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ftBSTRACT 

Methods were de'veloped 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 

i 

into two fractions ( Fraction 1 and Fraction 2 proteins) . A 

detailed study of the foaming properties of' these soluble protein 

fractions was r.1ade so that the conditions necessary for the 

production of stable f'oams from these solutions could be evaluated. 

The natu�e of the foams derived from bovine salivary secre-

tions and the soluble proteins of' the holotrich protozoa were also 

examined. The f'oams derived f'rom the leaf and protozoal proteins 

were rigid and. of high stability only when the foam8 were of h��h 

compressive stre�gth. In contrast the salivary secretions pro-

duced foams of' low compressive strength but high persistence. 

For protozoal proteins and Fraction 1 protein of' white clover and 

red clover the optimlli"TI pEl for foam production was close to pH 5.8 
to 5.9 and for the plant Fraction 2 p:coteins in the range 5.1 to 

5.4. The f'oams derived from bovine salivary mucoprotein was 

unaff'ected by changes i� pH over the range 3.5 to 7.5. 

The f'oams genera ted in vitro fI'om rumen liquor were of low 

compressive strength but extremely high persistence, and their 

properti�s were very different f'rom those of the foam& generated 

from either the plant or protozoal proteins except that they 

showed maximum foam persistence in a sj.milar pH range. 

The concentration of Fr�ction 1 protein in the rumen"liquor 

was below the minimum concentration required to produce stable 

Fraction 1 protein foams. Of this low concentration only 24% 
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was surface denatured in production of these ve:t''jl stable T'lUnen 

foams� '1'he significance of this resul t is discussed. 
. 
Apart 

from the ION level of Fraction 1 protein, other low molecular 

weight proteins together wi th a mcljor component containing c9.::-bo­

hydrate as well as protein, were observed on an alysing the rumen 

liquor by acry1aJTlide gel electrophoresis and cellulose acetate 

electrophoresis" This major component resembled salivary muco­

protein in its sch1ierc!1 pr'ofile ill 8n analJ·tical u1 tracen tri­

fuge. This material was isolated by preparative ultracentr i�uga­

tion and bome or its properties exmnined. It was not precipitated 

by trichlorar;etic ae;id, unlike the pr0tozoal and plant proteins, 

but \vas precipitated by 60% ammol'Liufll ::;ulph3.te, 80% ethanol, and 

an equa l  voll1JT1e of 1% cetavlon. Thfl antib�dy to this mate:-ial 

gave a positive precipitin reaction with the salivary mucoprotein, 

the sensi tivi ty of' which could. be increased. by incubating the 

salivary mucoprotein with neuraminidasE:: � aa enzyme vlhich removes 

the sialic acid from the mucoproteir. molecule. The signific&rlce 

of these findings in relation to o�h�r work is discussed. 

The actien of various surfactan ts that llave been implicated 

in the bloat syndrome on the foaming properU.3S 01' FrRction 'j 

prot.ein. 'fowns wa2 examined. Thus calQ i urn was found to increase 

the rigidi ty of' Fraction 1 protein :f'oams, sligr .. tly increace the 

rigidi ty l f Fraction 2 protein foams at hj Ch calcium c·:mcen­

trationE only, but was wi thout e'f'fcct on s2-livnr;;' mucoprotein 

foams. 

Sodium po1ygalacturonate increased the persistence of' 

Fraction 1 protein foams at concentration greater than OoOL�% w/v. 

Two s91ivary secretions were eXrunined for their effect on 

Fraction 1 protein fOQIDs. The first of these was bovine salivary 
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mucoprotein, which whilst illcreasing the �ersistence of the 

foam, decreased its rigidity. Foams of maximum perSistence were 

produced fronl solutions containing Fraction 1 protein/muco­

protein in the ratio 2/1, w/w. The second salivary secretion 

eXcJnined was the oesophageal mucin. This material did not 

produce stable f oams by itself, but waD an extremely effective 

stabilizing agent of ·Fraction 1 protein foams. 

The most effectj.ve an tifoaming agent of the polar lip:!.:':: 

of red clover examined in this theSis, was phosphatydyl choline 

which at a concentration of 50 ,?g ml-1 
completely illhibi ted 

the production of Fraction 1 protein foams. 

Addition of mucoprotein to lipid/Fraction 1 protein 

mixtures which would not support stable f oams, resu:ited in 

production of extremely perSistent foam�. Both Fraction 1 

protein and mucoprotein were essential for the formation of 

these f oams which resembled the properties of the foams genel'ated 

in vitro from rumen li�uor. 

From this study it appeared that neither the plant nor 

the protozoal proteins by themselves c0uld account for the 

properties of the rumen f oams. The properties of the rumen 

f oams c ould be reproduced by generating f oams 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 n on·-bloating legumes 

contained condensed tarillins which precipitated the sol�ble leaf 

proteins and thus by removing the plant foam:i.ng agents from 

solution inhibi ted foam production i'l'om these extracts. These 
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-
shown to for m j.Dsoluble complexes, not only with the soluble 

leaf protei�s, but with protozoal proteins, salivary mllcopro-

t ein , and the protein pre s e nt . in rlli�en liquor. 

1'annins were COL1mon in the LotS§ specie[..;, b ut of the 

Trifoli'llill spe c iel:- examin ed, they were found only in Trifolium 

arvense L. . �he significance of incorporEtion of tannins 

into bloating past1lr'es in an attemp t to elimiJ"late bloat is 

discussed. 

The non-bloating tropical legumes, apart from the 

Desmodium species) did not c ont ajn tamlins but were lower in 

soluble leaf protein, 8..'1d the bloat potential. could be 

\ corre1ate1 with the compressive strength of' tLe .foams d0�ived 

from extracts of these plants. 

iv 



SECTION 1 

INTRODUCTIOtr 



CHAP'l'ER 1 

./ This thesis is mainly concerned Vii th . 
a study of 

the properties of foams that can be generated from 

solutions of plant leaf proteins; and the poss:i.blo 

relationship of' these foams to the disorder in cattle 

known as bloat. Of the leaf proteins, only tho fraction 

which passe s into solution on rupture 01' the leaf cells 

is like ly to be of innned iate importrulce i n  the pro­

duct.ion of f08lTI. The literature review' wh i ch f'ollovis 

is concerned primarily with the pbJ'Sico-chemical studies 

on plant leaf proteins , the history and present day views 

as to the cause 0f bloat, the materials that h ave been 

Ruggesteo. e.s e:ffecting the occurrence of b loat ,  and 

finally the '�heory of surface chemi8try of f'ilms and 

foams, and the factors involved ill the pl"oduction of 

per·sistent foams. 

1 



LITERATURE .REVIEW 

1.1 1.Q!L . .§.9.luble proteins present in thLleav�s of highe r 

plant§ were classified by Singer et ale (1952), 

primarily on the basis of molecular sizes into two 

fract:l.ons. Analytical ultracentrift:;.gation showed t.l:l.at 

the two fractions were common to most higher plants. 

The higher molecular weigh t tJ."action was called 
Fraction 1 protein and the lower molecular weight 

fraction was tei"med Fraction 2 I'rotein. 

Fraction 1 protein accounts for up to 50% of the 

total soluble leaf protein, and ul t�'acen"trifugation 
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and gel electrophoresis has shovm it to be a homogenous 

proteln (Wrig::"y et ale 1966 ) . It exists as the major 

p rotein in the chlopoplasts of. green leaves (Lyttle ton 

and Ts'o, 1958). It has been associated with the 

enzyme ribulose diphospha te c[�rboxylase, the enzyme 

responsible for carbon dioxide fixation in the photo­

synthet1.c metabolic pathway in highe r  plants (Mayaudon, 

1957; Trown, 1965). Fraction 1 proteiL has been iso­

lated from a number of plants by preparative ultracentri­

f'ugatj.on (Eggman, et ale 1953), am more recently by 

gel filtration chromatography on dextran gels (Sephadex 

G 200) from rice leaves (Mendiola and Akazawa, 1964) 

and from spinach (Pon, 1967; Trown, 1965 ). Its 

molecular weight is between 5(;0,C:OO - 6co,000 (Trovlll, 

1965; Pon, 1967). The above mentioned workers have 

also ,':}xamined its amine acid' composi t ion. 



It has recently -oeen shown to be made up of two 

dif'ferent subunits ( Rutner and Lane, 1 967; Moon and 

Thompson, 1 968) of molecular weights approximately 

54,000 and 16,000. Kawas hima ( 1 969) has shown the 

larger subunit to have the same amino ac:i.d com;>osi tion 

when prepared from spinach or tobacco leaves. The 

lower molecular weight subunit differed in composition 

for the two plant preparatioli�. 

It can be seen therefore that Fraction 1 protein 

has been examined fairly extensively. An excellent 

review of th e physico-chemistry of Fraction 1 protein 

3 

has rec;ently been published ( Kawashima and Wildmnn, 1970). 
Fraction 2 protein is not in fact a single pr0teiL 

but a mixture of all thG other proteins and enzymes 

present in the leaves of highe� plants. They range 

in molecular weight from 10,000 - 300,000 and have not 

been studied as extensively as Fraction 1 protein. 

This thesis is mainly concerned with a study of the 

propert5.es of foams which can 'oe 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 otudy was 

made in order to produce basic Llforma tion about these 

foams, it was carried out in full awareness of tho f act 

that the results might be helpful in understanding the 

nature of the foam which, wher: ge:'lerated in the rumen 

of cattle grazing rich paBture, gives rise to the 

disorder mown as bloat. 
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B e c au s e  t.he �l.npor t enc e of th i s  d i s orde r  wa s largely 

r e spon s ib l e  for tl1e cho i c e  of the s ub j ec t of thj s  the s i s ,  

and b e c ause the pl anning of' many o f  th e exper imen t s  was 

infl uenced b y  t lle ir p o s s ib l e  r e la t i onsh ip to th e b l o a t  

sJ�d r ome , the n e x t  s eu t l on o f  the l i t e ra t ur e  rev i ew w i l l  

d e al w i th s ome o f  the the or ie s th a t  have b een pu t 

f orward t o  ac c o-JUt f o r  this app a r en t ly s imple but in 

f ac t 7  very c omplex d i s ord er . 

1.2 B l o a t  h i s t ory 

B l o a t , hoV'e or tympan i te s  ha s b e en knm7n t o  o c c ur for 

over 1 000 years . Anc ien t R oman wr i t ing s of 60 A. D.  

d e s c r' ib e  t h e  COlldi t i on and i t s  t r e a tmen t ( Tribe , 1 947 ) .  

B lo a t  in ruminan t s  i s  char ac t e r h:; ed b y  d is t ens i on o f  

the for e s t omac h s  fo l l owing in t e rf e renc e w i th t he normal 

e l imin a t i on of gas prod uc ed by the m i c r ob ial d i ge s t i on 

in the se org ans . Over the la s t  200 year s , b l o a t  has b e en 

a s s oc i ated w i th ruminan t s  fe ed ing on lush grow ing p a s ture s 

c on t a in ing a h i gh pe r c en tage of l e gume s  s uc h  a s  c l ove r s  

o r  luc erne . 

ivlany hyp o the s e s  have b een pl1 t forw ard t o  e x!) l ain 

th e a ilmen t , ar� the s e  th e or i e s  h ave fallen in t o  tw o 

group s .  

( a) Toxic fac t or s  

The se the or ie s s ta t e  tha t t he for age b e ing d ig e s ted 

c on t a ins t ox i c  pr inc ipl e s  which a r e  r e l e a sed in t o  the 

r umer .. a'1,:l are C 3.p ab l e  of paralys ing the musc l e s r e spon s ­

rol e  :for' e ruc t a t i on of the gase ous produc t s  o f  rumen 

fermen t a t ion. The ma t e r ials that have b e en sugge s te d  a &  



b e ing re sp un s ib le inc lud e cyan id e ,  hydrogen sulp�id e ,  

and sapon in s .. 

Cyan ide 

I t  ha s b e en kn own f'or many �re a r s  that c e r t a in l e gume s ,  

inc luding th o se wh ich rr.ay c au s e  b l o a t , c on t a in c yano ­

g enic gluc o s id e s  which a r e  re ad i ly hydr olysed t o  g iv e  

hydr ogen cyan id e .  Thj s led E van s ( 1 949 ) t o  sugg e s t  

that thi s w a s  the toxic pr inc �pl e invo l ved in b l o a t .  

However Qu in and C l arke ( 1 945 ) admin i s tered enough 

p o t a s s ium c yanid.e t o  inhib i t  rumen mo t i l i ty and show ed 

no impairment in the an imal s '  ac i l i ty to eruc t a t e  

c arb on d iox id e  in trod uc ed thr ough a rumen f' i s tula .  
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D ougb e r ty and C el l o  ( 1 953) sh owed tha t B i rd sf'o o t  

t ref'o il ( � o tus c orn iculatu s L. ) ,  a legume not a s soc i a t ed 

w i th b l o a t , c on t a ined highe r leve l s  of' c y anogen i c  

gluc o s id e s  than the le gume s which c ause bl o a t .  Fur ther­

more .John s ( 1 954) ob ta ined f're -lu en t b l o a t  wi th c a t t le 

g ra2ing r ed c l over ( Trifol ium pra t ense L . ) a legume which 

d oe s  no� c on t a in cyanogen ic gluc o s ides . Thi s  ev id enc e 

t ended t o  d i sc red it the id e a  oE c y an ide b e ing the c au s e  

of' b loat . 

S apQPi!l.§ are known t o  have the ab i l i ty t o  inhib i t  

muscul a:c· mo t i l ity and c ause d e a th "  Jackson ( 1 957)  gna. 

L indahl ( 1 954) i so l a t ed s apon in s f'rom alf'alfa ( Med i c ago 

s a t iva L.) anet proposed tha t the s e  ma terials w e r e  r e spons­

ib le fo r b l o a t . 

The ma in �rgumen t s  again s t  the t oxic f'ac tor the ory 

are : 



" 

1 • B l o a t  has b e en sbovm t o o c cur al though the. 

mu sc le s r e spoD P ibl e fo r e ruc t a t i on w e r e  

func t i oning ( Jehns , 1 954) . 

2 .  I nhib i t ion of' e ruc t � t i on d o e s  n o t  r e su l t  in 

true bloa t ( Par s on s , 1 952 ) . 

( b ) R 0 t e. n t i on of e�s in th� r� 

The s e  theor i e s  s t a t e  t.hat the ga s e s produc ed in 

the rumen are re t a ined the r e  .. 

1 .  11Le exc e s s ive ga s pr od uc t i on t he or� 

Ve e tc h  ( 1 937 ) po s tula t ed that b l o at oc cur ed whe n  

a:;'limal s w e r e  f'ed suc culent le gl1!::e s  wh i ch r e sul t ed i n  

g a s  pr oduc t i on in exc e s s  o:f t h a t  wh i c h  the an imal l! 0111d 

e ruc t a t e . H ow ever C ol e , e t  al e ( 1942 ) and Qu in ( 1943 )  

showed th a t  the c a t t l e  c ould e ruc t a t e  mor e  g a s  than w a s  

produc ed j. n  the r umen even by the r i ch e s t  le gume :fe ed s .  

2 .  The exc ess ive c on s'lpnn t i on of d t'.'?n s e  feed - �- --"-------'---'-----

Thi s  the ory s t a t e s  tha t "b l oat i s  due t o  an 

ob s t�uc t i on o:f the c ard ial or i f i c e  by an inge s t a  o:f 

d ense :f � ed which preven t s  e l imina t i on o:f gas :fr om the 

rtunen . Thi s the ory w a s  however eas i l y  d i scred i t ed 

s inc e b lo a t  has b e en produc ed. by drenchj_ng animal s 

W ".L th l e gume extrac t s  and the .£:'ef0re in the ab senc e o:f 
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s o l id ing e s t a  ( F er gus son and Terry , 1 955 ; L indh ahl , '1 954 ;  

N ewb o ld ,  1 954) . 

A s  e arly a s  1937 McL and i sh � l 3. irned tha t  b l oa t  w a s  

c � used n e t  b y  exc e s s ive ga s pr od uc t i on b u t  by r e t en t i on 

o:f the gas in a :fr o th whi ch the fu� imal s c ould no t e ruc ta t e . 
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O l sen ( 1 942 ) bel ieved �hB t  bl oat arose as a resul t of 

the rumen fermentat i on gases  b e ing trapped in a saponin 

foam.  Quin ( 1 943) s tated that bloa t  was ne arly always 

as s oc i ated wi th the pre sence of foam in the rumen , and 

that the foam could impede the e scape of gas from the 

rumen. 

A l though these early workers had po stulat8d that 

foam was the c ause of bloat , t:�a theory did no t f'ind 

wide acc eptanc e unt il the e ar ly 1 950 ' s . Johns ( 1 954) 
r epor ted that ne ither rumen movement nor the eruc tation 

mechanism were inhib ited dur ing the onset of bloat , and 

t�at the only fac tor which was  c onsis tently correlated 

w i th bloat  occurrenc e was the pre sence of' foam in t�e 

rumen. He cr i t ically ezamined the theories which had 

b een proposed , and the cond i t ions under which bl oat 
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oc cured with cattle feed ing red clover in the New Z e aland 

environment .  All h i e.  evidenc e po inted to the trapping 

of rumen gase s :i.n a s table  f'oam b e ing the c ause of bloat . 

Johns c oncluded as follows:  

1 .  Ant ifoaming agents were the only o.rench material s  

tha t consi stently re l ieved the �loat ing c ondi t ion. 

2 .  Eruc tation always was  ob served to take place when 

the animals were becoming b :. oated . 

· 3 .  Bloat w a s  n o t  rel ieved b y  a s tomach tube.  The tube 

bec ame blocked with s olids which were intimately 

mixed �ith a frothy ma s s .  

4. When the rumen was punc tured in acutely bl oa ted 

animals ,  a cer tain amount of fre e gas was rele ased 

and then the punc tur ing needle became blocked with 



a fro thy zr.8.S G .  

5 . The rumen contents of a cow th at had d ied 0f 

b loat  was full of a s o l id foam i . e .  the foam 

was held by grass a.nd cl over stalks that gave 

i t  a support ing stl'UC ture . I t did no t ooze 

out but behaved as a so l id ma s s .  Johns bel ieved 

that bloat was due t o  r e tention of ga s with in 

�he rumen d igesta by foaming of the rumen 

c ontents supported by the mas s of plant ma terial . 

R e id and Johns ( 1 957 ) and R e id ( 1 960 ) pub l i shed 

their foam hypothesis .  Most  research workers in  the 

bloat  fi eld have accepted the the ory which holds foam 

t o  be  the c ause for bloat oc currence ( B ar tley , 1 967 ; 

McAr thur , 1 964 ; S t ifel , 1 96 8 a ,  1 968b ;  Conrad , 1 961 ) 

1 . 3  The c omplex nature of the b l oa t  syndrome 

W i th the wide  acceptanc e of the foam theory of 

bloat c ��e a surge of researcfi into the ident ification 

of surfac tant materlals that c ould have been involved 
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in the bloat syndrome . Any plan t or animal material 

which would ei ther produce a s table visc ous foam, or 

increase the viscosity of the rumen c ontents  thereby 

incre as ing the persi stence of the foam, has been 

sugge s ted as a pos sible s�fac tant responsib le for the 

bloat fo am .  S imilarly any mater ial .known to inhib i t  

foam produc t i on o r  t o  decrease the pers i stenc e  of fo�ms 

has been inipl icated as an ant ifoaming agent in the bloat 

syndrome . F ig .  1 shows the mater ials and fac tor s that 

have thus been implicated in bloat .  



F IGURE 1 

The Bloa t  Syndrome 

The circle represents the bloating condition when a 

stable roam is present in the rumen. Arrows pointing 

inwards to the circle represent materials ru1d ractors 

which can stabilize rumen roams . Arrows pointing 

away rrom the circle indicate antiroarning agents , and 

arrows pointing in both d i rection r; indicate reversible 

ractors �nvolved in bloa t .  
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1 0 3  ( a ) Materi9.l s Impll�.§ted as  tl}e ,fo aming agent re�onsibl� 

.for the bloa t f'��. 

1 . S apqlJdQ..§ 

McLand i sh ( 1 937 )  sugge sted that the alfalfa saponins , 

which were capable of p� oduc ing stable v i scous fuams , 

could r e tain. the ga seous produc ts of rumen fermentat ion 

in the se foams giving r i se t o  bloat . C o�l son ( 1 960 )  

sugge s ted that saponin s  could .,- ":); - .� r e sponsib l e  for e i ther 

fo am produc tion or inhib ition of eruc t a t ion by muscle 

paraly s i s. Lindhahl et  al e 1 954 , hO'vyeve r ,  were lmab le t o  

produce :fro thy bloat  b y  drenching animal s wi th alfalfa 

s �ponins . Mangan ( 1 959 ) showed that cl ove.r saponins had a 

pH maximum for fo am s�rength at pH 4 . 5 .  The pH maximum 

f'o r  :roams generated from rumen liquo r o c cured a t  a higher 

pH of 5 . 5 - 6 . 0 . 

