legumes heve @oft, green leaves that would be expected to
be high in photosynthetic activity, and hence high in
Fraction 1 protein which is the protein acsociated with the
photosynthetic activity.

In this study the material from non-bloating pastures
was also extracted into phosphate buffer containing 2% @Q
polyvinylpyrrolidone, PVP, a substance which has been
reported to form complexes with phenolics (Anderson, 1968);

These extracts contesined the normal levels of protein found

in the extracts made from the bloating legumes. These
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results suggested that the temperate non-bleating legumes
contained constituents thet are released on grinding fhe
leaf’ tissue, and precipitate the soluble leaf precteins,
and which preferentially combine with PVP rather than with
proteins. These protein precipitants were isolated from

Lotus pedunculatus Cave.e and shown to be condensed tannins,

which were shown to fcrm insoluble complexes with the
soluble leaf proteins.

Tannins have been defined by Swain (1965) as compounds
of molecular weight 500 to 3,000, containing at least 1-2
phenolic hydroxyl groups per 100 molecular weight, which
can combine with proteins causing precipitation of the
proteins. No satisfactory chemical assay of tannins seems
to have been devised (Feeney and Bostock, 1968) which led
us in this thesis to detect their presence in legumes by
their action as protein precipitants.

A great deal of misunderstanding has arisen over the
term 'tannin'. Most reports of tannins in forages have
measured tamnnin as total phenolic ccmpounds or as the leuco-
anthocyanins, which are monomers of the condencsed tannins.
The leucoanthocyanins are common to most legume pastures
and do not cause precipitation of the soluble leaf proteins.
Thus Miltimore et al. (1970) claimed that 'tannins',
measured as leucoanthocyanins, were present in the leaves

of lucerne (Medicago sativa I.) to a concentration of 2%

dry weight, and that the bloat potentiesl of the forage

increased as the 'tannin' content of the leaves increased.



In this thesis, lucerne was examin=sd for the coundensed
tannins (by their ability to precipitate proteins) but
these were not detected in any of the lucerne plants
examinzd. We conclude that Miltimore et _al. could not
have been measuring true tannins, but probably the leuco-
anthocyanins which are very comazon in the legume pastures
but do not cause precipitation of the toluble leaf proteins.
These results would appear to support the theory that
leaf proteins are in fact the foaming agents responsible
for the bloat foam. However, a closer examination of the
precipitation properties of the condensed tannins of Lotus

pedunculatus Cev. revealed that these tannins not only

precipitated the soluble leaf proteins, but aiso the proto-
zoal proteins, the salivary mucoprotein, ~nd the foazming
agents present in the rumen liquor taken from bloating
animals. The tannins therefore appéar to be unspecific
for the precipitation of proteins. Therefore it would
seem that if tannins could be inccrporated into the bloat
producing legume pastures, bloat could be eliminated by
the action of fhe polymeric condensed tannins on the
proteinaceous rumen foaming agents, causing their obrecip-
itation from solution and inhibition cf foam production.

This could possibly be achieved in two ways:

(1) To breed tannins into the already existing

blcating legume.
(2) To feed animals on mixed pastures of the

bloating pasture and ancther species

SR .
containing tannins.
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In New Zealaud, the major bloating species are the
clovers and therefcre a selection of speciec from the
Trifolium genus were examined. Of the 30 Trifelium gspecies
examined in this thesis, tannins were found only in the

species Trifolium arvense L. and altaough this particular

species is useless as a foraging pasture, the finding

of tennins in the Trifeolium genus does show that the
possibilitly exists of finding a speciss vhich might prove
suitable for breeding into the Yew Zealand paslures in an
attempt to minimize the occurence of bloat,

Tennins wera shown to be common in the Lotus species

examined in this thesis. If the prcblems of mixed

regrowtn that occurs in a white clover/Lotus peduaculatus

pasture could be overcome, a pasture containing clcver
and s tannin-containing pasture such as Lotus, closely
assoclated so thst they are grazed together, might also
prove useful in controlling bloat.

Conclud ing Remarxks

Bloat in cattle is caused by the presence of a
stable viscous foam in the rumen. The cause of the foam
cannot be explained in terms of any single foaming
substance, though leaf proteins have teen implicated by
others as the main foaming substance.