A modific ation o f  the r ole of sap onins was sugge sted 

by Gut ierrez e t  al e ( 1 958) . Tr..ey showed that when 

s aponins were incub ated wi th rumen b ac t er i a  and pro t ozoa 

a heavy � ro th was pr oduced fr om degr adat ion of the saponins 

and produc tion of a v i sc ous b ac ter ial sl ime . 

2. Pec t in and pec t in me thyl e s ter as e . 

C onrad et  al o ( 1 958)  claimed tha t  the plant pec t ins 

were r e sponsible f o r  high ga s produc t i on in the rumen and 

were al so c apable of c aus ing stable foams simtlar to tho se 

found in pasture bloa t .  In 1 961  C onrad e t  al e claimed 

that the highe s t  inc id ence of ·L)loo.t corre sponded t o  the 

highe s t  c oncentrations of pec t ic sub s t anc e.s in lad ino 

c lover and alfalfa .  Pre ssey e t  al e ( 1 96 3 ) , however ,  found 



no corre l a t i on b e tween pec t in l evel s  and b l o a t  

fre quency .  

He ad ( 1 959 ) c l a imed t o  h ave i s olated the 

fo aming agen t :fr om rumen l i qu o r  and. sh own i t  t o  

b e  carb ohydr a te . Hydrolys i s  o f  thi s  ma t 3 r i al 

y i e ld ed the sugar s as soc i ated wi th pe c t in and 

hemice llul o s e .  The New Z e al and w orker s b e l i eved 

pec t in i t se lf w a s  no t t':� fo aming agent , but b y  

incre a s ing the v i s c o s ity of the rumen l i quor i t  

c o uld a c t a s  a s t ab i l i z ing agen t ( Wr i gh t , 1 961 ) .  

Wr ight a l s o  sugge s t ed tha t  p e c t ins could ac t a s  

foam inhib i tors b y  decrea sing the ava ilab i � i ty 

of calc i um  and s od ium, wh ich are r e quired t o  

s tab il i z e  p r o t e in and s aponin f oams . 

1 2  

N i cho l s  e t  a1. ( 1 966 ) , in several p aper s ,  

imp l i c a ted the ac t iv i ty of pe c t in me thyl e s te r a s6 

( PME) a s  the imp o r t rolt f�c t or r � spons ibl e  for 

b l o a t .  Tni s  enzyme hydroly s e s  the me thyl pec t in s  

t o  g i v e  pec t ic ac id and me thano l .  The pec t i c  a c id 

in the pre senc e of c al c ium or s imilar c a t i ons c an 

inc r e a s e  the v i s c o s i ty or rumen flu id by pr oduc ing 

c alc ium p e c tate gel s , wh ich t r ap rumen gase s in � 

s � ab l e  v i s c ou s  foam. The se auth ors d emon s t r a t ed 

that the PME ac t iv i ty of s al ine extrac t s  of alfal�a 

was s i gn i f i cantly h ighe r  on b l o a t ing days than on 

non-b l o a t ing d ay s , e . g. N i� b o l s  ani D e e s e , ( 1 96 6 ) . 

O tb er w orke r s 9 t  W i sc on s in Univer s i ty ind i ­

c ated that PME ac t iv 1 ty w a s  g r e a t er in young alfalfa 

than in n� tur e alfalfa . 



3 . The r o l G  o r  saliva in the b�t s�nd� 
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S al iva has b e en sugge s ted a s  b e ing a fac tor i nvo lved 

in b l o a t  though i ts ro le ha s b e en c ontrove r s i al .  J ohn s 

( 1 958)  c ons id er ed tha t  the s a l iva s e c r e t i on s  could e i ther 

a s s i s t  in prevent ing b l o 2. t  by b uffer ing a :raIl in pH of 

the rumen o r  inc re ase b l o a t  sevel' i  ty by add ing c arb on 

d i oxide t o  the sys t em, thus a s s i s t ing in foam forma t i on .  

H e  b e l i eved tha t  the muc opr o t e LL pr e sent in the sal iva 

helped 1:0 f o rm a s t able v i s c ous f o am. Phi l l ipson and R e id 

( 1 958)  foune th a t  pr e s sur e in the rumen inc r e ased b o th the 

f l ow and muc opr o t e in c onc en tr a t i on in the submax i l l ary 

saJ. iva . 'i'he ir r e sul t s  sugge s t ed that thi s add i t i onal flow 

in r e spon s e  t o  pre s sur e  c ould c au s e  inc r e a s ed bl o a t  

sever i ty .  

I n  c on t r a s t ,  We i s s  ( 1 953) c oncluded in h i s  r e sul t s  

tha t  when succulen t  le gume f o r age was e a t en ,  fro thy b l o a t  

r e s ul ted f r om insuff i c i en t  s al iva t i on. R oughage i n  the 

f orm of h ay o r  ma tur e legume l ed to an i nc r e ase in s a l ivary 

flow, r e s�l t ing in a wat e ry , l e s s  vi scous inge s t a  wh ich 

would no t suppo r t  a s t ab l e  fo am .  Mend al l  and B od a  ( 1 96 0 )  

ob servea that non-b l oa t e r s se c r e t eo. mor-e sal iva than b lo a t  

suscept iQ l e  animal s .  B ar tley ( 1 9 58 )  s t a ted tha t ident i c al 

twins b l o a t ed l e s s  w i th watery ing e s t a  than w i th th ick 

v i s c id inge s ta .  Van H orn and B ar t ley ( 1 961 ) ind i c a ted that 

add i t i on of s a l ivs t o  fro thy inge s t a inc r e a sed g a s  r e l e a s e  

t hu s  de s t ab il 'i z ing the fo am ,  an obserYa t j. oll wh ich suppor t ed 

the the ory o f  We 5 s s .  They po s tul a t ed that s inc e b l o a t . 

r e s ul t s  f'rom the pre sence of foam - promo t er s , in an ab s en c e  

o f  a n  ant i f o aming agen t ,  the s a l iv ury muc in may b e  th i s  



antifoaming agent. Bartley and Yavada ( 1 961 ) confirmed 

the antifoaming proper ties of' salivary mucin and plant 

mucilages by showing that these compounds could both 

inhibit and destabilize foams produced from alfalfa 

saponins. 

Mishra et al e ( 1 967 )  showed that the ruminant 

saliva contained aerobic bacteria capable of degrading 

the o .... �ivary mucin. Also they isolated f�om the rumen 

of these animals aerobic bacteria which utilized saliv� 

as a sole source of nutrients, and Showed that these 

bacteria were present at a higher concentration in the 

rumen of bloat susceptible animals than in the les� 

suscep ti�le a�imals. They conc luded that bloat may 

result when the mucin content of the rumen is lowered 

either by reduced salivation or by the destructive 
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action of muc lnolytic bacteria. In a later paper, Mishra , 

e t  al e ( 1 96 9 )  isolated anaerobic bacteria capable of 

breaking d own mucin and suggested that some of - these 

bacteria were implicated in bl oat as slime producers. 

4. The role of calcium and magnesium in the bloat syndr-orne . 

The relationship between cD lciurn, magnesium and other 

cations flas been shown by early workers to influence the 

severi ty of' bloat. Smj_ th ( 1 962 ) found that calcium and 

magnesium, when applied to the forage or given as a drench 

prior to the an j :nals grazing alfalfa, increased the b loat 

severity . Furthermore drenching the animals with calcium 

or magnesium chelating agents such as ethylene diamine 
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te tra-ace t ic ac id , whIch d ecrAaEe the availab i l i ty of 

the c a t ions , reduc ed bloat  severi ty.  Warner ( 1 962 ) 

showed tha t  when alfalfa was sprayed wi th calc ium 

c arb ona te , bloat sever i ty increased . U e id e t  a1 . ( 1 961 ) 

showed that  addi tion of sl aked l ime to the rolimals '  

dr inking water al so increased the severity of bl o a t .  

Jackson et  al e ( 1 96 2 )  and Smith ( 1 96 3 )  d id nu t find any 

correlation b e tween c alc ium co��ent of alfalfa plants 

and bloat severity. S t ifel ( 1 968b )  observed a posi tive 

c orrelation between the magne s ium c ontent of alfalfa 

chloroplasts and bloat occurence , but a negat ive corre­

la t ion b e twe en calc ium level and bloa t .  Miltimore e t  al e 

( 1 970 ) found no correlat i on b e -�ween bloat and magnec ium 

c onten t  of alfalfa , but s i gnific ant c orrelati on b e tween 

bloat  and n ickel , z inc , and cal c ium leve l s .  

Mangan e t  al e ( 1 959 ) showed tha t sod ium and c al cium. 

were e ssent ial for the development of s trong pro t e in and 

s ap onin foams . Prec ip i ta t i on or calc ium from solutions 

of alfalfa saponins reduced the foam produc t i on to  zer o .  

Harri s  and Sebba ( 1 96 5 )  showed that nickel and z inc 

beca'Tle conc entrated. in the foams deri7ed :from alfalfa 

extrac t s .  Phelps ( 1 962 ) observed that the amount of 

ammonium magne s ium pho spha te i sol ated froIn an imals with 

fro thy inges ta was three  time s  a s  great as tha t produced 

from nen-fro thy inge sta . 

S t ifel ( 1 968a) showed that th('; calc i'J.ID and magnes ium 

b ind ing to the chloroplastic pro teins of alfalfa , was 

highly correlated to the b l oa t - po tential of the f orage . 

The d i fference  in b ind ing was expl. ained as due t o  a 



d ifferer:.ce in muino ac id e OITIp o s i t i on of the protein .  

5 .  The r ole  o f  bac ter ia  and pr o t o ?; 'o a  in  th e bloat syndr ome . 

F e rmentat i on gase s are produced by rumen bac ter ia  

and Pl' o t o z o a ,  a s  a resul t of brel3.kd mvn of the fermentab l e  

plant sub s tr ates .  Ant ib i o t ics such a s  penicillin have 

been used a s  bloat preventative s .  Thei r  ac t ion has 

been explained by Mangan ( 1 959 ) as occuring by de s truc ti on 

of the � ac teria which hydrolyse the plan t  l ipid s .  Bar tley 

( 1 96 7) attribu ted ant ibiotic  ac tion t o  the destruc tion of 

mucinoly t ic bacter i a  whi ch d egrade the an tifoaming 

sal ivary muc in. Gut ierrez ( 1 958)  and Hungate ( 1 955 ) pro­

posed tha t  be,c teri a a t tacking inges ted legumes high in 

c arbohydrate s prod uce bac terial sl ime s which inc re ase the 

visco s i ty of the rumen l iquor , thus s tab i l iz ing the rumen 

foam. 

Holotrich pr otozoa  have been impl ic ated in the bloa t 

syndr' omA ( C larke , 1 96 5a) . He  showed tha t the c il iate 

rumen pr oto zoa popula t ion had a marked d iurnal variation 

which was  mainly due t o  change s  in the hol o tr ich popula­

t ion. Holo trich pr otozoa have a me tabolic  peculiar i ty 

whereby they are unab le , in the pre sence of excess  substrate , 

to  stop s;vnthes iz ing r e serve polysacchat' ide which they do 

until they burst .  The fall  i n  holotrich populat i on is 

the refore attr ibutable  to l o ss thr ough bur s ting. Thi s 

drop i s  apparent a t  the t ime a t  which bloat  develops . 

Clarke e ugges ted tnat the proto zoal conten t s , con taining 

proto in s  and nucle i c  acid s ,  c ould have consid erable foam 

s tab il i z ing propert ie s  when released into the rumen from 



the l ysed ce l l s .  

Clarke ( 1 965b )  showed a relat ionship -be tween b l o a t  

severi ty and dry we ight o f  protozoa  i n  the rumen l iquor 

sample taken pr ior to feed ing.  He sh owed that the inc re ase 

in we ight of protoz oa was no t due to all increase in 

pro toz oal numbers but to an inc rease in the weight or the 

pro toz oal c ontent , i . e .  bl oat was more  s evere when 

pro t o � �a were very full of polysacchar ide and in a s tate 

in which they were l ikely t o  burst  releasing thei r  

c ontents  in to the rumen. 

Cla�ke ( 1 96 6 )  used an ant i -pro tozoal agent , 1 , 2 -d i­

me thyl-5-ni tro-imid azole , which prevented bloat in c a t tle 

feeding on red clover . Thj s age�t completely des troyed 

the hol o tr i ch pro toz oal populat ion and caused a reduc t i on 

in fermentation.  

Clarke ( 1 969)  showed th i s  drug could reduce and 

ul t imately el iminate pro tozoal hol o trich population and 

in general reduce sub s tantial ly the inc idenc e and sever i ty 

of blo�t in b o th s tall-fed non-lac tating and graz ing 

18c tating c ows . On a few oc casion s  mild b loa t wa3 observed 

although the rumen was free of holo tr ich protozoa.  

6 .  The r ole of pl ant pro te ins in bloa t .  

Bar tley and B assette ( 1 961 ) analysed rumen foam and 

found that the ma j or component o r  the roam was prote in ,  

the crude protein in the foam runount ing t o  63%. The main 

source 8 o:C soluble protein in the rumen are :  ( 1 ) s al ivary 

mucopro tein , ( 2 ) pro tozoal pro te in ,  and ( 3 )  soluble plant 

pro te in. ( 1 )  and ( 2 ) have alrefl.dy been discussed e ar l ier  



in the in t r oduc t i on. 

Johns ( 1 954,  ' 1 956 ) p o s tul a ted tha t plant pr o t e in or 

i t s  d e gr ad a t i un pr odu e t s c ould be r e sponsible f or the 

f' o am inv0 lvcd in bl o a t .  'Th i s  w a s  q ue s t i oned ( F e rgu s s on 

and Terry , 1 955 ) on the b a s i s  o f  whe ther the pr o te in 
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wo uld b e  r el e s �ed fa s t  enough �f r c m  th8 inge s ted f o r age to 

be e. s ignifi c ant fac t o r  , . '  and therefor e the auth o r s  

favoured the t lJ.eo ry th at th e pr o t e in r e sponsib l e  f or the 

f o am wa s p�esent in the rumen l i quor p r i er t o  feed ing . 

R e id e t  al . ( 1 962 )  and Bryant ( 1 964) me asured the r a t e  and 

extent or r e l � a s e  o f  s olub l e  p l an t  p� 0 t e in s into the rwnen 

by c �) ::;' l e c t ing , thr ongn a f i G tul a >  the bo l i  of' ch ey/ ed 

for age a s  they f e l l  fr om t he c ard i a  int o  the rQmen . They 

found extens ive l ib e rat i on of' solub l e  cytoplasI!1i c ' pr o te in 

had resu l ted dur ing ma s t ic a t i on of the for age b y  th e cattl e . 

The r e l e a s e  of' s oluble pr o te i n  Vi a s  r ap id .en ough t o  a c c o un t  

for the e arly onse t of b l oa t . 

MaL"1gan ( 1 959)  f ound t ha t  foams genera ted in  v i tr o  

fr om b l o a t ing rumen l i qu0 r  and s olu t i ons o f  the t o t a l  

s o lub �',e l eaf pr o te ins o f'  r ed c; l ov e r , had maximum f'o am 

s tr eng til ' in the pH range 5 . 4  - 6 . 0', where a s s a:)on in s  and 

submaxi l ary muc opr o te in p r od u c ed. f o ams of maximum i'oam 

s tr eng th s  at l ower or h ighe r  pH r eng e s  re spec t ivel y .  He 

s t a t ed that t he plant pr o te in s  mus t be imp o r t ant f a c t or s 

in th e aetio l u gy  of' b l oa t .  Th i s  was sub s tcn t ia t ed b y  B Od a  
( 1 95 8 ) . 

M cAr thur e t  a1 . ( 1 964 )  i f:)o l a ted f r ol� alfalfa l e 3.ve s a 

pr o t e in f'rac t io n  w i th s tr ong foaming prope r t i e s  in the pH 
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range where bloat o cc urs . Ultracentrifugat i on ident ifi2 Q  

this fraction a s  Fract i on 1 prote in which has a sediment a­

t i on coefficient of 18 S .  He stated t hat the other alfalfa 

prot e ins were not surface denature d . 

Jone s and Lyt t leton (1969 ) showed that in t he c ase o f  

wh i t e  and r e d  clovers both Fraction 1 and t he major Fract ion 

2 proteins stabilized  viscous foams and were surface denatu-r:-e 1 

on fo aming , and therefore if " plant prot e ins  were the foaming 

agent s re sponsible f or bloat , both fracti ons would be invo lve d .  

Blo at has been report ed on Amaranthus ( Johns , 1 962) . This 

spe c i e s  cont a�ns only 1 0% of  the Fract ion 1 protein c ont ent 

o f  ths clovers . Arnaranthus spe c ie s  hp.ve a different photo­

s;yntil e t i c  p athway and this acc ount s for t he low leve l  of 

Frac t i on 1 pr8tein in t his p l ant (Hat ch and Johnson , 1 968 ) . 

St ife l  ( 1 969 ) c l aimed a diurnal vari at ion i n  the con­

cent rat ion of the chloroplastic prot e in which could be 

c orre l at e d  with maximum bloat o ccurren c e . His re sult s were 

a l so c l aimed t o  show . a significant  corre l at ion between the 

F'r a c t  lon 1 c0ntent of alfalfa chlorop l ast s , it s amino 8.cid 

c ompo .s it ion , and it s ab ility to bind d ivalent c at ions with 

t he b l o at potential oJ the forage . 

McArthur and Milt imore (1969) showe d that bloat Wa S 

not as s o c i Rt e d  wit h  pl ant s c ont aining l e s s  than 1 . 84% 

Fract ion 1 pr0t e i n dry we ight . Jones and Lyttle t on e 9 70a , 

19 70b) showed that the temperate  legume s ,not as s ocif'ted 

with bl o at . cont ained t annins whi ch pre c ip i t ated the so lub le 

prot eins  o f  the se legume s so  that the p rot e ins Were not 
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ava i l ab l e  for t'o eming . 

The a1]j;ifo amJ-,ag agen�s _�nd fO§l:.m inh ib i t ing sub s t anc e s  

a s s o c i  a t ed w i  th the bl o a t  synd.ro� . 

1 • The Plant L inid s 

J ohns ( 1 954. ) 8 t C.  t ed. tha t b l o a t  a r o s e  a s  a re sul t 

of the normal b al an c e  of an t ifoaming agent s  and. f o aming 

agen t s  in the r lli11en b e c oming up se t ,  favour ing produc t i on 

of a ,r,. sc ous f o am .  The sea rch for t h e  an t Lfo 8.ming agen t s  

pre sen t i n  the rumen led. t o  an e x amina t i on o f  the plant 

l ip id s b e c ause of the a s s o c i a t i on o f  fa t s  and vege t ab l e  

o i l s  w i th the pr e ve n t i on and cure o f  b l oa t  ( R e id and J ohn s � 

1 957 ; B l ake e t  al e 1 957 ) .  Mangan ( 1 959 ) ob served taa c 

s ed ime n t a t i on of the par t i c ul a t e  illa t c: r i al in rumen l iquor 

incr e a s ed the s tr eng th of the foams t h a t  c ould b e  

gene r a t ed in v i tr o  from the rumen l iquo r . The sed imen t 

c on t a ined b ac te r i a ,  pro t o z o a  and chl o r opl a s t i c fragme n t s  

wi th the ir a s s o c i a ted l i p id s .  Add i t i on o f  the chl o ropl a­

s t i c  f r agment s to the pr o t e in s o lu t i on s  d e c r e ased the 

f o am s trength of the fo ams tha t c o�ld b e  gene r a t ed . 

H O'Neve r , if the chl o ropl a s t i c  fr agme n t s  were defa ·� ted by 

extr a c t ing tn.em with l i p id s olven t s ,  and t he re s ul t an t  

fr agme nt s  add ed t o  pro t e in s o lut i on s  and f o amed , the 
f o ams se d e r ived were o f  h ighe r f o am s tr eng th . Th i s  w a s  

taken a s  ind i c a t ing the an t if o aming prope r t i e s  o f  the 

plan t  l ip id s .  

T�e 'Oolar l i.p id s c on s t i tute ab o u t  60% of the t o ta l  

chl or opl a s t ic l ip id s .  The se are made up of the pho spho-



l ip id s  ( pho SI)hntydyl c h o l Ine , pho sph a t;ydyl e thanol aminc � 

pho 8:;::,ha tydy l in i s i t o l , phoph a tydyl gly(;er�l )  t.he sulph o -

l ipid ,  and monc- and d i-galac to syl d iglyc e r id e  ( W e en in k ,  

1 96 1 ) .  B ailey ( 1 964 ) d id n� t f ind any c o r re l a t i o� 

b e tw e en the l evel of l :Lp id b OUTLQ suge.:, s and the b l oat 

p o t en t i a l of the forage . Bai ley �nd R u s sell ( � 9 6 6 ) 

sh owed the sulpholip id of r ed cl over to b e  an ex tr emely 

surface ac t iv0 mat e r i a l  which lowered t he surfac e 

tens i on of vla te r by 36 d yne fJ  cm-1 a t  0 . 01 3% YI ' II c onCP-il-IV J 

tra t i on .  Th 7 . .3 i s  c orr:par i ble  t o th e sur f a c e  ten3i on 
It ...... :f:! 

reduc t ion produced by some of the pluronic type d e t e r -

gents whi ch ar e very effective bloat  preventat ive L 

S + � �  1 ( 1 n ' Sb )  f d - h t th + t I l f' d h ]  v .L ... e _ _  , ::;; 0 oun 1; a . e  v O  a e a  an c . 0 :(:' 0-

plas t ic l ip id s inc r e a s ed w i th d e c r e ase in bl o a t  

po ten t i a l  o f  the forage , and his resul ts  indi ca ted a 

preferen t i al synthe s i s of chloroplastic  phosphol j.p id s in 

t h e  non -b lo a t ing fo rage . He s ug ge s ted tha t  apar t f'r om 

2.1 

the ir ant i - fo aming pr opert ie s th e ph o sph c l ipid s and fatty 

ac id s  c()uld des tabil ize pro te in t' j 1ms by compet ing :fo r the 

d ivalent cations which are ne c e s s ary :for product iC'r! of 

stable  pro t e in fo ams. 

In c ont r a s t , M i l t imo:e e  £!�1 . ( 1 970 ) sh owed tha t the 

l ip id s of alfalfa increased Vii th bloa t p o tential of the _ 

alfal:fa . 

2 .  Llant t ann jJ)s and nOl;Y:Qhenclics .  
Kend al l  ( 1 9 6 6 )  ob s erved tha t ex t r ac t s  ()f non·-

b l oa t ing l e gume s produc ed l \ � sr :f:'oam th an. extrac ts  of' 

bloat  prevoking l egume s .  H e  w a s  able to produce l a rge 

foam volume s fl�om t he se non-bloat ing fOl' ages by add ing 



t o  the l e af e x tr s.c t s  s olub l e  p ol yv inylpyrr' o l id one ( PVP) 
an age:':-l t known to c omplex t annins and phenol ic E 

( Ander s on ,  1 96 8) . H e  was al s o  ab le to d e cre a s e  the 

v olume of ?o am pr oduc ed from b l e a t ing l egrune extr a c t s  

by add i t i on o f  a c ommerc ial t ann in prepar a t i on t o  the 

extrac t s .  He p o s tul ated th at th 3 non-b l oa t i ng le gumes 

c ontained t annins wh ich i n t e r ac ted w i th the pro t � in-

buff e r  sy s tem in such a w ay as to inhib i t  f o am 

produc t i on. The na t ure of t h i s  in te rac t i on was no t 

explained , nor we re tann in s i so l a t ed from th e p l ml t s  

which he ex�ined . 

C ope e t  a 1 .  ( 1 966 )  i s ola ted fr'om I{e spede z a.  c une a t a  

a l e uc o an thocyanin polyme r which could. inh ib i t pl an t  

enzyme s and que s t i oned whe the r t h i s  c ould inhib i t  the 

pe c t in me thy l  e s terase and s o  pr event bl oa t whe n c at t l e  

are f e d  thi s p a s t ure . 

Hut; t on and C oo te ( 1 96 6 )  examined a s e r i e s  of non-

2 2  

b l o a t ing trop i c al le gume s for t ann ins . T ann ins were f ound 

only i n  the D e smod ium spe c ie s  �Ld th er e for e the ab sence of 

b lo a t  when c a t tle foraged. t h e s e  pas t ur e s  c ould n o t  b e  

explained as b e ing due t o  the pre senc e o f  tanr-ins i n  th e s e  

plant s .  

Jeffer s e t  a l .  ( 1 966 ) s howed a neg a t ive c or re la t i on 

b e twe en the polyphenol ic c on t ent of alfalfa pl an t s  and j. t s  

b l oa t  p o tenc y .  H owever , M i l t imor e  e t  a1 - ( 1 970 )  ind i � ated 

that t he re w a s  a trend f o r  th e t tannin r c onten t o f  al fa�;.fc.. 
. -

plan t s  t o  inc r ease as th e bl o a t  fre quency inc r e ased . R ed 
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pheno loxid a s e  sy s t e m  and i s  h i Gh i n  po lyph c Do l ic s .  The 

phe n o l oxid a s e  cll :z.yme c OYlv e r t G  phe n o l i c s i n t o  quinonc s 

wh ich C 3.11 inhib 1 t enz ymc :3 by int c� l' C\c t i on \'l :J. >uh t.he a c t ive 

centre s on the pI' o t e j.ll :TI? lecul e ,  y e t  th i s  sys t E::m do c s  

no t pr-event b l o a t  on red cl ov er' ( J one s and. Lyt t 1 e t on y  

From the ab o ve I i  t e r a t u r' <.;; revif-!v.' t he c omp1 ex i  ty- 0.1' 

the bl o a t  synd r ome c an  b e  apprec i a ted . Alth ou.gh the 

e v id enc e for the s olub l e p l an t  }:.lr o t e il1 s o e i ng invo lved 

is sub s t an tial ( Mangan ,  1 959 ; R ::: iel e "G al . 1 952 ; 

McAr thur and M i l  t imore , 1 964 ; Jy:cAY' thur e t  al" . 1 96 9 ;  ---... -
M i l t imore e t.  8.1 .  1 970 ; S t ifel � i 96 8 a ,  b ;  Jone s and 

Lyt tle t on ,  196 9 a , 1 970a , 1 970b ) i t  i s  unl ikely tho ."c 

b l o a t  c an b e  expl a ined s ole J.y j. n t e rm3 o f  them ,  b e c au se 

all the s ur fac t ants w il l  c ontr ib u t e , in s ome degre 3 ,  t o  

the s t r uc ture an d  na tur e  o f  tho f'i 1m.8 whi c h  mak e  up t.h e 

rumen bl o a t foam. 
�'h(:; r e s e ar'cD. in th is the s t s  i s  p ar t 5. a l J.y a imed at 

d etermin ing th e c o nd i t i ons unde r ·.·thi� h pc.: r s 1 s t en t fo ams 

ar e p-r ocluc ed 1'r om va r i ous ma. t e r i nl. s !)  arJ.d as s t ab l e  fo ams 

arc b e l ie ved t o  b e  responsible  ror b loa t ,  a review of 
the f'ac L o r s  thought t o  be inv olved in s t ab l e  fo am prod-

u e t i on is pr e s ented in the f oll owing s e c t i on. 

:P a wns --
F O BIns ar e d i sper s i on s  of' gas i n  l i qu id pha s e s t  mo s t  

01' t v e  phase b e  ing gas ,  w i  t h  1 i Q.1.:d d i n  Ud.n shee t s  c al l ed 
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l ame l l ae b e tvf 8 en the ga s bubb l e s . ':'11e fo rma t ion of' a 

fo am i s  achi eved by agi ta t ing the l iquid and gas phase s 

in th e pr e sen c e  of a s t ab i l i z ing agent . Bec ause the 

pr o c e s s e s  inv olved in s tab l e  foan: p r od uc t i on ar e very 

c omplex , e arly s tud i e s  on the na.ture of' f' i lms wr.. ich mal{e 

up the f'o am were s tud ied wit h s ingl e fi lms e i the r spre ad 

on t o  the surfa·ce of the l iqu id phase , or prod uc ed wh en 

mol e c ul e s  d if'f'uBed fr om s ol u t i ons of th e surfac t an t  to 

the a i r  water o r  oil water interface ( Chee s eman , 1 9 52 ) . 

The s urface f i lms cou ld b e  cl as s ified ro ughly in t o  tw o 

type s :  

( a ) F i lms of high sur�ac e v i sc o s i t y ,  such a s  th o se 

produced fr om s o lut ions of' pro t e ir.8 0r saponinu . 

( b ) F ilms of lovi surface ten s Lm ,  suc h a 8  tho se 

produc ed fr om s oap s ,  whi ch h ave l ow surf'ac e  v i sc o s i ty .  

( a) Fac t o r s  d e te rmining foam s t ab i I i  ty. 

F o ams c an never b e  thermodynami cally stab l e , s inc e onc e  

the l ame llae are ruptur ed , the y mus t bre ak int o  d r o p s  

wi th a l ower surf'ace f r e e  energy , and th erefor e a 

d e c r e a sed to t al f'ree en e r gy for ih e sy s tem (D av i � s  and 

R id e al 1 961 ) . A l though f oams rr om pure l iq�id s and ga s e s  

are h � ghly uns t ab le , su i t ab l e s'�rface ac t i  v a  agent s can 

s t ab ilize a f oam almo s t  inl efin i tely. The f ol l owing 

s e c t i on d i scu s s e s  some of the f'ac t o r s  wh i ch govern the 

per s i s tenc e of' foams . 

1 .  The r a t e  of drainage 

Thi s  i s. the rate at which l i quid d T' a ins from a foam 

who se l a.mel l ae are no t b r e ak ing. I t  i s  the s e t t l ing out of' 
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surp lus wat e r  from the fo am . As elrainage oc curs l t he 

thickne s s  o f  the l iqu id l ame l l ae a e cre ase . I f  t he 
o 

l ame l l ae are t hinne d t o  about 50 A � mo J . e c u l ar for c e s  

c an c ause rupture . The re fore dEy fact cr whi ch \vi l l  de l ay 

the t hinn ing of l a ne l l ae , should iLcre a sc the pe r s i s t -

e n c e  o f  t he fo am . Incr e a s �ng the vi s c o s i t y  of the bulk 

s o lut ion or o f  the s ur fa c e  f i lm wil l  have this e ffect 

( s e c t i on 5 . 3  p .  1 61 ) .  
2 .  Diffu s ion acro s s  the l iqu i d  lame l l ae . 

In a f o am there wi l l  be a t e nde ncy for the s�&ll 

pubb l e s  t o  de cre ase in s i ze and the l arge bubb l 8 s t o  

incre a s e  i n  s i ze . This transfer 0':' g a s  i s  c au s e d  by t he 

e xc e s s  pre s sure ins ide the smal l  bubbl e s over the l arge 

ne ighb ouring bubb le s .  The me chA.ni sm o f  t rans fe r i s  by 

�i s s o lu t i on in ��d diffu s i o n  t hrough the l iQui d  l am e l lae . 

By de c re as ing the p erme ab i l i ty o f  ' the surface l ining , by 

s u c h  me ans as increas ing it s vi s c o s ity , gre at e r  persi s t -

e n c e  o f  t h e  fo am wi l l  o c cur . 

3 .  The t hi ckne s s  o f  t he e l e c t r i c al d o ub l e  l a;y:er .  

I f  a film lis s b e t vve en two charge el mono l aye r s  , it 

may re s i s t  furthe r t hinning b e c ause furthe r re�oval of 

l l quid �culd bring t he charged surface s  c l o ser t og e t her , 

whi ch wou ld s et up a high osmo t i c  pr6 s sure in t he l amE' 1 1 3.E' 

by 3. c c umu l at ing m any c ount e r i 0n s . rr'he ene rgy barrie r 

s e t  up t o  l o c al thinning is often suffic ierit t o  s t ab i l i z e  

t he foam against appre c iab le sho cks . 

4 .  Surface v i sc o s i ty dnd crit i c al Xie ld stre s s . 

A mon o layer offers vi s c ou s  re s i s t an c e  to she ar 
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stre s s  i :.:1  the pl ane of t h e  surfac e , i n  a manne r c omp arable 

with liqulds which are r e t arded in flow by viscous force s .  

In addition t o  reduc ing drainage rat e , surface vis c o s ity 

c an c ushion the thin l i qu i d  fi lms agai nst shocks . The 

hi ghe st foa'll stab i l ity i s  asso c i ated with high surface  

vi s c o sity ( Brown , 1 9 53) � For prote in stab i l i zed foams , 

foam s t ab il i t i e s  and surface vi s c o s ity p as s  through a maxi­

mum at t he s ame pH , indi c at ing that the me chanic al propert i e s 

o f  surface films are o f  c onsiderable i�p ort ance in determ in-

ing foam s t ab i l ity . The cri t ical yie ld stre s s  me asur 8 d  as I 
the non-Newt onian component o f  surface vi s c o s ity} i s  the 

stre s s  re quired to c ause  flow of tbe monol ayer . The g�e at e r  

thi s value the more rigid wi ll be the film and the gre ate r  

wi l l  be the force required c o  bre ak the f i lm . Prote ins and 

s ap onins give films of high critical yiel d stre s s  ( Davi e s  

and Rideal , 1 961 ) . 

5 .  ThB restoring prope rt ie s o f  surface t ension . 

I f  a shock sudde nly extend s a local are a  o f  t he l ame l lae , 

a surface pre s sure gradi ent from the re st of the f i lm t o  t he 

t h inned are a . wi l l  o c cur , and the monolaye r tend s  t o  spre ad 

back into the extended regi on . The monol ayer t ake s with it 

a l ayer o f  water and ' so opp o s e s  the thinning that o c curred 

(Marangoni , 1 871 ; Gibb s , 1 878 ) . High surface vi s c o s ity wi l l  

de l ay the transport o f  water 't>ack t o  t he thinne d. region and 

t hus surface tens ion and su�face vis c o s ity opp o se e ac� othe r . 

A s imple t e st to show whi ch e ffect is  oJ!erating , c OIls i s t s  o f  

dropp ing smal l solid  pro j e ct i l e s  through the foam . I .t a hole 

i s  le ft behind , only vi s c o sity is  import ant s ince vis c o s ity Can 



only r e t ard mo t j. vn and no t reverse  :i. t s  eft'ec t (D avi eG  
and H id e al , 1 96 1 ) . Excellen t rev i ew s  on the t op i c s of 

foam s t ab i l i ty are g iven by D e  Vr ie s  ( 1 958 ,  'j •• 5 ) , 

B i kel'man ( 1 953 ) ; D av i e � and Rideal ( � 9 61 ) . 
( b )  T:)r o tein F oa:T1S 

--- - , .. �'". 

Jhany pr o t e in moleculp. s ,  on d i ffl'� 'J i ng t o the a il�/ 

l iquid inte rfac e ,  bec ome i n s o lub l e  in th e l i qu id .  Thi �. 

pr OC l' ': 3  i s  t e rmed sur face d ena tura t i on , and oc cur s aG  a 

resul t of D. change in the thr- e e  d imens i onal s truc ture 

of the pr o t e in ,  the mol e c ul e unfold ing as the forces  

hcld. ing the molecule in a c ompac t globular form g ive w ay 

t o  tho se c ausing s pr eed i ng in the surface ( D av ie s ,  1 9 53 ) . 
Cumper and A lexande r ( 1 950 ) postul ated tha t the 

pr o c e s s e s involved in the produc t i on of pr o t e in fi lms 

occu�ed in three stages :  

( 1 )  The d iffus i on of the molecul e s  t o  the surface . 

( 2 ) The unfold ing o r  d ena tur a t i on of the molecule s a t  

the surface .  

( 3 ) C oa.gula tion of 'the denatured pr o te in and i t s  

sub seCj,uent removal fr om the surface film. 

Insoluble pr o te in f o ams may be r egard ed as c ont a ini:lg 

f:!.lma made up of a coagulum, b8low which i s  a comple tely 

unfolde ::. prote in film at the in t e rfac e  8l1d und erly ing 

layers  of pr o t e in in var i ous degre e s of unfold ing o 

The se author s ob served tha t  such pro te in films shO\�T 

visc o - ' e .l . i s t i c prope r t i e  s ( (jumper and. Alexander  1 950 , 1 951 ) .  

T!: e p r o t e in f i lms they s tud i ed had a max imum s ur f a c e  

v i sc o s i ty at pH value s c l ose to th e iso-ele c tric  points 
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of' the pro te �ns . H igh ionic s t!,ength and h i C.l:1 temperature 

d ecre ased surfac e visc osi ty a s  a re sul t of' increas ing th e  

r ate o f  coagulat i on o f  the denatured pro t e in .  

The plant pr o t e ins produc e rigid , ' solid ' foams 

( Mangan , 1 959 ; Jone s and Lyt tle ton ,  1 969a ;  Laby , 1 970 ) 

and undoub te1ly surface vi s c o s i ty i s  an imp o r t ant fa c t or 

r e spons ibl e  for the i r  mechanical propert ie s .  



The �dm or the pre sent resear��-illYe st igation 

Al though many sUDs tanc;e s  have been su gge sted as the 

c ause or bl o a t ( Chapter 1 ,  Sec t ion 1 or th i s  t�e s i s ) , very 

rew stud ie s  have b e en mad e  on the f' -: '":.ms der ived rrom them. 

Th e maj or i ty or the sub s t anc e s  have b e en sugge s ted be c ause 

they pr oduc e v i s c ous aque ous s o lu t i ons . The ma j o r  r e s e arch 

on ro am par ame t e r s  or roams d e r ived rrom surfac tants l i ke ly 

to be invclvEd in b l o a t  w a s  carried out by Mangan (1 959 ) , 

L aby ( 1 970) , and Jone s and Lyttle ton ( 1 969) . B ef'ore 

b ehav i o ur of a mixed sys tem such as is found in the b l o a t ing 

foam c a n  b e  und e r s t o od :  the n ature o� the foam charac t e r ­

i s t i c s  o r  the ma in foaming agen ts n e e d  t o  be ful ly mve s t i­

gated . 

The v o lume of evidenc e sugge s t ing solub l e  l e af pro t e in 

t o  b e  the main surfac tan t  r esp ons ib le for the b lo a t  foam i s  

s o  sub s t an t ial ( Se c t i on 1 ,  Chapte r 1 ) ,  th at a c l o ser s tudy 

of the c o nd �. t ions nece s s ar y  for the produc t i on of s t ab l e  

fo ams f r om b o th frac t i on s  o f  the s o lub l e  l e af pro t e in s  was 

warran t ed . The ob j e c t ive s of thi s the o i s  w e re therefore to 

define the c ond i t i on s  for and the charac ter i s t i c s  of s t ab l e  

pl an t  pr o t e i:1- f'o ams , to d e te rmine the effe c t  wh i ch o the r 

surfac t an t s of' plan t  and an imal sourc. e s  have 011 the s e  f'oams , 

and i f  p os s ib l e  t o  c Ol're l a t e  the se f' ind i ng s  w i  th tho s e  

der ived f'rom the s tu.dy o f  f'oams produced f'rom b lo aty rumen 
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l i quo r .  The spe c ific ob jec t ive s of thi s  r e se arch were a s  

follow s :  

( a) To e s tablish the cond i t i ons nec e s s ary for th e 

produc t ion of s t able f'oanls from the so luble l eaf 

pro te in frac t i ons . 

( b ) To examine the f'oam proper ties of the salivary 

secre t i ons and the hol o trich pro tozo al prote ins . 

( c ) To examine the interac ti c:: of o the r  surfac t ant s ,  

that have been impl icated in the bloat syndr ome , 

wi th Frac t i on 1 pro te in by studying the nature 

of the foams generated from the mixed systems . 

C d) To examine the foam prope r t ie s  of rumen liquor , 

and to attempt to isolate from i t  the main • 
surfac tants r e sp ons ibl e f'or f oam pr oduc t i on.  

( e ) To explain the r easons fOP . the d ifferent bloat 

potent i al of d i fferent legume forage specie s .  

30 
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SEC TION,.g 

EXPER.IMENTAL METHOD S AND RESULT§ 



CHAPTER 1 

EXPER�MENTAL METHODS' 

1 . 1 Analyt i c al Me th od s 

1 . 1  ( a )  Pro te in Analys e s  

1 • D e termina t i on of solub l e  pr c t e in n i t r ogen 

Equal vo lume s  o f  pro t e in s o lu t i on and 1 0% 

t r i chlorac e t i c  ac id ( TCA) wer e  mixed in glas s cen tri -

fuge tub e s ,  allowed to st and a t  O OC for 20 minu t e s  and 

centr ifuged a t  1 6 , OOOg for 20 minutes t o  c ol l e c t  the 

pre c ip i t a t ed pro t e in. Sal ivary pro t e in s  were 

pre c ip i t a t ed by add i t i on of' ab solv. ce e thano l to a 

c oncen tr a t i on of 80% e thano l .  

The pre c ip i t ated pro te in w as washed .tw ice by 

re suspens i on in 5% T.CA or 80% e thanol for plant pro te ins 

and sal ivary pro te in s  respe c t ive ly , fol l owe1 by cen tr i­

fugat ion. After draining , the pro te in pe lle t was 

d ig e s ted w i th 0 . 4  m1 of c oncentra ted sulphuric ac id 

c ont aining 1 00g of po tass ium sulphat e  and 1 9  of 

s elenium per l i tre of ac id " The pro t e in was d ige s t ed 

un t i l  the s o lut ion became c l e a r , and then made up t o  

5 ml w i th d i s t i lled water . The c oncentr a t i on of 

32 
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aIP..moni.Et in t!lis  ::;·o lut ion Vias de t e rm ined u s j.ng e i tner 

the C onw ay ( 1 9)-1·7 ) me thod 01" the phenol hyp o c; ) l o r i t e  

method us ing 8. Tcclu1.i chon au t o analyse r .  