The results of this study irdicated that although the
leaf proteins are probably a necessary component of the
bloat forim, they cannot by themselves account for the

persistence. of the bloat foams produced in the rumen 6f



animals feeding con red cvlover pastures.

The bacgic recuirements Tor ihe proeoduction of foams

resembling the rumen foams are:

(1) Proteins that can prcduce foams of maximum
persisienee at P Sels €ng« leal ol
protozoel proteins,

(2) Foam stabilizing agents. The results of
witls thesis suggested the salivéry
secretions,

(3) Bhe plant lipids.
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APPENDIX

Throughout this thesis, quipmept andispecialized
"chemicals have been marked with aﬁ asterisk*. Details of
the mauufacturers'addresses and chemical properties of
these materials are given below:

page 21

"Pluronic" is the trade name of a series of polymers
composed ¢f polyethylene glycol polymers that have been

condensed on to both ends of a polypropylene glycol base

unit. They czan be represented by the chemical formula:
HO(02H4O)3(03H60)b(02H40)cH

where a, b, ¢ are the average number of repeating units

in the polymer.

These materials are extremely effective’ non-ionie

=

detergents. They are manufactured by "Wyandotte" Chemicals,

Wyanadotts, Michigan.

page 32

"bis-acrylamide" -~ N,N'unethylene bisacrylamide. Chemical

formula (CE: CHCO NH2)2 CH,. It is the crosslinking
monomer used in the preparation of polyacrylamide gels for
electrophoresis. This material was manufactured by Eastman

Organic Chemicals, Rochester, New York, U.S.A.

page 33

Temed 1is the common name tor N,N,N',N' tetramethylethylene
diamine [ (CHE)QNCHECHgN(CH§)2 ). It is used as a catalyst
in the polymerization of acrylamide by free radicals. The
material was manufactured hy Eastman Organic Chemicals,

Rechester, New York, U.S.A.



page 53 33“‘

Coumassie Brilliant Blue

-are dycs which have been found useful at detecting proteins

. Procion Blume amnd dutde Bleck

following electropnoresis (Fazekas de St. Groth, S., Webster,
R.G., Datyner, A. 1963, Biochem. Biophys. Acta 71, p.377).
The chemical forumlae aie:

Progien blue 2

/'S

- « - € b =6
SO5 chromophore NH %N //ﬁ 1
~c¢? . c1
Coumascsie Brilliant Blue
c{lng p
: 5 #
: 7 ®
N O\O‘;S@-—-CH:\——N--—Q- :@N__CHL-@
59,7
N'(CJ.HJ;)
Amido Black o e o™
Nity  OH
| [
A=
O N—D“EN , N=N-L D
A Soswm
$9,Na

2

All of these dyes were manufactured by Imperial Chemicals

Industries, Great Britain.

page 54

Mirrodensitometer, Model MK TIIC; an automatic scanning

recording densitometer, double beam in operation, with
density ranges O - 0.5, 0~ 1.0 and O - 2.0, and lineanr
magnification adjustable between x71 and x20. Supplied by
Joyce Loebl & Co., Ltd., Princesway, Team Valley, Gateshead 11
Enzland.



.o p=

pege 55

Analytical Ultracentrifuge Model E; a mechanically driven

. ﬁrﬁracentrifuge, fitted with schlieren optical system,
capable of rotational speeds.upitc 60,000 r.p.m., mean
distance of sample cell from rotation axis 6.5 cm.

Supplied by Beckman Instruments, Spinco Division, Palo

Alto, California, U.S.A.

page 37

Amino Acid Analyser Mcdel 120C; an automated instrument

using cation exchange chromatography on a strongly acid
(_SOB> resin {Dowex 50 x 8); separate columns used for
basic amino acids and for neutral and acidic amino acids,
the former eluted with citrate/HCl huffer, 0.355K, pH
5.25; the latter with similar C.2N buffer at pH 3.25
followed by pH 4.25; the sensitivity of the instrument is
- 1O°8M for each amino acid; calibrated prior to use with
mixture of 0.1 p mol of 18 amino acids commonly resolved.
Supplied by Beckman Instruments, Palo Alto, California,

5 U. 8.4,

- page 4C

Diaflo "Centiflo" membranes; conical ultrafilter membranes,

"to retain mclecules of molecular weight greater than 50,000.