( i )  Aq}.'yl8Jn�_B..ql el c c tl:C;p'horesi� .  
Soluble  pro teins were examined "N i th acryl-

runide ge l ele c  trol)horesis  in the thin slE'.b gel sys terr. 

of R e id and B ie l e sk i  ( 1 968 ) . The e lectrophore s is 

buffer vIas f'.. v . 1 M  Tri s/0 . 1 M  glyc ine solut ion. of pH 8 � 5 �  

T o  prepare the ge l ,  1 5  ml o �  the elec trophore si s 

buf.'l'er ful.U 1 5  illl o f  a 1 5% acrylamide Rol'J. t :i cn c ontainip �s 
* 

0 . 3% b is-acrylamide , Y{E;re mixed and. d eaer' a  t ed to remove 
* 

d i ssolved ox�rger:.. 0 . 3 ml of a 1 0% Y;;v Temed solution :IDd 

0 . 3 ml of 1 0% aqueous �monium per sul phti t e  were addea 

and the mixtur'e poured into the gel mould and overl Hye re:l 

Vii th water .. 

Pro tein samples were made 1 0% in Gucrose and 

layered i�to the gel po cke t s w i th a pre c i s ion micro syringe 

Electr'ophore sis w a s  carri;3d out as de scr ib ed by Re i::l Bnrl 

B iele ski ( 1 968 ) . 

Prot e ins were located ).n the g e l s  after clec trophoI" ·· 

e sis with the following s tains: 
* 

1 .  C oumassie b lue . 'The gel was s t a �"ned t"or 1 5  minute s 

in a 0 . 25% solution �v of coumassie  blue in water/ 

me thanol/ace t ic ac ia , 68/2 5/, v/v/v. A f t e r  s t utning , 

the exce ss dye w a s  re!!\ )vdd from the gel by 
. , 

s e e  app e ndix 



d e s t a i n ing in thre e 30 minute washe s cf 1 00 ml 

of the s �me s o lvent , and then overnight in 1 l itre 

of the s o lvent . 

2 .  Amido b lack* . Ge ls we:ce s taine d in a 0 . 0 5% 

so luti on of Amido bl ack in me thano l/acetic ac id/ 

water 5/1 /5 v/v/v for 30 m inute s . Ge l s  were 

de s tained by succe s s ive washing s of the g e l  agains t  

the staining s o lvent unt i l  the b ackground o f  the 

g8 1 was c o l o urle s s . 

3 .  Pro c i on blue * . Ge l s  were staine d with a 0 . 5�bW/V 

s o luti on of Procion b lue YlRS in water/ac e t i c  ac id/ 

methano l 5/1 /5 and d e stained against running 

wate r  until the background co10ur had fade d .  

For qu alitative work Coumas s ie b lue was the only 

dye use d  be c ause it was approx imate ly f ive t ime s as s ens i-

t ive as the other dye s . The ge l s  were e ither photographed 

or s c anne d on a microdens i tome ter *  to give a re c ord o f  

the prote i n separat ion . 

The re lation betwe e n  intens itY , of staining ��d the 

amount of Fraction 1 app l i e d  t o  the ge l in 25mm3 of s olu-

tion , was de termine d for the thre e prote i n  stains . 

Coumas s i e  b l'.le wa.s approxiDate ly five time s as s e n s i t ive 

a pr0te i n  as Am.ido b lack , whi c h  was more sens itive tha..."'1. 

pro c i on b lue . 

Ge l s  c ont aining 1 ,  2 ,  4 ,  6 ,  8 and 1 0 ;  5 ,  1 0 , 20 , 30 , 

40 , and 50 ; and 50 , 1 00 ,  1 50 ,  1 75 ,  200 and 225 pg of 

Fracti o n  1 prote in in 25m.m3 cf. s o lut ';' on were s tainec_ with 

* se 8 appendix 



e ach of t he t hr e e  st ains , and the int e ns i ty of s t e. ining was 

me asu:!: � d  &s che are a u'1.der the curve on a Joyce Loe b l  

mi c r o d 8n s it ome t er � . 

Coumas s i e  b lue st ained Fract i 0 n  1 pr o t e i n  qu ant i -

t at i ve ly i n  the r ange up t o  6 pg , Amido b l ack showed a 

l ine ar re l at i on b e t we en int ens ity o f  s t aining and omount 

o f  prot e in up t o  50 )1g and Pro c i on b lue up to 200 pg pro t e in . 

Al l analys e s  we re c arried out in dup l ic at e . 

( i i )  Analyt i c al u l t r a centri fuga t i on . 

Ma cromo l e cu l e s  can be charac t e r i z e d  hy the ir s e d i ­

me nt at ion rat.e in the ultracent r i fuge . A c c ord ingly , 

s o lut ions o f  prot e i n  mo l e cu l e s  we re examine d in a Be ckm an 

, Mode l E analyt i c al ultracent r i f1lge us ing schl i eren opt i c s  

( Be ckman ILstrument s manual ) . 

The analyt i c al ultracentr'ifuge was c alibrat e d  f or 

d e t e rmining Fract ion 1 pro t e i n  as fo l l ows . 

Solut i on s  o f  b ovine s e rum a lbum in ( Sigma Fract i on V) 
' ,. c ont aining 5 and 10 mg of prot e in per ml of s o lut i o n , 

wer e  p l ace d i n  a synthet i c  boundary ce l l  and centr� f��e d 

'at 1 5 , 220 r . p . m .  in a Be ckman Mode l E centrifuge . Af t e r  

d i f fusion of the ini t i ally sharp bound ary betwe en the 

s o l ut iUJl and t he R o lvent � phot o gr aphs were t aken of the 

s chli eren p r o f i l e  o f  the prot e in c onc entrat ion bound.ary , at 

b ar angle s  of 70° and 800 • 

From the s e  phot ographs the are as und e r  the s c h l i eren 

p e aks were d e t e rmine d . The concentrat i on of pr ot e in in ' 

the s o lut i o n  produc ing �he b oundary i s  re lat e d  t o  t he a�e a 
, under the � c h l ieren profi le by t he e qu a t i on : 

c = k . A . t an8 
E2 

s e e  appendix 
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whor e  C - . c0ncentr a t ion of' pro t e iL in s o l ut ion 

k := a c ons tan t  definsd by the o p t j. c al sy stem 

of the ul t r aoentr i fuge 

A ::: me a sured are a  under the schl i e r en pe ak 

G - the b ar angle of' the phase pl a t e  

E -' the l ine ar magn i f i c a t i on of the pho tograph 

d.
o 

::: the " r ad i al . po s i t ion of the sed imen ta t i on 

b ound ary at t iIne t = 0 

dx -. the r ad ial po s i t i on of the sed lmenta t i on 

b oundary a t  t ime t = :;:: 

In the e 9.se of' the synthe t i c  b ound ary c e ll a t 1 0V7 sprc: ec. s !  

when no sed iment a t i on i s  occur .ing , d
o 

i s  e qual t o  dx " The 

e qua t ion reduce s  t o 

c - A . k. tan e 
E

2 

k c an b e  de te nllined from th p. grad ient of the graph of 

aga in s t  c .  For the ins trument used in thi s 

-1 -2 , 
r e s e arch, k was e Q.ual t o 1 2  .. 6 mg ml em , when un i t. s  of 

C are mg ml-1 and th e uni ts of' A are cm-2
• 

The analytical  ul tracentr ifuge , having �een cal ib�a ted , 

was used. t o  e stimate Frac t i on 1 pro t e in in leaf pro t.:- in 

p reparat ions where i t s  c onc en �rat i on wa s a t  le as t 5 mg 

-1 ml • 

. Sample s  were c entr if'uged a t  52 , 840 r . p . m. unt i l  the 

F r � c t ion 1 pro te in had sed imented cle ar of the Fra � t i on ? 

pI'o te ins . Pho t ographs o f'  the schl ieren profile were 

t aken at b ar angle s  o f' 700 and 80 c) , and the areas were 
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me a sure d . rrhe are a s  W8 i-"e c o rre cted for d i lut i on o f  

the pr o t e i n due t o  s ed iment at i on , and by sUb s t it ut ion 

into the e qu at i o n  re l at ing are a to c onc ent rat i on of 

p�o t e in , the Frac t i on 1 pr ot e i n  c o ncentrat ion was 

d e t e rmine d . An alys e s we re c ar r i e d  out in dup l i c a t e . 

3 .  De t e rm i nat i o n o f  Fra c t j o n 2 pr9t e ins 

Frac t i on 2 prot e in s , b e c au s e  of t he ir he t e r o ge ne ity , 

cou l d  no t be d e t e rmine d. by e it he r  of t he me thod s u s e d  

for me asur i ng t he c on c e nt J:' at i on o f  Fra ct ion 1 pro t e in .  

They we re there fore d e t e rmine d us ing e it he r  t he B iuret 

method ( C o l nwi ck and Kap l an � 1 9 55) CJ ' as prot e i n  nitro gen 

( 1 . 1  ( a ) ) . Analyse s were c arri e d  out in dup l i c at e . 

4 .  Am i no ac id analYs e s . 

Pro t e �n s amp l e s  c ont aining b e t we e n  5 and 1 0  mg o f  

pro t e in were hydrolysed in @� _pydro chl o ri c  acid i n  s e ale d 

tub e s at 1 1 00 0 for 24 hours . The hydro lys at e  was f i l t e r e d , 

evap orat e d  t o  dryne s s  und e r  nitrogen and t aken up in 5 m l  

o f  a pH 2 . 2  c it r a t e  buffe r . A s amp l e  ( 0 . 2  ml ) o f  t h i s  

s o lu t i o n  was analys ed for amino acid comp o s it i on o r  a 

Be ckman *  1 20C amino ac id ana J.yser . The procedure and 

st and ardi s in g  of t he app aratu s are de s cribed in t he Be ckmBu.'1 

a m i no ac id analys e r  handb o ok * . 

1 . 1  ( b )  Carb ohydra t e  ana lyse s · 

1 .  rot al hexo se 

Thi s  wa s d e t e rmine o_ by the ant hrone me thod ( Dr e ywood , 

1 946 ) . The anthrone re age·nt was added t o  1 ml o f  

s amp le i n  gl a s s  tub e s  in a wat er bath a t  1 -20C .  Air 

c ond e n s e r s  �e re at t a c h e d  to the tub e s ,  which we re he at e d  

* . s e e  appe ndix 



j U  

t o  1 00°C for 7 � inut e s . Aft er c o o l ing and all owing t o  

st and for 20 minut e s , the colour ab sorpt i on at 625 nm 

was me asured . Gluc ose ( analar grade ) d i s sol ve d  in gl ass 

distilled wat er was used as a s t andard . Analys e s  were 

c arried o ut in dupl i c ate . 

2 .  Pe ct in 

Pe ctin was me asured by the carbazole method of 

Dische ( 1 927) . The s ample ( 1  ml)  was pipetted int o a 

glass tube and 6 ml o f  conc.ent r ated sulphuri c  ac i d  adde d  

t o  t �le s amp l e  at 1 -2oC .  A i r  condensers were fit t e d  t o  

the tub e s  whi ch were he at ed t o  1 00°C for 20 minut e s .  

The tube s were r ap idly cooled by immers ing them in i ce ,  

the c arb a z o l e  re agent ( 0 . 2  m l )  added ) and after all owing 

t o  st and in R dark room for 3 hours , the colour ab s orp ­

t ion at 530 nm was me asure d. .  Glucuronic acid or gal ae­

turonic acid d i s s o lved in gl a s s  di st�l le d  wat e r  were u s e d  

a s  st andard s . Analyses  were c arrie d out i n  dup l ic at e . 

3 .  �i a l i c  a c i d  in sal ivary se cret ions 

Thi s  wa� de t e rm ined b� t he re sorc inal me thod 

( Svennerho lm , 1 956) . S ample s ( 2  ml ) were he at e d  with 

re s orcin o l  reage nt ( 2  ml)  in glass  tub e s  in a b o i l j .ng 

wat er bath for 1 5  minut e s . The tubes  were c o o l e d  and 

5 illl o f  i s o-amyl alc oho l was adde d to the tube s which 

were shaken vigorou s ly and 8110wed to st and ir ... i ce for 

10 minut e s . Aft e r  centrifugat ion , the alcohol l ayer was 

trans fe rre d to cuvet t e s  and the abs orbancy at 580 nm 

me asured � Analyses  were carrie d out in dup l ic a"c e . 

4 .  Fre e s i al i c  ac i d  

Fte e s i al i c  ac id l iberat ed o n  inCUb at i on o f  s al ivary 

se cret i ons with neuraminida s e , was determined by th8 rr..ethoJ 
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o f  "":Warren ( 1 959) . T o  0 . 2  ml of s ampl e  was added 0 . 1  m]  

o f  s odium p e r i o dat e solution and the mixture al l owe d  t o  

st and for 20 rr:inute s .  Ar senit e re agent ( 0 . 2  m l )  was 

add e d  and the mixt ure shaken unt i l  the ye l l ow c o l our 

had di s app e are d .  Thiob arb iturat e  s o lu1; 2..on ( 3 ml ) v;as 

adde d  to th e mixture , whi ch was then he at ed in a bG i l ing 

wat e r  b at h  for 20 minut e s . The tub e s  and c ont ent s were 

c o o l ed , 4 . 3  �l of cyc l ohexanone added and thoroughly 

shaken . Aft er cent r i f.ugat i on , the organ i c  l aye r was 

t r ans ferred t o  cuve t t e s  and t he ab s orb ancy me asured at 

550 l1L1 . S i a i i c  a c i d  d i s s o l ve d  in dis t i l l e d  wat e r  was 
, I 

u s e d  as a st andard . Analys e s  we re c �r r i e d  out in dup l i -

c at e . 

5 .  St arch 

St arch content of rumen liqu or and rumen f o am 

fract i ons wa s de t e rmine d  by the spe c i f i c ' Agidex ' e nzyme 

me thod o f  MacRae and Armst r o ng ( 1 968) . This enzyme 

hynro lyse d  s t arch t o  gluc o s e , which was t hen d e t e rmined 

by tile gluc o s e  oxidase me thod (Marks , 1 9 59 )  or by t he 

method o f  Somogy i  ( 1 945) . An alyse s  we re c arr i e d  out in 

dup l i c at e . 

6 .  Hydro lys i s  o f  c arbohydr ate and chromat ography o f  

the sugar§. . 

1 00 mg o f fre e z e· dri e d. rumen fluid or fract i o Y' s  

c 9) .. l e c t e d  from rumen foams .; , was hydro lys ed wit h 72% 

sulphuri c  ac id f o r  4 - hO'lrs · at room t empe rat ure ( Bai l ey , 

1 9S7) . Aft er neutral i s ing this mixture wit h  b ar ium 

carbonat e ,  the s o lut i on was c onc entra :; e"d and sub j e c t e d  

t o  pap e r  chromat o graphy (\.'latman No . 1 pap e r )  u s ing '2 t hy-l 

ac e t at e /wat er/pyr idine , 2/2/1 , v/v/v ( Ba i l ey and Pridham , 



1 962)  a 3  t he deve loping so lvent . Sugars we re l o c at e d  

by spraying t he chroma t ogram with an ani l ine phosphat e 

spr ay ( Howard , 1 9 57) . 

1 . 1 ( c )  De t e rm i nat i o n  of c al c ium 

1 .  Total  s o lub le cal c ium was dete rmi ne d by at omic 

ab s orpt ion s p e c trome t ry _ Samp l e s  were we t ashed with 

4·0 

a n itric a� i i/hydro chl oric a c i d  mixture , and the dige st 

m ade up in 2M hydrochloric a c i d  cont aining 0 . 65 g of  

c ae s ium chloride pe::- 1 00 mI . Dilutions were made s o  

that the leve l of cal cium i n  t he final s o lu t i ons was 

5-20 p .p . m .  Calcium was me asured on t he s e solut ions 

bJ- at omic ab s orpt ion spectrorr:etry using a T e chtron* AAL+ 

instrument . Glass distilled wat e r  w&s u s e d  t o  ill�ke up 

all  s o lut i on s u s e d  in thi s me t ho d . St and ard s were prep ar e d  

as de scribe d  in the Te chtron manual * . 

2 .  Cal c ium bound t o  macromo l e cule s in rumen f luids 

w e r e  measured as fol l ows : 

Rumen fluids were centri fuged at 1 6 , 000 g for 30 

minut e s  t o  remove plant f'ragrr.ent s and rumen micro flora . 

5 ml of  this solution was pipet ted int o a Diaflo *  

' ce nt iflo ' membrane Cl..nd c one assembly . This membrane i s  

r e p orted t o  hold back all mo le cule s of  mol e cular weight 

over 50 , 000 . The s ample  and cone as s e mb ly wer e  centrifu ged 

at  3 , �OO g for 30 minut e s . The origi�al s ample and the 

s o ] ution that had pas sed through the Membrane VJe re ana lys e d  

for c alcium using t he method de scribed ab ove . The differ­

ence in the amount of c alcium in the ori�inal s a�p le and the 

s ample tha t  p a s sed t hrough t he Di aflo membran e  was a me asure 

see appendix 



of the amount o f  bound c al cium i n  solut i on . 

1 . 1 C d )  Det e rminat ion of l ipids 

1 .  Total l ipids 

4' 1  

Tot al lip ids in rumen l iquor and foam fract ions wer e  

me asured a s  a d-::-y we ight "percent age . The s ample ( 200 mg) 

was e xtracted. int o 10 1111 of chloroform/me chano l , 2/1 viv o 

The mixture was filtered and the solid. re -extracted wit h  

another 1 0  m l  of solvent . The extract s were c ombined and." 

shaken with 4 ml of a 0 . 73% pot as s ium ohloride s o lut i on 

( Fo lch , 1 957) , and the chloroform layer c o l lected , drie d 

in a rot ary evaporator and wei ghe d .  This preparat i on YJaS 

called t otal l ipid . 

2 .  Thin layer chromat ogr8�y 

Thin l ayer chromat ography of lipids was perfoTmed on 

p l at e s  coat e d  with s i l i c a  ge l G , 2 50 pm t h i (;k . S i l i c a  ge l 

G *  was s lurried with twice it s volume o f  dist i l l e d  wat e r  

and spre ad o n  the plat e s  u sing a Shandon Unoplan*  thin 

layer spre ader . The plat e s  were dried at 1 1 0°C for 2 

nours before us e .  

Sample s ( 25 mm3 ) o f  the l ipid mixture in chloroform 

were applied  t o  the p l at e s  by me ans" of  app l i c ators simi l ar 

t o  those d e scribed by Roughan ( 1 967) . For polar l ip id s , 

the developing solvent was chloro form/me thanol/ace tiG acid/ 

wat er ,  85/1 5/ 1 0/3 , v/v/v/v . 

Neutral l ipids were separated with pe troleum et he r  

( b o i l ing p o int 570 - 59°C ) , diethyl ether , wat e r  mixture s .  

Lipids were local i s e d  on the " plat e s  e ither by 

* see appendix 
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spr aying w i th a 0 � 2% w/v solut ion of 2 i 7 ' d ichloroflo­

re sce in in e thanol &nd exam inat i on of the p l a te s under 

ul tra-viole t l ight or spraying the pla tes w i th concentrated 

sulphuI' ic a c id and he a t ing of the plate s to 1 300C for 30 

minut e s .  

PREPARATIVE METHODS 

1 . 2  ( a) The i sola t i on and frac t ionation of the s o lub l e  le a:f 

l2.t'o t e  ins . 

P.-ro te ins are normally ex trac �ed fr om plant l e ave s 

by d isrup t ing the t i s sue into buf:fer by gr inding , bl ending , 

o r  she ar ing , fo llowed by fi l tra t i on and c en tr i:fugat i on t o  

remove the insoluble plant mater ial . While many plant s 

y i e ld a clear solut i on wh ich is  pale ye l l ow ,  some plants 

such as r<::d clover give an intensely d ark brown solut i on .  

Pro te in precipi t ated from such extrac t s  i s  similarly dark 

brown. in colour , and i s  fre quently d if ficul t to red i s solve . 

Thi s  Qark colour i s  believed to be the conse quence or 

a tmo spheric  oxidat icn , catalysed by the enzyme phenoloxid ase , 

of the solub l e  polyphenol ic c onst i tuents of the l e af cel l s .  

Thi s  le ad s  to  compound s wi th quinone- type s truc ture s ,  which 

form complexes w i th pro te in s ,  mod ifying the ir pigmentation ,  

eIlzymic properties  and so lub i l i  ties.  

In isolating the s oluble plan t pro t e ins for s tudy in 

thi s the sis , i t  was hoped t o  prevent th i s  mod ification of: 
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the i r  proper t ie s ,  ana pre l iminary exper imen t s  were carr ied 

out to t e s t  me thod s by which thi s mj.gh t be ach ieved � 

1 .  Pr e l iminary inve s t iga t. i on s to ob tain le af' pr ote ins 

fre e  of uo lYEheno l i c  oxidati on prod uc t s .  

Thre e me thod s we re (;xamined , the leaf s ou r' c e  be ing 

red cl over , Tr ifol ium pratense L .  

( i ) Alcoh�l ex tr ac t i on of' le ave s w il l  remove the 

pheno li� sub s trate and pr ecipi tate the so luble pr o te i n. 

Fre sh r ed c lover leaves ( 20 g) were macera ted into 80 m1 

of' ice  cold ab solute e th anol  in a War ing b lender' .  The 

macerate �as transferred t o  a baske t centr if'uge and washed 

w i th c old e thanol ( O
o

e ) unt il the e thanol wash was free 

of' chlorophyll .  The washed mac erate was e x tr ac ted over­

night w i th 1 00 ml of' phospha te buffer ,  i on i c  s trength , I ,  

0 . 1  and pH 7 . 5 and d i alysed aga inst th i s  buffer to remove 

e thanol .  The extract was  c entrif'uged at 1 6 , 000 g f'or 30 

minutes and the supernate  exam ined for s o lub l e  pro t e in by 

acrylamid e ge l e lectrophore s i s  and. by de t erminati on of' 

pr o te in ni trogen. 20 g of red cl over leave s were a l so 

extrac ted by b l end ing direc tl y  into  40 ml · of phospha te 

buffer , centrifuged a t  1 6 , 000 g for 30 minutes t o  s ec. imer.t 

l e af fragme nt s ,  and the supern ate made up to 1 00 m1 with 

more buffe r .  Thi s  so lu t i on provided a contr ol extrac t .  

The s olution ob t ained b y  the e thanol extrac t i on was 

col ourle s s  and had an opt ical densi ty rat i o  280 nrn/260 nm 

of 1 . 6 ,  wh�reas tDe c ontrol so lut i on ·wa s  d ark brown in 

colour and had an opt ical densi ty ratio of 1 . 2 .  The l evel 



o f'  s o lub l e  pro t e jn (J e te rmine d by the l::Jr ct e in n i  trogen 

me thcd incl t c a ted th a t  only L+O% of' th e s o lub l e pr o t e in of' 

the c on t r ol had h e e n  ex tr a c t ed by the e thanol ex tr ac t io n 

pr o c edur e .  A cryl amide gel e le c tropho r e s i s  showed th at 

none c1' the Frac t j. on 1 ?r o t e in had b e 8n e x tr ac ted i n  th i s  

pr o c edur e . 

( i 1 ) Acl s orpti on of .:Rhe no l.t c s  on P_o);ycl_2;.r AT. 

,' ,o orn i s  al1d Ba t ai ll e ( 1 96 6 )  u s ed in s o lub le polyv inyl 
* 

pyrr o l id cne , Po ly c lar AT ( G eneral An i li ne C ompany) , to 

ad s orb pl 8.nt i:>h eno l j. c s and tann in s  d ur ing the extrac ti on 

of' pl an t enzyme s ,  and s o  r en:ove the s ub s tr a te of' th e 

y,h eno l ox id a se sys ·c em. Tho se auth o r s  groul1..fl. toge th e r  e a u Cll 

we i gh t s  0:2 l e af' t :L s sue and Folyc l ar AI'. A l th ough th i s  

pr o c ed.m� e i s  su i t able f' or the extrac ti on of' small quan t it ie s  

o f'  l e af' ,  i t  wa s impr ac t i c ab l e  t o  apply th i s  pro c edure to 

th e l arge scald prepara t i on of leaf pr ot e ins . The rr o c edure 

w a s  th erefore mod i f i e d  as fo l low s : 

Poly c l ar A T  w a s  pur i f i ed 8 S  d e scr ibed by Lo omi s and 
B a taille ( 1 96 6) , and e qu i l ibr'a ted f'or 2 L�. hours w i t h  

6 rrt. WI pho sph a  te huf'f'el' , I 0 . 1 pH � 5 ,  cont a in ing 0 <> 1 /0 IV a s e o r -
I 

b a  te and 1 0  · ·i..I-M me l'cap t f) e  th anal . The fine s we re removed by 

r epe a t ed :.nix ing of the buff'e ... � and p o lyclal' ,  allowing it. to 

s e t tle 1' (: _" a f'ew minute.s and d e c an t in g  off' the sup e rna te 

c o n t a ining the f ine s . The P olyclar was s lurried w i th mo re 

buf'f'e r and poured into a gla s s  chromatography c o lu:'!'.rl. ( 2 . 5  
Cw x 1 6  C1TJ) . 

2 0  g of r ed clo ver l e a'/ : : s  we re ex t rac t ed into pho spha t e  

buf'f'e r ,  I 0 . 1  pH 7 . 0 ,  c on t a in ing 0 . 1 %  WI sod i um a s c o rb a t e . 
IV 

* see  appendix 
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The insoluble  lea� rragments were sed iillented a t  1 6 , 000 g 

ror 30 minute s and the supe rna te made up to  50 ml wi th 

phosphate buffer I ,  0 . 1  pH 6 . 5 . This solution ( 2  ml) was 

anF.l.lysed ror pro tein n i trogen and. the remainder was appl ied 

to the Polyclar column. The errluen t rrom the co l�m 

was moni tored at 280 nm and the efflue� t containing 

pro te in collec ted; Phenolics we re ab sorbed as a narroW 

brown band at  the top or the co lurrn. The p�o te in soluti o!! 

was made up to 1 00 ml and 4 ml analysed ro r protein 

ni  trogen. The solut i on was pale yellow and. showed n o  s ign 

of' d arkening vvhen s tored at 50C fo r 5 days .  The yield of: 

pro te in was the same as tha t  in the c on tr ol extrac t .  

( i i i) Inhibi�iQn o f:  the J2henoloxidc.se enzyme han been 

repor ted when s trong c opper chelat ing agent s are added t o  

preparat i ons o r  phenolox idase ( Kab ow i tz , 1 937 ; Slack,  1 96 6 ;  

Anderson, 1 968 ) .  S od ium die thyld i th i ocarb amate , SDDC , has 

b een repor ted to give 1 00% inhib it i on at a concentrat i on o f  

1 0-4M . SDDC is  water s olubl e  and easily incorporated in to 

the extr ac t i on burf'er and it s erfe c "G ivene ss  as a preventative 

of' phenolic oxidat i on and sub se quent int erac t i on w i  1;h solub le 

l e af' prote in was examined.  

20 g sample s of' red clover leave s were extrac ted in t o  

2 0  mJ. o r  pho sphate burrer ,  I ,  0 . 1  pn 7 . 5 ,  c ontaining SDDC · 

at c oncen trati ons 0 ,  1 0-5 , 1 0-4 and � 0-3M. The mace rate s  

we re transrerred w i th ano ther 2 0  ml o r  b u� fcr into  c entri-

f'uge tubes , and the l ear rragment s  sed imented at 1 6 , 000 g 

f'or  30 minute s .  The superna te s were made �p to 5 0  ml and 



'-to .) 
s t u r e d  at 5°C . Each extrac� ( 2  ml ) was analysed for 

prot e in nitrogen . 

The yi e ld o f  protein nitrogen was 1 00% o f  the control 

. ll  extract for all extracts . The 1 0-5M DDDC ext ract s had 

-4 d arkene d considerably within 24 hours , the 1 0 M SDDC were 

pale brown aft er 2/+ hours and d ark brown aft e r  48 hours , 

1 
- ?J . where as the . 0 � �  SDDC extract s remained p ale ye l l ow for 

at le ast 7 d ay:::: . 

Of the thre e methods exam ined , the SDDC at 1 0-3M" 

concentrat ion and the Polyc l ar AT ext ract i ons were 

e ffect ive in prevent ing interact i un of t he phenol oxi­

dat ion syst em and the solub le re d clove l' prote ins during 

the ir extraction . Be c rul s e  SDDC was readily incorporat e d  

int o the extract i on huff8 r , i t  �a2 more convenient t o  u se 

than the Polye l ar AT co lumns . 

2 .  Fract i onat ion of the so l uble leaf prot e ins 

Although le af prote ins c ont ain a l arge numbe r  o f  

different c l as se s  of  protein , in t his work a study was 

made of t he two maj or classe s , dist inguishab l e  by . 

difference in s i ze and s e diment o.t ion rate , viz . Fract i on 1 

and Fract i on 2 prot eins . 

Pre l iminary experiment s were there fore carried out 

t o  det e rmj ne m0 �hods of i s ol at ing Fraction 1 prote in in a 

re as onably pure form ( �  90% p�re ) , �ld as a consequence 

Fra ct ior .. 2 coul d  be obt aine d from the re maining s o lut ion 

from \;hich :F'ract ion 1 had beer removed . 

For the s e  experiment s ,  a c l e ar leaf prote in s o lut i on 



w a s  ob t a ined by p r e c ip i t a t ing t o t al pr o t e in from a l e af 

e x  "G r n c  t wi. th 6 CI;& ( Yj'v )  am1l 0n i.UI:: 3ulphate , cl aI' i fy i E g  th e 

r e d j. 8 s 0 1ved pr o t e in , and pa. s 3 1n g  the solu.t i on through a 
• 

c olur.m of G75  Seplwdex t o  remove 10VI mole cular w'e i gh t  

c on t aminan t c .  

The e f'£,l uen t w a s  c o l l e c ted on an Llill frac t i on 

c o l l e c tor , and moni tor ed f o r  uy ab sorb ing ma t e r l a l  a t  
� 

2 54 ni11 us ing an LIrn Uvicord app a r at us . A typical uy 
moni tor of the elution profile from ,!;he G75 c olUITL'1 i s  

sh own in F i g . 1 ( 2 . 1 ) . B iure t  d e t e rminati ons o f  the 

frac t i ont-; arr; sh own i n  th e same r igu:re . 

The t o t al pro t e in was col18c ted and fr ac t i on a t ed e s  

fo llows : 

( i ) §al�e c ip i t a t i on 

The t o tal pro te in s olu ti on w a s  made 1 0% \�y in 

ammon iUITl su lphate , and the pre c ip i tate  d i s c a rded . 1�e 

supe rna t€; was '  made 24% v'yy in ammonium sulpha t e , al 1 0w eC'. 

t o  s t and. for 1 hour a t  SoC illld t...lJ.e pre c ip i  t ate
' 

c ol le c ted 

by cen tr ifuga t i on.  Th i s  fr ac t i on contained 90% of the 

t o ta l  Frac t i on 1 pro t e in to ge the r w i th 1 0-25% cf the 

Frac.: tion 2 prote in .  The F r nc t -i..on 2 prot e ins were i so l a ted 

from th e remaining s uperna te b�Y' inc re a s in g the amrnonilml 

s ulpha te conc0ntrati on from 24-60% �v ' and co l le c t ing th e  

prec ipi tate . 

The pr e c i p i t a t e s were d i s solved in the min imum volu.ITl'9 

o f  pho sphate buffer , I O � 1 , pH 7 . 5  c on t a ining 1 0-i..t'M 

merC alJ �oc thanol , and d i alyzed agains t thi s buff'er to 

remove the ammonium sulpha t e .. 

s e e  app e nd i x  
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Pho togr aphs are or the acrylamide gel e le c trophoretic  analysi s 

of the prote ins e luted from the column. 



S inge r and W i ldman ( 1 9 5 2 )  t o  i s o l a t e  F r ac t i o n  1 pr c t e in 

from tob ac c o le ave s .  Th e s e au tho r s  c en t r i f uged th e ir 

pr o � 3 in ex t l' ac t s  A. t  L,.0 5 00 0  g :fo r 3 ho ur' s y d u r i n g  wh i ch 

t ime th e F rac � i on 1 pro t e in had s ed imented a s  a �el l e t 

t o  the b o t t om o r.  the ccntl' i i'uge tub e .  T}'le li' r ac ti on 2 

pr ote5.l1s w' e r e  d i s tr ib u ted through o u t  the s o l ut i on ab ove 

. th e pel le t .  

The pr ote ins  tha t had be en pr e c i p i t a t e d  in the 1 0-24% 

amrnon ium sulph a t e  fr ac t i on we r e  red i s s o lved in pho spha t e  

buf�e :!� , and c entr i fuged a t  2 0 0 y OOO g f o r  90-1 2 0  minu t e s  
* * 

in e i  ther a B e ckm8.n 1,--6 5 o r  a S p i n c o  L-50 p r e p c r a  t :i.VO 

ul t r ac en tr j fug e .  F o ll ov: ing ul t r ac e n t r ifuga t i on ,  the 

con ten t s  of: th e c en tr i f uge tub e s  VIere fr a c t i ona ted as 

f'o ll ow s �  

( a ) The pe ll e t  wh i ch h sd sed in1en ted. a t  the b o t t om of 

the tub e . Th i s  w a s  e x t� a c ted i n t o  pho spha t e  

buf'fer . 

( 0 )  ':'�e y i s c ous l i quid ab o v e  tho pell e t . 

( c ) The s o lut i on ab o�:' e th e vi s c o u s  l i quid . 

The se :f� ac t i ons we re ex� ined b y  analyt i c al u l t r a c en tr i ­

f·ug c... t i on am a crylamid e ge l e l e c trophore s i s .  F r a c t i o n s  ( D.) 
and (b) c on t a i necl more than 95% F r'ac; ti on 1 pr u t e in whe re a s  

Fr ac ti on (� c on t � ined ma inly Frac t j. on 2 pr o te in s . A s  f ound 

by C ohen e t  al . ( 1 9 56 ) , the F r a c t i on 1 pro te in pe l l e t  

red i s s o l  ved e a s i l y  only if t he rb e r. o l oxi d a s e  enzyme had 

b een :�.nhib i ted (l ur ing the e x t r a c t i on and s epar a t i on of the 

l e af pr o te in s .  

see app end ix 
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( i i i )  !:'lo l e cu l ar s ieve chromat of,.l'aphy has b e e n  the m o st 

commo n  � e chni que used t o  i s o le t e pure Fract ion 1 prot e in 

from a variety of  p l ant extr act s .  Thus Pon ( 1 967) , Moon 

and Thomp sor. ( 1 968) , i s o l at e d  pure Frac t i o n  1 pro t e i n  

from spinach l e av e s ;  Mendio l a  and Aka z awa ( 1 964) i s o l at e d  

Frac t ion 1 pro t e in from rice  l e ave s using Sephade x  G 200 

as t he mo le cular s ieve mat e r i al . Wi l s on and Macal l a  

( 1 96 7 )  i s o l at ed pure Fract i on 1 prot e in from spiha�h , 

pe a and b e an le ave s  and chiore lia by ch+omato graphy on 

Sepharose  4B* , an agarose  matrix , fo l l owe d by chromat o -

graphy o f  t he Fra c t i on 1 prot e in on Sephadex * G  200 . 

The prot e ins that had b e e n  prec ipit at e d  by ammonium 
. .  w su lphate at c oncentrat i ons in the range 1 0  - 24% Iv 

( se e  s e ct i on 2 ( i )  on page 47) , were further frac t i onar e d  

o n  c o lumns o f  Sephadex G 200 , ( 1 00, cm b y  5 cm) . Fract ions 

we re c o l l e c t e d  on a fract i on c o l le ctor and ultra-vio l e t  

. .  q.b s o rb i ng mat erial monit ored a t  2 54 nm using the LKB 

: ' Uvicorc. ' at t achrr.ent * . Fract ions were examine d for 

Fr act i on 1 p�ot e in by acryl amide ge l e le ct roph o re s i s . 

Fract i on 'j prot e in VTas e lut e d  in the first p e ak from t he 

c o lumn . Fract ion 2 p·ro t e ins  were e lut e d  over the region 

extending from the r e ar e dge of the f�rst pe ak through t o  

t h e  ad-v8.!lc ing edge o f  t h e  s e c ond p e ak .  

The s e  experiment s sho�ed that prep arat ive ultra-

c e nt rifugati on as a me ans of  i s olat i on Fract i on 2 a s  we l l  

a s  Fract ion 1 prot e ins had s everal advant age s over t he use  

of  Sephade x G 200 chromat ograp4y . The s e  were : 

1 �  The centrifugat i on procedure t 0 6k much l e � �  t ime 

t han the molecular s ieve ch� ow Rtogr�phy ( 4  hours as 

* see  appendix 
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opp o s eJ t o  1 2  hour s ) o 
2 ..  ]? r ac t j  Oi L  1 pr o t e  i n  w a s  c OIlc entr'u t ed 8Il d 1" '[' a(: -0 :L on 

2 pr o t e ins were at the ir o r ig inal c onc en t r a t i on when 

prepar a t ive ul t r ac en tr i fug a t i on w a s  uscd 1 whe re a s  b o t h  

fr ac t i ons w e r e  d i l ut ed , i �  par t i cu l ar F ra c t i o n  2 pr o t e bl S ,  

and ho.c.l t o  b e  c oncentr8 t e d  '-vhcn S cphad ':, ;� G 2 00 ,va s ueed 

as the f � a c t i ona t t on pro c edure . 

3 ,  Wher e a s  prepar a t ive c en tr if'ug � t i oIl c annot 

t o t al ly s e paj,"> u t e  the tVlo i'r ac t i oll s in a s irlGl e s tep , 

the c ontalnil1ati on o r  Frac ti on 2 w a s  reduced t o  5% , a 

sati sfac tory low l e v e l  for thi n wo rk • 

.12ro t e :!:'p',.� of .\';h i t e  and rq1 cl Gv�!:§. . 

The e�tr'act i�'Q;_'puffer V!D. 8  a d i s od ium hyd ro gen pho spha t e , 

s od :i um o ihy<.l r o gen pho spha te mi xed buf:fer , I =' 0 . 1 , pH 7 . 5 

c ontaining 1 0' -3M snne to inhib i t  the phenol ox id a se , 0 . 1 % 

s od ium a s c o rb a t e  t o  red u c e  any n a t ur al l y  occuring quinone s ,  

and mer c ap t o e than u l  a t  a concen tration of 1 x 1 0-� to s t ab i-

l i z e  the F rac t i on 1 pr o t e in. 

Whi t e  o r  r ed clover l e ave s ( 1  l-:g )  were 

harve s t ed f.c (J:TI pur e  s t and s in tile f i e ld .  The l e ave s w ere 

infused w i th ex trac t i on buffe r by in�ersing the l e ave s in 3 

I i  t r e s of' e x t r ac t i on b uffer s, t 4°0 in a 1 9 rge d e s s i c a t or whi ch I 

then e'lacu ah:d . Buff e r  infused i't '. to the l e ave s vlhen the 

c o n  ten t : 1  \:"c r e  b r o ugh t to a tmo syhe r ic pr e s sur e .  

wa G 



The l e a v e s ( 1 00-1 50 g lots )  were c ru�hed in t o 50 ml 

of e x t r ac t i on buffer in a s t &i nl e n s s te e l  d i s int3grator 

( Pi r ie , 1 956 ) , \vh i ch had b e en preco olecl t o  1-1-°C .  A 

fur' the r 50 ml of buffer v,ras  added t o  the c ru shed le ave s 

and t;.le slurry clar ified th rough 3�1IM* 1' i1 ter paper in a 

b a ske t c en tr ifuge . The filtrate s were centrifuged ei the r 

a t  75 1 000 g for 1 b our or at 45 } 000 g :('01" 2 hour s ,  and 

the pJ..-ote in prec i.p i ta t ed fpom the reslll t j  . .ng supe rna t an t 

l i quor by ad d ing ammonium sul ph 8. t e  t o  60% ��v. After 

s t and ing f o r  1 hour a t  OoC ,  the pre c ip i t ated pro te in was 

c o l l e c ted b y  c en t r i fug ing at 1 6 , 000 g fo r 1 0  minut e s .  

'l'he c ol :!. e c t ecl pre c ip i  tatrs  were sus pe�1.ded. in the 

minimum \'"oJ.Ulf!e of buffer required to transfer the 

pro te in to a d i alys i s  bag , and d i a lysed aga inst 

ex trac t i on buffer un t i l  the pr o te in had red issolved . 

The pr o te in s olut i on w a s  cen t r ifuged ct 1 05 , 000 g for 

20 min'lte s to  I'emove any r em8.ining chl or oplast  fragmen t s  

and o.pplied for chromatography to a S ephadex G 7 5  c olu.mn 

(60 x 10)crn v/hich had ll een e quil ibrated w i t h  ex t r ac t io n . 

buffe r .  