“Supplied by Amican Corporation, Lexington, Mass., U.S.A.

bare 40

‘Atomic Absorpticn Spectroptotometer, Techtorn AA4; when

fitted withk the appropriate Ca hollow cathode sourcey this
instrument gives 50 % absorption of the.spectral line at

L227 K at a sample concentration of 7 p.p.m. Ca++, and hes
a limit (1% ebsorption) of 0.1 p.p.m. Supplied by Terkin

Zlmer Instruments Ltd., Beeconsfield, Bucks., England.



page

Silica gel G (for thirn layer chromatography) was supplied

by E. Merck, A.G. Darmstadt, Germahy.

page L)1

Thin Layer Spreader, Unoplan; will spread on uniform layer

of material on glass plates for thin layer chromatography,
of adjustable tnickness from 0.1 to 1.5 mm. Supplied by

Shandon Scientific Co., Willesden, London, N.W.10.

[ 4

page 44

Polyclar A.T. is the commercial name for a water insoluble

polyvinyl pyr:rolidone. Tt is manufactured by the General

Aniiine Film Corporation, New York, U.S.A.

page ur

Column Effluent Monitor, Uvicord; measures the absorption

of ultra-violet light (éS& nm) by the liquid flowing from
the column, and records the values on a strip chart record-
er; flowx cell used was 3 mm section. Supplied by L.K.3.

Produkter , Stockholm 12, Sweden.

page 47,50

Sephadex and Sevharose sre the trade names of crosslinked

dextran and agarose géls respect¢v01y. The different types

of Sephadex and SephaLoue gels differ in the degree of cross-
linking or agarose conteﬁt, which results in different jpore
sizes in the gel matrix. The limiting molecular size which
can diffuse into the gel mafrix vories with the pore size in
the gels, which act as molecular sieves and therefore separate
molecules on The basis of their molecular size. In this thesis
two Sepﬁadex gels (G75 and G200) and orne Sepharose gel (4B)
were used. These gels are defined by the following limiting

molecuvlar weights which can diffuse into the gel.



Limiting M.W.

' (G - 75 75,0C0

lMatrix:- Sephadex (
{6 = 208 | 800,000
Sepharose 4B 5,000,000

Sephadex and Sepharose gels are manufactured by Pharmacia

Products Limited, Uppsala, Sweden.

page 49
Preperative Ultracentrifuge L-50 and L-65; high speed

centrifuges in which the rotor runs in an evacuated,

refrigerated chamber; the rotor used was type 50, with a
maximum sample radius of 7.1 cm and a top speed of 50,000
r.p.m. Supplied by Beckman Instrumenis, Spinco Division,

Palo Alto, California, U.S.A.

page 52

2.MM Tilter paper was manufectured by Whatman (W. & R.

Balston Limited, England).

page 29

DEAE cellulose, is a cellulose powder on which diethyl-

aminoethyl (LEAE) groups have been condensed to produce an
anion exchange material. The material used in this thesis
was manutactured by Bio-rad Laboratories, Richmond,
California. A1l other chemicals were of analytical grade

quality. _ x

page 67/

Transducer UL-10-120; a strain gauge in which a varying

thrust or load on a sensing arm differentially changes the
Tension on two pairs of resistence wires, thus changing

the voltage output of a bridge circuit of'which the wires
are components: a change in load of 10 g gives an curgut

of approx. 2 mV per 1 volt imput to the bridge; up to this



0/

point the'output is linear with load to * 1%. Supplied by

Shinkoh Communication Industry Co., Zushi, Japan.

page 68

Miilvolt Recorder Model QPD54; a linear chart recorder with

a I.C. imput range: 1, 2, 5, 10, 20, 5C, 100, 200 and 500 mV
in stepwise ranges, a sensitivity of better than 0.1% of
full scale, and an accuracy of better than * 0.5% of full
scale deflection. The balancing speed of the recorder is

less than one second for full scale movement of the pen.

The chart speed is variable from 5 mm/min to 240 mm/min

and the effective chart width is 250 mm. The zero adjustment
1s continuously adjustable over full scale. The recorder

is supplied by Hitachi, Ltd. Tokyo, Japan.
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