Th e frac t i ons c onta in ihg pr o t e in eluted from tho 

S ephe.dex c olum..Yl were coll e c ted and ammon ium sulphate  

dd d t r:rt w/ a e o 1 0In /v. Af t e r  al l owing tc stand at SoC for  

1 hour the prote i �  sol ution was c e nt r ifuged at 1 6 , 000 g 

for 1 0  minut e s and the sup e rn a t�n t  m�ae 24% 'v i n  

ammonium 3u2.phB t a .  The pr' o t e in Ylas c ollec ted by c en tr i ­

fU Ja � ion. Thi s  fraction c ml t ained 90% of th e to t al 

* s e e  appendix 



Fract ion 1 protein and about 1 0-25% o f  t he Fract ion 2 

prot e ins . 

The sUDernate was t hen ID8.de 60% 
wi v in ammonium 

� . 
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sulphate , and the remai ning prote in colle cted by centri­

fugat ion . This fract ion c on� ained 75-90% o f  the Frac t i on 

2 prote ins and le s s  than 5% of the iract i on 1 pro t e in . 

Both frac t i ons were t re ated separately and dissolve d in 

50 ml of extracti on buffer • . . The s oluti ons were dialyse d  

against 1 2  litre s o f  1 0-1M s odium ace t at e  buffer cont ail1-

ing 1 0-L�1,i mer�apto e thanol . The prot e in s o lut ion high in 

Fract ion 1 prut ein was cent ri fuged at 200 , 000 g for 2 

hours . The pellet and vi s c ouH liquid l ayer at the bot t om 

o f  the c.entrifuge tube were separated from the remainder 

. o f  the liquid . . The pe llet  and vi scous l iqutd , whi ch c on­

t ained approximate l y  9 5% pure Fracti on 1 prote in ,  were 

· q ombined and dialysed against 2 x 1 2  l itres  of 0 . 1  M sodium 

.. . ace t ate bu ffer , cont aining /! 0-4M IDercapt o ethano l , t o  

�edissolve the prot e in pe l l et , and the Fraction 1 c ontent . 

o f  the s olut i on determined by an alyt i c a l  ultraCentrifuga­

t ion . Two ml aliquots were pipetted int o glass  vi als and 

s t ored at -70°C . 
The Fract ion 2 prot e ins ( 24-60% ammonium sulphate  

fract ion plus the remaining liquor frolll t he ul tracent r i ­

fugat ion of  t he Fract ion 1 prot e in preparation ) wer€ 

dialysed  and st ore d  in the s ame manner as for Fraction � 

protein . The prote in c ont ent of thi s  s o lution was Ce t e r­

mined by the 1 iuret using Sigma ( Sigma Chemicals ) 



frac t i on :2 bovine s e r um  al "bumen as the protein standard . 

F ig .  1 ( 2 .  2 )  shows a ty�ical Frac t i onat ion of the 

soluble le af prote ins of wh ite  clover.  

1 . 2 ( b ) Preparat ion of sal ivary secre t i ons .  

1 • Sal ivary mucQ£rotein was isolated as de scribed by 

Lyttle ton ( 1 964) . Sal i�Ta was collec ted from the mouth of 

a non-l�ctating cow feeding on red cl over hay. The 

colle c t ing device (Reid ,  unpub l i shed ) consi sted of a 

perforated copper tube which fit ted under the tongue and 

round the lower j aw of the an imal . On applica t i on of 

gentle suc t i on from a water pump , sal iva was c ollec ted 

into  an i ce-cooled buchner fl ask. 
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The sal iva was di luted \vi th one ten th of' i t s  Volul11e 

of phosphate buffer ,  1 , 0 . 2 ,  pH 6 . 0 ,  and heated to  700e 

for 1 0  minute s in a water b a th. The saliva was centri­

fuged at  1 6 , 000 g for 30  minute s and the sup ernatant 

liquor collected . This  was cooled to oOe and an equa l 

volume of 1 %  c e tyl �imethyl ammonium bromide in water at  

oOe added .  The mixture was st irred vigourously for a few 

minutes when a bulky fibrous pre c ipi tate formed whi ch 

contrac ted into a clo t on s tand ing fcr . a few minute s .  

The c l o t  was w i  tldrawn on a glass rod ) and washed at oOe 

in 80% e thanol/20% 0 . 1  M s od ium ace t ate and finally in 

80% e thanol .  The prote in pe lle t  was stored at -700e in 

80% e thanol .  When required the pr otein was dissolved 

by d i alysis  against 1 M sod ium chloride , followed by 

d ialysiS against 0 . 1  M sod ium ace tate . The solution wa� 
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F IG. 1 .  

( 2 .  2 )  

THE FRACTI ONATION OF SOLUBLE LEAF PR OTEINS OF 

WHI TE CLOVER 

Pho t ographs show the ul tracentr ifugation analyses of the 

t o tal pro te ins and frac tions . 

( a) Total le af pr o teins 

( b) 1 0-24% ammoniumsulphate frac tion 

5 5  

( c ) Purified Frac tion 1 pro tein ( preparat ive cen trifugati on )  

( d ) Pur ified Frac tion 2 pro t e ins 
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c larified by c eEtri f1.lgat ion at 1 05 ) 000 g for 20 minut e s . 

The solution was analys e d for s i al i c ac id content and 

prot e in nitro gen ( Analyt i c a l  Me thod s ) .  Analyt ica l ult r a­

centrifugat ion of  t hi s  m a t e r i 3.1 sbo·,'.ie d a s ingle hype.:-sbarp 

boundary , using s chlieren opti cs . This material w&s 

termed salivary mucoprotein and was b e l ie ved t o  originat e  

from the sublliaxillary and subl ingual gl ar.ds (Phi l l ipscJIJ 

alld Mangan , ' 1 959 ) . 
2 .  Oe sophage al mu c in was col lected. e ither as t he fre e 

flowing s e cre t i on from an oesophage al fi stula , with a 

\vater·-fl lled  b al l oon inserted t hrough t he fistula dovm 

the oesophagus , t o  act as a st imul�s , o r  after emptying 

the rumen , t�e b al l o on was pas s e d U �  the c ardia int o �h9 

oeso:nhagus and the muc in ccllected  by gentle suct i on 

(Re id , unpubl i shed) . 

The muc in c o l l e cted in t he se ways was a visc ous 

material showing the phenomenon of spinb arke it ( Burne t , 

1 9 51 ) , and was dispersed in one quarter of its o riginal 

volume of phosphate buffer , and he ated to  700C f6r 1 0  

minut e s . Att empt s t o  purify this material wi th the 

procedure used  for mucoprote in failed b e c ause · i t  was 

impossible  t o  redisperse the pre c ipit ated  mucin in a 

variety of buffers . 

Examinat i on o f  this material in the analyt i ca� 

u ltracent r ifuge reve ale d that it did not cont ain det e ct­

able  amount s of t he s al ivary mucoprote in i s o l at �d from 

the mouth se cretion . A very high mol e cular wei ght 

mat- eri a l  was ob served to sedimeEt rA..:pidly ·, and al s o  a 

l ow mole cular polydisperse frRct ion was observed . 
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Analysis  by acryl amio.e gel elec trophore s i s  shewed the muc in 

sample s to c ontain several low molecular we ight prote ins 

and a l arge molecular we igh t  component wh ich d id no t stain 

for pro tA in wi th C oumassie  blue , but did stain for 

c �rcohydrate with the Schif? stain ( B odman , 1 957 ) ind icating 

the high molecular we ight c omponen t t o  be  carbohydrate in 

nature . 

S i al i� ac id level s in these preparati ons did not d iffer  

greatly :from one preparati on to  an o ther , whe reas the pr otein 

n i trogen determined on the se sample s var i ed by as much as 

200% in d iff�rent preparat i ons.  

1 . 2 ( c ) �tozoal pro te ins 

Protozoa were isol ated from non-l ac tating rumen 

f i stulated c ows fed on red cl over hay ,  the rumen l iquor 

be ing taken pr ior to fe ed ing the an imal s .  

To 2 l i tres of rumen l iquor  a t  3700 ,  0 . 3  g of 

gluc ose was added . The pro tozoa were al l owed to feed 

on the gluco se and s e t tle to the b o t tom of the flask . 

A s  much as po ssible of the rumen l i quor was wi thdrawn 

by suct i on ,  with out d i s turbing the protozoa. 

The pro tozoa and rema.ining rume n l i quor were 

poured into a separat ing flask and mixed wi th 500 ml 

of pro tozoa wash soluti on ( Clarke and Hungate , 1 96 6 ) . 

After allow ing the pro tozoa to se t tl e ; they we re 

Gep arated into ano the r  separat ing flask to ge ther wi th 

a further 500 ml of wash soluti on .  The procedure was 

repeated Ullt i l  the pro tozoa we re free  of plant fragment s , 



and th en th ey w e r e  c ol lec ted by c ent r � �ug a t i o n .  

The c on ten t s  of the h o l o t r j ch pro t o z o a \: e r ' 8  ob tained 

by rapid f're e z inE and thawing of a Sl1S1)en s i on of 

pro t o z o a  in pho sph a t e  b uffer I 0 . 2 ,  pH 7 . 5 c on t ai n ing 

1 0-411 mercap toe th an ol , and grip.d ing in a tefl on/g] a s s  

h omogeni s e I' .  The su spens ion was c l a r i f i ed b y  c cn t r i -

fug a t i on a t  78 , 000 g for 30  m:inute s , al1.a the pro t e in 

w a s  prec ipj. t ated fr om the supe rnatant by mak ing i t  60% 
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w/ /v in amncn ium sulpb a te .  The precipi tate wa s tr ansfe r r ed , 

in the m1nirrJUID volume of a 0 . 1 M s od ium ace tate oo lut ion 

�on t a in ing 1 0-4M merc aptoe thanol to a he avy walled 

d i a�y s i s  tub e , and d i alysed agains t 3 x 1 0  l i tre s or 

0.1 mol/l itre s od i um  acet a t e solu t i on c on t aining � O-4M 

mercap t oetb anol . Pr o t e in n l  tr ogen w a s  o. c te rmined on thi s 

so lut i on s  wh ich was stored in 2 ml al iquots  a t  -700e . 

1 . 2  ( d ) The i sol ati on and frac t i on a t i on of th e polar  :'_ iJ2j.d s  

of r ed clover- . 

1 .  �8.c t i on 0 1'_ t o t al I j.pid s of red clover ( Tr i f'ol iUI!?-

J2ro.ten�u. ) was performed as d e s cr ib ed by Roughan ( 1 96 8 ) . 

Red clover leave s ( 2 kg) Vlere c olle c ted. from a pure s t and 

in 'ch e fie ld .  Sampl e s  ( 200 g) 'v)er e ex tr ac ted ::n the cold 

Vii th 1 0  volumes o f  me thanol/ch:-L or'oform,  7/3 , v/v , in a 

Waring blendor and filtered . Th e r-e s idue was re-extrac ted 

w i th 5 volume s of chlo roform a..�d aga in r i1. te red o The 

f i l  trate s riere · comb ined and sh ake n wi t h  one fif th of th·eir 

volume of a 0.73% aque ous sod ium chloride  solutt on.  The 

mix tu�e was left overnight for the phases to se t �le , and 



t.he ehl or- of'orm l c::ye r colle c ted and e V Dp or a t.ed t o  d ryne s s  

unde � n i t r ogAn . Th i s  to t al l ip id re s i du e  wa B d i s s olve� 

in ch l o r of'orrn/me �hanol 9/1 'IT/v � 

5 9  

D E A E c e l �ul o se r e s i n  a s  d e s c � ib ed b y  R ou s e r  e t  al . ( 1 9 6 3 ) . 

D E A E cellu l o se ( 2 00 g )  was pur ified a s  d e s c r ibed by 

R ouser ( 1 963) , by succes sive \vash:i.ng 01' the ce llulose v: i t h  

1 N h;yd r ochl or i c  o. c id ,  w a t e r  and 1 N sod ium hyd 110xid e .  1. t 

was th en \78. shed w i  th me than ol and a i r  dr i ed . The c e l lul o G e  

w a s  d i sper sed into ac e t ic ac id in an h omogeni s e r , and 

p oured in to Fl. c olunm ( 6  .. 6 X LI·C cm) � After packing ur..d. e r  

a n 1  t r ogen pre s s ur e of 5 p .  s .  i � the colllilID was wa shed 

wi th ace t i c  ac id ,  th en me thanol to r emove al l th a ace t i c 

ac id , and f inally chl orofo rm/me thanc l , 9/1 ,vivo 

The l ipid mixture ( e quival en t  t o  2 50 g of fre sh \1e ight 

le af')  w a s  2.ppl i ed to the top of the column , end -DY 

suc c e s s ive e lu tj. on w i th three solvent mix t ur e s  were 

frac t i onat ed into thr e e  main cla sse s .  

1 .  Elut i on Y/i th chl o rofo rrrv'.1.:e thanol ,9/1 , v/" e l ut ed 

the chl oroph�yl l  p j.grnent s ,  neutr al l ip j d s ,  monogal ac t o 3yl-

d i glyc.er ide s ,  and s ome pho spha ty-dyl chol ine . 

2 .  Elut i on with chl o r uferm/me thanol , 7/3, v/v 

e l uted the d igalac t o syl d i glyc e r j rle s ,  pho spha tyd yl 

chol ine , and pho spha tyd;�i"l e thanol amine t oge the r wi th 

s ome p igmen t mate r i a l .  The c olUJ..'"'1Il was e luted wi th 

me thanol Y/h i ::h removed s ome non l i p id p i gmen t s .  

7 � .  Elut i on wi th chlor· )furrn/me thanol , 4/1 v/v , 

c ontaining 0 . 05 1.1 aIT'Jl1on ium ace tate and 20 ml of c oncen-

* s e e . appendix 



t r a ted ammonium hyd roxide per l ;i. t re of s olverL ot , e l'? ted 

the a c in i c  l ipid s pho sphatydyl glycerol , pho spha tydyl 

in i s i t ol ,  and the sUlpho l i p id . 

The c olt!Il1Il was r egene rated b y  washing the colunm w i t h  

glac ial ace t i c ac id . 

3 . §epar a t i on of the l ipid s 

E ach o f  the frac t i on s  from th e D E A E c o lumn was 

fur ther r e s olved into indi v idua l  c l a s s e s  of l ipid by 

s i l i c i c  ac id chr oma t ography , a s  d e s c r ibed by R ouser 

e t  al e ( 1 967) . 

S il i c i c  ac id , wa s tran sf'errea. in chl or oform t o  a 

gl a s s  chr omat ogr aphy column , 2 . 5 cm in d i ame t e r ,  and 

f i l l ed t o  a he igh t of 20  cm. E ach frac t i on from the 

D E A E columIl , afte r c oncen t r a t i on and d i s s olut i on in 

60 

chl o r oform, wa s s ub j e c ted t o  s i l i c i c  ac id chroma t o gr aphy 

e lut ing the l ip id s  ',v i th the f o l l owing solvent s in the 

ord e r : 

1 chl or o f o rm 

2 chl oroforrnVace t one , 8/1 ) V/V 

3 chl orofo rrnVRce t one , 1 /1)  v/v 

4 ac e t on e  

5 me thanol 

The f ir s t  frac ti on fr om th e D E A E separa t i on was 

frac t i onat ed int o  ( a ) p igrr:en t s  ( chl oroform) ; ( b ) neutral 

l ip id s  ( chloroform) ; ( c ) n e u tral l ipid ( chl orofo rm( 
a c e t on e , 8/1 v/v) ; ( d ) mon og al a c to syl d iglyc e r i d e  

J 
( chl o rof'ormVa c e tone , 1/1 v/v) ; and ( e ) pho spha tydyl 



chol ine ( me thanol ) .  
The second frar.tion from the D E A E column was 

separated on s i l i c i c  ac id into ( a) p i gmen ts  ( chloroform; 

chlor oform/ac e t one , 8/1) v/y ;  chlorororm/ace t one , 1 /1) v/v ) ; 
( b )  digal ac to syl d i glycerides ( ace tone ) ; ( c ) phosphatydyl 

chol ine and phosphatydyl e thanolamine ( me thanol ) .  

The third frac tj. on from the D E A E column was 

separai.vd in t o  ( a ) p igment s  ( chloroform;  chloroform/ 

ace tone , 8/1 and 1 /1 ) ;  ( b ) sulphol ipid ( acetone) ; 

( c ) phosphatydyl glyc erol and pho sphatydyl ini si tol 

( me thanol ) • 

A flow d i agra� of the lipid separat i on i s  shown in 

Fig. 1 ( 2 .  5 ) . 

1 . 2 ( e ) I sol a t i on of the pro te in prec ipi tat ing agent s 

( tan.'1.ins) from La tus ped uncul a tus C av.  

The pro t e in precipi tant s of Lotus pedunculatus C ay .  

were i s olated from f inely ground freeze-dried le ave s 

using the procedure adopted by Feeny and. Bos tock ( 1 968 ) , 

f or the quan t i  t at ·i. ve me asurement of tannins from oak 

leave s ( �u�rcus ro�ur L . ) .  

50 g of freeze dried leave s were extrac ted with 500 

ml of ace tone/water 70/30 v/v and fi l tered . The plant 

residue wa s  re-extracted wi th a �ur ther 500 ml of the 

ace tone/water solvent and fil t ered . The c ombined 

t'iltrates 'v;rere sa·vurated with s od ium chloride , and the 

ace tone and aqueous layers separated .  
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R ed clover lrave s ( 2  kg ) 

macerate  in to chloroform me thanol , 7/3 v/v 

�'-- l 

extracJG  
int o  

chlor oform 

residue f il tra te ( a ) 

wash wi th 0. 73% potass ium chl oride 

� 1-- -1.-----. aque ous l ayer 

I. 
d is c ard 

chloroform l ayer 
l ip:i..dfi  

r e s idue 
d iscard 

't' V 
fil tr ate ( b )  
c omb ine with 
fil tra t e  ( a ) 

chl oroform/me thanol )  
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b. neutral lip id s  
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c .  neutral l ipid s  
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e .  PC ( CH30H ) 

b. DGD ( CH3COCH3) b. SL ( CH3COCH3) 

FIG.  1 
( 2. 5 )  

,ERACTIONA'l'ION OF 'IRE FOLAR LIPID S  OF RED CLOVER 

( TRIFOLIUM PM TENSE L. ) 
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'1'0 th e 8.c e t o?:1 e l a:ye r � 2 volmne s. o f'  e th sxJ ol a:15. 1 5  volUlTB S 

o f  anhydr o us d i e thyl e ther \v e r e  added , and the pr ec ip i t at e  

o f  sod i um chlo r id e  and tannins wh i ch f o rmed w a s  col l e c ted 

by � en tr i fugat i on.  Th e pr e c ip i t a te w a s  dialysed a g a i ns t 

d i s ti lled wat0r ( 1 0  l i tre s ) and t he d i �ly sed s o l u t I on 

f r e e z e  d r :�ed . 

The solid s o  ob t a ined was a l ight brcwn f'l uffy s ol j.d 

wh ich Vias c ompl e te l y  s o lub l e  ir� 1 0% aque ous a c e t on e .  

Two d imens i on al pap e r  chromatography us ing th e e lut i on 

solv en t  butanol/ace t i c  aC id/w a t e r ,  60/1 5/25 v/v/v fo l lowed 

by 0lut i on wi th 2% ac e t i c ac id and s� r ay ing t he ch roma t o ­

granl w i  th fe r r i c  chl or ide/p o t 8 s s ium f p, r r i c�Tan i d e  r e ae;er..t 

r e veal ed only one c ompunent wh i ch had no t removed f r om the 

or igin tho u gh showi ng s ome s t r e ak ing with ac e t ic a c id 

so lven t . 

Th i s  rna t e r ial gave an ins t an t Dne o '.' s red c ol our a t i on 

when spr ayed wi th a van i l l in/hyd r o chl o r:i. c  acid re agen t , 

ind i c a  t ing i t  t o  b e  a . cond ens ed t annin . Copiou s pr e c ip i �­
t a t e s wer� produced whe n th i s  ma t e r i al was add ed t o  

fJ olut i on s  of B olub l e  pr ot e i n s .  



( a)  

�e thods of  Studying f o am s  

'1.'he me a sureme nt o f  pr otJi in f O aID. J2 .. 8.T' nrn e t e rs 
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Two sys tems we re u s e d  t o  e xam ine t he n ature o f  

prot e in fo a m s  i n  th e wo rk d e s c:r:- ib e d  in thiB t he s i. s . The 

t emp e r at ure vms c on t r o l l e d  by imme r s ing t h e  r e sp e ct ive 

app ar at u s  in a wat e r  b ath thermo s t at i c al ly c ontru l l e d  

t o  ± · 0 . 1%.  
1 .  The mod i f ie d  M anr;an apparatus . The original 

M angan app ar atu s was de s igne d to s tudy prop ert i e s which 

he b e l i eve d w e r e  re l eva nt t o  surf a c e :-v i s c ou s  fo ams . The 

most u s e ful me a sure ment wa s t e rm e d  ' fo am s t rength ' ,  

whi ch he c o n s i d e r e d t o  g ive a me a sur e of t he ab i l ity o f  

the f o am t o  r e s i s t  me chan i c al rup t ure . M angan exam i n e d 

t o t a l  red clove r prot e in f o ams w� th t h i s  app arat u s  

(Mangan , 1 9 58 ; 1 959 ) . 

Be c au s e  t he vo lume s o f  prot e in s o lu t i on u s e d  in 

. .  t h i s  app arat u s  V18 r e  l arge ( 1 00 m l  p e r  mea sureme nt ) , t he 

s i z e  o f  the app ar atu s  was redu c e d  s o  t hat t he vo lume o f  

_ _  � o l ut i o n  u s e d  p e r  d e t e rminat i on was · only 1 0  mI . 

The app ar a t u s  c o ns i s t s b a s i c a l ly o f  t hre e p art s : 

The foam tube , the gas supply and d i s p e r s i on s e ction and 

the f al l ing we i ght . A diagram - o f  t he sal i ent fe at ure s o f  

t'he modi f i e d app ar atu s i s  shown in F i g . 1 ( 3 .  1 ) . 
�L;he fo am t ub e  c o ns i s t :::- d o f  a high pre c i s i on b or0 

. g l a s s tub e , 1 . 6  cm int e rnal di ame t e r  and 3 1  cm l ong . 

The gas s upply and d i 3p e r s i o n  s e c t i on . The fl ow o f  

nit r o ge n gas from a cyl ind e r  o f  c on s t ant out l e t  pre s s ure 

was re gul a t e d  with a ' f low s t at ' ( P l at on ins t ru-
ment s . Crawly , Eng l and ) gas f l oVl c ontro l l e r , t he fl o w  

r at e  � h rough t h e  sys t e m  b e ing ind ic at e d vi sua l ly on a 

' g ap me ter ' ( P l at on in s trum e nt s ) . G aa W3 S d i sp er s e d int o 
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The mod ifi ed Mangan app ara tus 

R IGH T The Laby apparutu.s 
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1 
, I I 

F i g . 1 ( 3 .  1 b )  The fall ing we i ght as s e mb ly u s e d  i n  the 

M angan app arat u s . 

Le ft The bas i c  we ight ( 3 . 5  gms )  

Right Ext r a  we ight whi ch can be adde d t o  t h� 

a s s e mb ly . ( 1 4 . 5 gm s )  
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the soll.:i.t ion be ing s t udi e d  u s ing gas micro immer' s i on-

f i lters o f  di fferent poro s i ty s inte r s . 

The fal l ing we ight . The we i ght u s e d  in thi s sys t e m  

w a s  rede s igne d t o  ac hi eve t he minimum o f  fri c t ion betwe e n  

t h e  f a l l inc; lNe l �ht and the wa l l s of the tUb e . 

A piece  of brass rod '1 . 8  cm in di ame t er and 5 cm 

long , was turne d  on a l athe t o  de cre a s e  the d i ame t e r  o f  

t he rod t o  g ive 2 . 5  x 1 0-3 in�h cl e ar ance betwe e n  the 

walls o f  t he tube and the we i ght .  The rod was cut away 

s o  that it  t ouched t he gl ass wal l s  only at its t op anj 

b o t t om ove r a d i s t ance of 1 mm . 

The rod  was ho l l owed out l e aving the t op and b o t t om 

support e d  ty three narrow strips o f  bras s 2 mm wi de by 

1 mm thick . Hole s were Cll t out o f  the t op of the we i gt.t 

for the n it rogen re l e ased from the c o l l ap s e d  foam t o  

e s c ape . The b ase was fitted with . a wj r� me sh ( 28 gauge 
wire , 64 ho l e s  pe r cm

2 ) . Add it ional we i ght s  cou l d  be add e d  

t o  the t o p  o f  the b a s ic we ight which we i ghe d 3 . 5  g .  A 

photogr aph i s  shown in Fig . 1 ( 3 .  1 b ) . 

Me asurement of fo am stre ngth . The base of t he g l a s s  
t ube was f i t t e d  wit h a rubb e r st opper which c �rrie d a micro 

imme rs i cn f i lt er t o  dispe rse the gas , and a tube c onn e c t e d  

t o  a re s e rvo ir o f  the s o lut ion from Wfli ch the f o am vms t o  

b e  generat e d . 

5 ml o f  t he s o lut ion w�s int ro du c e d  int o t he apP f.lr atus , 

and nitroge n at a flow rat e  o f  30 ml -1 
d ispe r s e d  s e c  was 

i nt o  the s o lution . The leve l o f  so lut i on above the s int e r  

was maint aine d by addit ions from the r e s e rvoir . · The 
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column 'was fi lled with fo am to a he i ght 2 5  em an d  t he 

we ight ( tot al 'Ne ight was 1 8  g) c arefu l ly lowered on t o  

the t op o f  the foam .  It was then re l e ased and the t ime 

t aken for the wei ght t o  fall through the t o t al c o lumn 

of foam me asure d . Fo am strength is d e fined as f o l l ows : 

Foam stren�t ll = 1 00 x t ime ( s e c ) t aken t o  fall through 

column of fo am. 

Length of f o am c o lumn in em 

The fal l time s ranged from a few se c onds t o 1 hour . 

2·. The Laby apparatu s . Laby ( 1 969 ) de s cribed an 

apparatus suit abl e  for me asuring paramet e rs which as s is t  

in characteri � ing pers i stent strong f o ams s uch a s  t ho s e  

derived from soluble  l e af pro t e ins . A d iagram o f  the 

apparatus i s  shown in Fig . 1 ( 3 . 1 ) .  The apparatus con­

s i s t s  of a f o am tube in which the foam is gene r at e d , and 

the me asuring e quipment which de t e c t s  pre ssure exert e d  by 

the foam . 

The fo am tube i s  made up of two s e c t ions ' ( a) the 

drain�ge chamber and (b ) the foam chamber . The dra inage 

chamber cons ist s of  a barre l from a 10 ml graduat e d  

me asuring cy'. inder which c arr i e s  a por o s ity 3 gl a s s  filter 

dis c at its o as e . This chamber i s  conne c t e d  t o  a. f o run  

chamber of  pyrex tub ing 33 · mm int ernal diamet e r  and 1 0 5  rom 

long . 

Th� me a suring e quipment c onsist s of a st ainle s s  s t e e l  

sens ing d i s c  1 6  rrim. i n  diame t e r  which i s  conne c t e d  t o  the 

arm of a tran sducer ( Shinkoh C ommu n i c at ions Industry , 

ur�b onje d s t r ain gauge type UL-1 0-1 20 )  by a 



s t a inl e ss s te el r od 1 . G rrrrn tn d i ame t er . '1'11e input f o :!.'" 

th E) tr�n 8c'tuccr was ob t a i.ned from a s t ab i 1 1 z ed DC pow e r  

supply . The outpu t from the t r an sd u c e r  w a s r e c o rd ed b y  

a m i l l ivol t rec o rd e r  ( H l t 8.chi L to. , type QPD 5 4 )  u s ing 

the c ir c u i  t· d i agr am g iven . by M fu1 s fi e ld ( 1 96 3) to b al anc e 

th e no l o ad output fr om th e s t rain guage • 

6 8  

.Qal i1)ra  t j. on � 0:[' the t.r.9.!lsd1.!-�> The r e sponse of the tro.n s-� 

duc er lt V  different loads added to the arm or the 

t r ansducer wa s d e t e rmined us ing the 1 m vo l t  range on a 

H i  t. achi. cha :;: t recorder , whi ch h ad b een ad ju sted to g ive 

ful l sca18 d 9fle c t i on for 5 g and 1 0  g r e sp e c t ive l y .  

W e  igh t s  1 -1 0 g were added to the t r an sd uc c .L"'  arm and tb.� 

pen defle c t i on of the r e c ord e r  noted o  Th i s  w a s  re pe a ted 

wi th the r e cord e r  gi ving full s c ale defl e c t i on f or 5 g ,  

and w i th we i gh t s  i n  the r ange t-5 g added t o  the t r an s­

d u c e r  arm .. 

The r e spon se w a s  l inear wi th the for c e  appl i ed t o  

the arm of t he t ran sducer ro r � o th s en s i t ivi t i e s 

me a sured . 

i.� e asur eme n t  of foam parame ters w a s  acr. ompl i sh ed as 

f' o l l ow s :  

The dr ai nage chamber i s  fi ll ed to the 1 0  ml g r adu­

a t i on mark w i th th e solut ion to b e  f oamed . Th e s en s ing 

d i sc and c onne c t ing r od i s  f'i t t ed t o  t he arm of the 

transducer so tha t t he d i s c i s  p o s i t i oned at the 6 0  ml 

mark O£l tLc ·C o am chamb e r  and c onc e n tr i c  with it . N i  tr v gen 
at a t!ontr o ll cd tl ow rate O:l )0 ml pe r minu te i s  p a s sed 

v i a  the sinter in t o  th e solution in the drainage c hamb e r  .. 

The f'oam whi ch i s  g ene r a ted er). te r s  the fo am chamb e r  Rnd 



flows past the sens ing d i sc.  I t s  effe c t  on the d i sc i s  

recorded from the output of the transducer.  Foam i s  

generated to the 8 0  ml mark on the foam chamber , and th e 

gas supply turned off. The volume of liqu id remaining 

in the drainage chamber i s  recorded and the rate of 

drainage of l i qtiid from the foam into the d rainage 

69 

chamber me asured .· 

Two parame ters are ob tained from the rec order trac e  

of the transducer output :  

( a ) The maximum compre ssive strength C s • This  i s  the 

maximum pre ssur e  exerted on the d i s c  as the foam flow s  

past  the sens ing d i sc . The uni ts o f  compressive s trength 
-,? 

are g cm - . 

( b ) The s tress  rel ax t ion) Sr) i s  the rate at  which the 

stre s s) applied to  the sensing d i sc by the foam} decrease s 

after the gas flow has b een turned off.  I t  is determined 

from th e grad ient of the recorder t r ace , and has th� un i t s  

-2 -1 g em sec • 

Two other parame ters wh ich we ! e  derived from the 

s tudy of foams in the Laby me thod we re the foam re tenti on 

volume and the drainage constant �  

When the  foam i s  f irst formed it  c ontains a volume 

o f  l i quid vo . The volume of l iqu id ac tual ly pre sent in 

the foam at any time may be measur ed by sub trac ting the 

volume of l iquid in the drainage chamb e r  from the amount 

originally i�troduc ed ( 1 0  ml ) . With inc reasing t ime , 

the amount of l i quid wh ich drain s  from the foam appr oaches 

a volume voo ' s o  tha t  the l iquid re tained fal ls to  the 
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l im it ing vo lume vo - voo
' kllnWll as the foam re tent ion 

vo lume . 

The drainage o f  liquid from �rote in fo ams i s  

b e st  de s cribed by the e quat i on o f  ( L5.by , 1 969 ) 

dv 
dt 

. 2 k2 ( v  00 - v) 

where k2 i s  t he s e c ond order ERte const ant , and v t he 

vo lume drained from the foam at t ime t .  

Int e grat i on o.t' t he e qu at i o::l and re arr ane;ement 

l e ads e ither t o  the form 

1-- = 

v 

whe n c e  vO{) 
may b e  

t/v agains t  t ,  or 

1 
v - v 00 

t . 1 + 1 
v2 voo (X) 

obt a ined from 

t o  the form 

= + 

1 
k2 · 

the s l ope of a plot 

1 

voo 

o f  

:whence k2 may b e  obt a ined from the s l ope o f  the p l o t  o f  

1 

v - v CD 

against t .  

3 .  Reproduc ib i l ity of the foam · me asurement s  

lYs ing & s tandard prot e i. �  s o lut i cn ,  5 det ermina­

t i ons of e 8..eh par ame ter fro:n both systems were me a s' lre d , 

e ach t ime us ing a fre s h  aliquot from the s ame s o lut i on . 

Foam strength dat a obt ained from t he modified M angan 

a'pparat,ns had a maximum devi at ion from the me an of  1 5% .  

O f  the p ar amet er s  me asurc;d i n  the Laby G pp ar at'J.s , 

c ompre s s iv e  strength 0as the most reproducib l e  c o e ff i c i e nt 

with a maximum deviat i on from the me 2 .. n o f  approximat e ly 5% · 



The deviat ion from t he me an o f  the s tre s s  re l axation 

me asureme nt s  was b etwe en 5-10% o f  the me an ,  foam re t e n-

t ion vo lume ( v - v ) approximat e ly 1 0-1 5% o f  the o 00 
me an ,  and the least reprodu� lble me asurement was k2 

with a maximum devi at i on from tue me an o f  20% . In all 

t he foaming st�di8 s in this the s is at l e ast five 

d e t erminat ions of e ach p arameter on any s o lut i on were 

made in e ach exp e riment . Two standard devi at ions are 

repre sented on t he graphs as a bar , � .  
1 . 3 ( b ) F o am fracti onat ion procedure 

In experiment s c arried out to concentrat e and 

detormine the surfact ant mat erials in f o ams derived in 

vi tro from rumen l i quor , the -app aratus was s imilar -t o 

t hat use d  by Wace and Banfi e ld ( 1 966) which they t e rme d 

the ' pl at e le s s ' foam fract ionator . The app aratus c on-

( I  

s i sted o f  four st age s , e ach section c ons i s t ing o f  a wide 

(6 em di amet or ) and a narrow tube ( 2  cm diameter ) 1 2  cm 

l ong j o ine d t ogether . 

Rumen liquor ( 1  l it re ) was t aken , vi a a rumen 

f istul a , from cows � hour aft er fee ding on red c l over 

had c ommenced . The rumen liquor was s qu e e z e d  through two 

l ayer s  of butter mus lin t o  ret ain l arge p l ant fragment s , 

and t he liquor d i lut ed wit h  an e qual vo lume of phosphat e 

buffe r , I 0 . 1 , pH 6 . 0 �  and poured int o a 3 litre fl �sk . 

The f l a sk and cont ent s were p lace d in an' ic e -bath . 

�he fracti onat ing c o lum� was conne cted t o  the 

flask , and foam was gener ated by bubbl ing carbon di oxide 

through the l i quor via a poros ity 3 s i nter . The foam was 

s u b j e cted to  a s e r i e s  of compre s s ions and exp ans ion�  c S  



i t  wa s forced through the narrow and wid e  sections of the 

apparatus . Thi s  r esul t ed in a rapid drainage of the 

l iquor tn at had been carr ied up in the foam . The gas 

flow was ad jus ted so that  the l iquid draining from the 

�oam was able to d rain b ack into the f l ask.  The �o am 

was c ollec ted at  the top of the fr ac t ionating co lumn in 

a 2 l i tr e  fl ask • .  The foam was collapsed with a few 

d r ops of e ther and freeze  dried . The freeze dried soliC 

was s tored at -70°C over calc i um chlorid e .  200 ml of 

the or iginal rumen l i quo r were al so fre eze  dried and 

s t ored a t  -70°C .  
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CHAPTEH 2 

7:; 

SPEC U: S AND 'l'H��JOAr£ ING PRO?ERTI E 3  (IF THE· EX TRACTS DER IVEI' 

Th e sol ub l e l�.§! 'c'rote ins o f  legume pa stu r es 

w i th b l o a t  po ten t i al of the for age . 

arid c or: re 1 8. t � on --- -

B l o a t  i s  a s s o c i a ted w i th c a t tle fo r ag i n g' on pas tur e r i ch 

in l e gt1.me 8pt> � i e s ( J ohns , 1 954 ; B ar tl ey , 1 96 5 ) . H :>we ve r ,  when 

c at tl e  f orage c e r t a in l e gume pa s ture s such a s  L o t u s  c orn i cula tuEj 

b l o a t  d oe s  no t oc cur .  

C o op e r  e t  al e ( 1 966 ) f o und th a t  th e e x t r ac t s  f r o m  le av e s  

of l e gume r o r age � c on s id e red no t t o  ir� u c e  b l o at y i e ld ed 

small e r  v o lume s of foarr. in v i tro tha� extrac t s  from b l o at 

indu c j ng f o r age s .  Kend al l  ( � 966 )  was �b le t o  pr od uce l a rge 

volume s o f  f o am i n  vi tro fr om s imi l ar n on-bl o a t ing for a.ge s by 

add t t i on to the l e af e x t r a c t s  of sol1:'.ble polyv inyl pyrr o :i. id one 

( pvp) : ai"1  a.gen t known to c ompleA tarmin s and pheno l i c s  

( A nd e r s on , 1 96 8) . H e  wa s al s o  ab le t o  d e c r e a se the volume 

o f  f'o a m  pr oduc ed f'rom b l o a t ing l e gume e x t r a c  t s  'b y  aeld j. t i on of 

a c omme r c i a l  t ann in prepar a t i on to the e x t r ac t .  H e  po s tul a t ed 

tha t the non-b l o a t ing pa stur e s  con t a i ned t ann ins wh i ch 

int er acte:3. w i t h  the pro t e in/bu:t�fe -r' sys tem i r.  su ch a way a s  

t o  inh ib i t  f o am produc t i on .  The n a t�re o f  the int e ract ion 
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was not exp lained , nor we ro t annins iso l at e d  from the s e! 

p l ant s which he examine d .  

A maj or group of non-b loat ing le gume s i s  the 

trcp i c al specie s .  Bloat has bAen r�ported only on one 

of t he main tropical legume s used as p asture for c at t l e  

i n  Austral ia (Hamilton and Rut h ,  1 968) , but t he abs e n c e  

of  b lo at c ould not b e  exp l ained i n  terms o f  the t anniil 

cont e nt of t:rle le ave s ( Hut t on and Coote , 1 966 ) . 

McArthur et  al e ( 1 969 ) found that t he leve l of  

Fract i on 1 prote in which he claimed t o  be  the foaming 

age nt re spons ib le for bloat , was extreme ly l ow . in t he 

non-b loat ing temperate le gumes he had examined . Fract ion 

1 i s  as s o c i a�ed with the enzyme re sponsib l e  for phot c ­

syntlLe tic fixat ion o f  c arb on dioxide in p l ant s ( Trown � 

1 96 5 ) , and there fore McArthur ' s  re sult se emed unusual 

be c ause  many of the non-bl o ating le gume s have soft , gre en 

le ave s which would be expected to be high in phot o syn­

the t i c  act ivi ty , and hence high i::1 Frac t ion 1 p ro t e in . 

In view o f  the re sult s ob served by Kendall ( 1 966 ) 

and McArthur ( 1 969) , it seemed po s s ible that the int er­

act ion b etwe e n  t annins and the Doluble proteins was t o  

produce an inso luble t annin/prot e in complex o n  grinding 

the l e ave s of the non-bl o ating l e gumes . This hypothe s i s  

was te sted in this chap t e r . 

2 . 1  Dete c t i on of prot e in pre c ipitant s in legume s 

1 gm of leaf · t i s sue was e xtra cte d in a c oni c al , 

ground-glas s homogeni s e r  int o 1 ml of e ither 



( 8. ) KH2P04 ; Na2HP04 , i on i c  s t re ng th 0 . 1  pH 7 . 5  

c on t n J n j.ng 0 . 1  �b a s e orb i c  ac id , 1 rnM s od ium d i e thyl -

d i  t h :i. o car-b ama t e , and 0 . 1  mM me r c ap t oe thanol ; o r  

( b ) th e s ame b ufi'er c o n t a in ing in ad d i t i on 2% s ol ub l e  

PVP/n�ol e cul ar we i gh t  30 � pOO ) . 

A f te r. gl' i nd ing un t i l  the l e af t i s sue wa s 

c ompl e te ly d i srup ted , ,the homoge n a t e s  Vl e r· e  c e n t r i f'uged 

at 1 6 , 000 g for 30 minut e s  to sed ime n t  the in s o lub l e  

ma te r iRl . Th e sup e rnate s w e r e  mad e 1 0% in suc r o s e and 

2 5 mm 3 analysed by acryl amide g e l  el e c t r ophor e s i s  

( S e c t i on 1 ( 1  a . ) )  t o  reveal the s o l ub l e  p ro t e in s  i n  

the e x tr a c t .  A n  increase � n  the l ev e l  o f  pr o t e in in 

e x tr a c t ( b ) c ompared w i  th ex t r ac t. ( a) ind i c a t ed th e 

pre s e nce cf' pr o t e in pre c i p i t an t s  i n  the e x tr ac t ,  p r e -

sUIuab ly t 8Jmin s , wh ich c ompl ex p r e f' e re n t i al l y  w i th PVP 

r � ther than � i t h  le af pr o t e in s .  

2 .. 2 Th e f.':!.gl 1.!.-b l e  l e af pr o t e in s  of'  leg'SJIle fo r age s used in New 

Z e al and . 

The ma j o r  l e gume s used in New Z e al and are wh i te 

cl over ( Jr i fo l i um repen s L. ) , red cl over' ( Tr i fo l j.um 
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pr a t e !�se L . ) ,  sub te r rane an c] over ( Tr ifol ium 3ub t e r r an e um ����--------,---- ----

L. ) an0. lo t u s ma j o r (iQt u8 J2eduneul a tus C av . ) . The r e  i3 

no r e c ori of' l o tus ma j or u s ed a s  a f o r age hav ing prod uc ed 

b l o a t , and a c l o sely s imi l a r  pl an t ,  L o tus c orn j c u l a tus L .  

i s  r e c ogn i sp j  a s  a n on-b l o a t ing l egume ( Kend al l ,  1 96 6 ) . 
B::' o a t  o c cur s oc c a s i onally in c a t t l e  gra z ing sub t e rr an e an 

cl over ( McD onald , 1 96 8 ) , alid i t  i s  very c ommon in c '1 t t l e  
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graz ing b o th red and whi te c love r .  

The l o tus ma jor , wh i te and red c l over sa�ples  we re 

t aken from pure stands in the field , and the sub te rrane an 

c lover was grown in po t s  in a �lasshouse during the 

summer months.  

Extr ac ts of  the se plan t s were examined for protein 

pre c ip i tant s  as ·de scribed in Section 2 ( 1 ) .  Pho tographs 

of the acrylamide gel are shown in F ig .  2 ( 2 ) . I t  can 

b e  seen that the add i t i on of pvp to  the extrac t i on 

buffer had no measurable effe c t  on the l evel of protein 

rel eased into the extrac t s , of the forages assoc i ated 

wi th b loat �  In  the c ase of l o tus ma j or ,  the non-bl oat ing 

forage , the add i tion of PVP increased· the level  of 

extrac table soluble pro te in subst� tially. The le aves 

of l o tus maj or appe ar t o  c ont ain c onst i tuent s wh i ch 

p re c ip i tate the solub le leaf pr oteins when the cel l s  are 

broken , and PVP seems to  b ind these  precipitating agent s 

preferentially ,  enabl ing the pro t e in to be released in a 

soluble  torm� This  would sugges t  tha t  these agent s  are 

t ann in-l ike in nature ( Loomi s and B at taile , 1 966 ) . 

Further evidence to sugge s t  that the se material s were 

t annill.s was the demons trat i on tha t authent ic tannins 

c ould be i s ol ated from l o tus maj or ( analytical me thod s 

1 ( 2 .  6 . )  ) . 

2 . 3  A survey of the legume for age s wh ich d o  and do no t c ause 

blo a t .  

Because of the resul t s  ob tained above , the follow ing 

exper iments were unde rtaken fir s tly to find out if the 



l a  l b 2 a  2 b 3a 4a 

" 
. " 

-

F IG. 2 ( 2 )  THE SOLUBLE PR O TE I N S  EX TRACTABLE FRO M THE LEAVE S 

OF THE FO UR MA IN LEGUME PA STUR ES USED IN NEW 

ZEAL/IND . 

A cryl amide gel e l e c truphore s i s .  

1 .  L o tus p�duncul a t us C av .  

2 .  Sub t e rrane an c l ov e r  

3 . Wh i t e  c l over 

4 . R ed c l over 

a r e pr e s en t s  t he l e ave s ex t r ac t ed into pho spha t e  bur rer 
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-
ab s e nce of bloat on l e gume p asture s could in general be 

corre l at ed with the pre sence of t annins in t he s e  for age s , 

and s e condly to attempt t o  corre l at e  t he c ompre s s iv e  

strength (Meth0ds 1 ( 3 .  1 b )  ) 0 ::  fo ams derived from 

e�tract s of the se legume s with the ir bloat potp.nt i a l . 

T annins are de fined by Swain ( 1 965)  as c ompounds wit h  

mo l e cular we ight s 500-3000 , �ont aining 1 -2 phenolic 

hydroxyl groups per 1 00 mo lecular we i ght , whi ch � 

comb ine with prote ins c aus ing pre c ipitat i on of the prote in . 

No G ati sfact �_ ry chemical assay of t annins as such s e ems 

t o  ha\T8 been devise d  ( Fe e ny and Bosto�k , 1 968) whi ch l e d  

us in t �is thesis  t o  det e c t  the ir pre sence b y  th� i r  act ion 

as protein pre c ip it ant s ( 2  ( 1 )  ) .  

Plant s 1 -1 8  ( T able  2 ( 3 . 1 )  ) were grown in glas s -

hou s e s  during the summer months , the trop i c al le gume s 

1 2- 1 8 be ing he ld at a minimum temperature of  600C .  The 

trop i c al le gume s 1 9-21 were grown in th� fie ld at C . S . I . R . O . , 

Divi s ion of Tropical Pastur e s , Bri sbane , and extract s were 

made during a vi s it to that st at ion by me . 

Le af s amp l e s  o� all the l e gume s in T able 1 ( 2 .  3 .  1 )  

wer e  examined for t ar.nins us ing the te chnique de scr ib e d  in 

p art 2 ( 1 )  o f  this the s i s . Re sults are shown in T ab le 

2 ( 3 . 1 ) .  r 

Compre ssive strengt h me asurement s ( 1 . 3a) werA made 

on l e af e xtract s prep ared as follows : 5 gm of l e af were 

ground int o 20 ml , 
·
0 . 1 M sodium acetat e  buffer , pH 7 . 6 , c on­

t aining 1 ml'J sodium diethyldithioc arbamate unt i l  the l e af t i s su 



( 3 . 1 )  

I 1 ' 2 �  
I 3�  
' 4( � 5 
( 6 )  

� 8 
( 7 1 � � � 

( 1 2 ) ( 1 3  

( 1 4) 

( 1 5 ) 
( 1 6 ) � 
� �� 

( 1 9  ) 
( 20 )  
( 21 ) 

THE PROPERTIES OF BLOATING AND NON-BLOA TIN G LEGU1�:C FORAGES 

Genera 

TEMPERATE LEGUMES 

Tr ifoliunl hyb�idum L .  
Trifol ium repens L .  
Trifol ium pratense L .  
Med icago sat iva L .  
Onobrychi s  vic i ifolia  ( Scop. ) 
Orn i thopus p innatus ( Mill . ) 

Druce* 
O rni thopus compre s sus **  
C oronilla vari a  L .  
Lo tus corni culatus L .  
LotllS peduncula tus C av. 
Le sped e z a  s t ipulacea L .  

'rR Cl P ICAU·F.Gm�:§§ 

D o l i chos lab l ab C.  V. f\ongai 
D ol icho s axillar i s' E .  Mey 

( C. P. O . 1 781 4) 
De smod ium intor tum ( Mill . ) 

Urb . ( C . V. green leaf ) 
De smod ium unc ina tum ( Jacq. ) 

DC C .  V. si lverle af 
Phaseol'lS atropurpureus C '  DC C . V. u l.ratro 
Lotonon i s  baine s i i  B Rk e r  
Glyc ine j avanica L .  ( C . V. Cla.rence ) 

% 
soluble 
pro t e in 

-

-

2 . 06 
1 . 86 
2 . 1 0 
0 . 1 0  
0 . 1 2  

0 . 83 
0 . 04 
0 . 1 3  
0 . 06 

-

0. 63  
-

0 . 06 

0 . 04 

0 . 83 

0 . 33 

Pre senc e 
of pro te in 

pre c ip i tan ts 

� =) ( -1 ( -

( + 
( + m trace 

( -� 
( -

( + ) 
( + ) 
( - ) 
( - ) 
( - ) 

S tylosanthe s hnITlil i s  R ich . 0 . 56 ( - ) 
V=mc aena l eucocephaJ.a ( li,qm. ) 0 . 34 ( +-r' ) trace 
Lo tus pur shianus de \� J. t ( ) 

I 
I 

* Anthrolob ium p innatus A ll en N. Z .  D .  S .  I . P .  Bull . 
* *  Gl ad s t on e s ,  J.  S . ; Barre t t-Lenn ard , R . A .  

--.. 

( Mecn of 9 
de termtnat ions ) 

Compre ss ive 

83 , 

s t rength 
C t  0 . 05 )  

-
2 . 43 
2 . 23 
2 . 42 
0 . 00 
0 . 00 

1 . 02 
0 . 00 
0 . 33 
0 . 00 

-

2 . 02 
-

0 . 00 

0. 00 

1 . 2 5  

0 . 56 

0 . 62 
0 . 56 

1 940 , p 

I 
I 

I 

1 31 ) 

Bloa. 
R eport 

� : � 

1 :  1 ( -

m 
( + )  ( - ) 
( - ) 

( - ) 
( - ) � 

- ) 
- ) 

( - ) 
t :� 

t 
ed 

-.J 
\0 



was c omplet e ly disrupt e d . The total extract was tran,s -­

ferred with washings t o  a 50 ml vo lume tric f l ask and m ade 

up t o  the 50 ml m ark with 0 . 1  mol/l itre sodium ace t at e  

buffer . The compre s s ive strength was d e termine d in the 

Laby app aratus , on f o am gene rat ed from 10 ml of the 

suspens i on ,  with pH adjus t e d  t o  5 . 8 ,  he l d  at 37°C .  Three  

determinat ions of c ompre s s ive strengt h  were made on e ac h  

of thre e different l e af extract s from e ach p l ant and t he 

average re sult is  shown in T ab le 2 ( 3 .  1 ) . 

Soluble pro t e in was also  determine d by nitrogen 

e st imat ion 0:. 2 ml a l iquot s of the above extracts aft e r  

centrifugation at 1 6 , 000 g for 3 0  min1lt e s . The se re sults  

are al s o  shovm in Table 2 ( 3 .  1 ) . 

I t  can be s e en that in the c ase o f  all the l e gume s 

in whi ch t annins were found , bloat has not been report e d . 

With temperate l e gume s ,  only t hose cont aining tannins 

were not asso c i at e d  with b l o at . In the case of trop i c al 

l e gume s , T able 2 ( 3 . 1 )  indi c at e s  that absence o f  b l o at i s  

not c.lvvays t o  b e  corre l atec. wit h  the pre sence o f  t annins . 

In tlie se p lant s , howeve r ,  t he l eve l o f  extractable prote in 

was m arkedly l owe r  t�an wit h  the tempe rate le gume s on which 

b l o at can occur . Probably as  a conse quence of the d iffer­

ence in prote in c oncentrat i on the c cmpre s s ive strength o f  

a l l  foams de:,:,ive d from extracts o f  nO!l-bloat ing f or ag, ' s  

was low i n  comp aris on with foams derived from extral'!t s o f  

b l o at producing le gume s . 

Although b l o at is unc ommon on tropical l e gume s ,  b l o at 

has b e e n  report ed on D o l i chos l ab l ab (Hamilton and Ruth , 

1 968) . 
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H e re the l evel of' s o lub l e  p r o t e in in the e x t r a c t  was l ower­

than ti!.e level found i n  several o the r spe c i 8 s  wh i ch have 

n o t  b e en a s soc i at e d  w i  th b l oa t .  H oweve r the fo am p r oduc ed 

f r om ext rac t s  of th i s  p l an t  revealed a c omp r e s sive s t reng t h  

wh i ch wa s c ompa r ab l e  t o  t h a t  f r om t empe r a t e  l egume s wh i ch 

frequen t ly give r i s e  t o  b lo a t  and c on s iderab ly h igne r than 

tho s e  f r om o the r t r op i ca l  spe c i e s .  G o od c or rela t i on w a s  

ob t a ined b e twe e n  c ompr e s s ive s tr eng t h  o f  fo ams d e r i ved 

from l e af ex t r ac t s  and the b l o a t  po t en t i al o f  tempe r a t e  

and t r o p i c al le gurr� s , whe reas t ann in c on t e n t  could only b e  

c or r e l a t ed w i th the b l o a t  p o t en t i al o f  temperate le gume s .  

2 . 4 Exam i n a ti on o f  T r i f c l ium spe c i e s  f o r  t ann in s  

The r e su l t s  of the pr e c ed ing s e c t i on s u gge s t  tha t if 

t an n i n s  c ould be b red i n t o  b l o a ting l e gume s ,  then pa s ture s 

c on t a i n ing such a le gume may n o t c a u s e  b l oa t . The ma in 

le gume � orage s in New Z eal and a r e  the c l ove rs ( T r if o l i a e j . 

In o r d e r  to f i nd sui t ab le ma t e r i al f o r  c r e s s-breed ing w i t h  

wh i t e  c l ove r o r  r ed c l ov e r ,  o r  t o  find ma t e rial th a t  might 

be su i tab l e  f o r  m ixed pas tur e s  w i t h  these c l ov e r s , a 

s e l e c t ion of T r i f o l i a e  was examine d . 

Plants we r e  gr own in the g l d s sh o u s e  in po t s ,  th e s o i l  

haV i ng been inn o c ul a t ed w i th the c or re c t  rh i z ob i a .  The 

plan t s  were exam ined f o r  t ann i n s  as d e s c r ibed e arl i e r  

( 2 .  1 ) .  The r e sul t s  o f  th i s  inve s t i g a t i on are shown in 

T ab le 2 ( 4. 1 ) . Pho tographs show ing the p r o t e ins o f  

Tr i fo l i um a rven s e , 1Ei f o l ium b o c c one i ,  �ifol ium med i�� ,  

are shown i n  F i g .  2 ( 4 . 1 ) . T arm i n s  we re only found in 
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TABLE 2 

( 4. 1 )  

Trifol i um  spe c i e s  T ann ins pre s en t 

---

r epens -
pratense -
hyb r id um -
snb t e rraneum -
arvense -¥-
s quammo sum -
squarro sum -
dub ium -
achr oleucum *  -
inc arn a tum -
med lum -
s tr i a tUL'1 -
s C dbrum * -
8 te l l a tum �< -
b ac c one i * -
cherl e r i  * -
hir tum *  -
l apY8.ceum * -
alexand r inum -
e sche r ina tum * -
tricoceph alum * -
l igus t i c um *  -
d i ffu sum * -
purpureum * -
pall idum * -
phl e o id e s  * -
nigr e scens -
glomer atum -
frag j. fe ru1l1 -
semi p i l o sum -
burchill i 8num -
VEJ s j c u l o sum -
amb iguum -

THE PRESENCE OF CONDEN SED TANNINS IN 
SELIj;C'rED TR IFOLI Uivi SPECIES 

* Trifol ium spe c i e s  b e l ieved to be  clo sely rela ted 

gene tically to Tr i�ol ium arvense . 
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F I G. 2 

( 4. 1 )  

1 

o 

ACRYLAMIDE .ELECTROPHORETIC ANALYSES OF THE SOLUBLE 

PR O TE IN S  EXTRAC TED FROM THE I,EAVE S OF SO ME OF THE 

TR I FOL I UM SPE<2.lllli 

1 .  T�i r o l ium arven se L .  

2 .  Tr i r o l iruTI b o cc one i L .  

3 . Tr irol iWTI med i um L .  

a .  L e ave s e x t r ac ted in t o  pho sph a t e  buf'f'e r .  

b .  L e ave s ex trac ted i n t o  pho spha t e  burre r cont a in ing 

2% PVP . 
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T r i f o l ium arven se . Al though the p l an t s  :m�rked w i th an 

a s te r i sk :t: were oelieved t o  be c l o s e ly r e l a t ed gen e t i cally 

t o  Tr if o l ium arven s� ( He aly , 1 9 70 ) , no t annins w ere f ound 

in the s e  spe c i e s .  A l tho ugh Tr i f o l i�� arv ense i s  o f  n o  

i n t e r e s t  a s  a fo r age , and would b e  un sui t ab l e  f o r  use a s  a 

m ixed p a s ture , the fac t tha t t arlllins have b e en found in the 

T r ifo l ium spe c i e s  giv e s  s ome hope of f i nd ing a sui t ab l e  

sp e c i e s  o r  o f  i nduc ing t ann ins in t o  the b l oa t ing cl ov e r s .  

2 . 5 The o ccuran c e  o f  tann i n s  in L o tus spe c i e s .  

E ight l o tus spec i e s w e re grown i n  p o t s  i n  gla s shou se s .  

They were examined f o r  t ann ins u s ing the procedure 

d e scribed i n  Section 2 .  1 of thi s the s i s .  The re s ul t s  

a r e  shown in Tab l e  2 ( 5 . 1 ) . The only spec i e s which d id 

n o t c on t a in me a surab l e  amoun t s  of t ann ins wa s L o tus t e nu i s .  

L o tus 3coparius and L o tus angu s t i s s imus conta ined 

suff i c ient t ann ins t o  pre c ip i t a te al l of the Frac t ion 2 

p r o t e in s  and s ome o f  F r a c t i on 1 pro t e i n .  The rema �_ n ing 

L o tu s  spec i e s  c on t a ined enough t ann i n  to p re c ip i t a te a l l  

t h e  s o lub l e  pro t e in in the s e  p l an t s .  

Summa ry 

The examinat i on of' the pro t e ins of le gume f or age s 

ind i c a  t e s  tha t  

1 • The non-b l oa t ing tempe r a t e  l egume s d o  n o t  rel e a se s olub h, 

pr o te ir:. wte n  the i r  l e af' t i s sue i s  d i sr up te d , whe re a s  the 

bl o a t  pr ovok ing le gume s r e le a se h i gh l eve l s  o f  s ol ub l e  

p r o te in .  Thi s d i ffe rence i s  due t o  the pre sen c e  o f  pro t e in 



TABLE 2 

Lo tus spe c ie s T an.."'1 in c on t ent 
-

c o rn i cula tus 4 
pedunculatus 4 

t enu i s  0 

s c opar ius 3 

mar o c c anus 4 
d ivar i c a tus 4 

h i sp idus 4 

angu s t is imus 3 

pur sh i anus 4 

THE TANNIN CONTENT OF LO TUS SPECI E S  

o N o  pre c ip i  t a t i on o f'  s o luble pr o t e in s .  
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1 Pre c ip i ta t i on of s ome of the F r ac t i on 2 pro t e ins . 

2 Pre c i p i ta t i on of all the F r a c t i o n  2 pro t e in s .  

3 Prec ipi ta t i on of a ll the Frac t io n  2 pro t e ins 

and s ome of th e F r ac t ion 1 pro t e in . 

4 Pre c ip i t a t i on of al l t he s olu.b l e  pr o t e ins . 
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pre c i p:i. "Gs.l1. t o ,  t an n in s , in the .le ave s of 'LJV:! former 

pl Hn t s .  

2 .  T arm irl S w e re not  fO lmd to b e  p r e san t i n  th e l e av'e s of th e 

n on -b l o a tin g  trop i ':! al l e gume s ,  with the except i on of the 

I2,e smocUum spe c ie s .  Howcvel' , the compre sBive s trength uf 
f oams d e r 1veu �rom ex trac t s  " ' of th e se l egume s w a s  low , 

c orreJ&. t ing with the i r bl o a t  p o t en t i al .  

3 .  Ex amina t i on of some o f  the Tri:..-'ol ium spe c ie s ind ic a  ted 

tha t  tf.,nnins wer' e  present  in the pl cmt Tr ifol ium arve n s e 

and al though th i 3  p l an t  i s  usele s s  a s  u f orage , t h e r e  i s  
a pos s ibi l :i. ty of ob t a in ing a Tr if'o 1 5.um spe c i e s  which  

migh t pr ov e t o  b e  su i t ab l e  material  :for  b r e ed i ng in t o  

th e New Z ealand p a s tUi.' e s  in an a t t emp t t o  minimi z e  the 

o c currenc e of bl oa t • 

. .  4 . Tannins are c ommen i n  the l o t u s. spe c ie s . If the pr oblem 

of' mi xed re gr ow th th at occurs in l o tus ma j o r/wh i te cl ove r 

pasture s c ould be o verc ome , a p a s tur e c ont ain ing clover 

and tann in-con t ai n ing fo rage such as l o tus , closely 

a s s oc i a t �d so tha t they are gra z ed t og e th e r , m igh t pro ve 

u seful in c on t r o l l ing bl oa t .  

5 . The se r e sul t s  ad d supp o r t  "to the hyp o the � is th a t  s ol uble 

pro t.e in is an impor t an  t f ac t o r in th e aetiolD gy of b l o n t.. 
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CHAPTER 2 

THE FOA.MING PROPERTIES OF TEE SOLBULE LEAF PROTEINS OF 

RED AND Vv1IITE CLOVER , THE HOIJOTRICH })ROT OZOAL PROTEINS 

AND THE SALI VARY PRO/rEINS .  

3 . 1  The foaming propert i e s  of t he s o luble l e a f  pr ot e ins 

The re s e �rch de scribe d  in this chapter was urider-

t aken to dete rmine the condi t i cns required to produce 

s t able prote 2 Q fo ams . The typ e s  of app ar atus used for 

me asuring the foam propert i e s  are de scribe d in the meth­

ods , sect ion ( 1 . 3 a ) . 

The re sult s from the previous chapter ( 2 )  sugge st 

t hat pl ant le af prote ins are the foaming agent s involve d 

in the bl o at syndrome . The c onditi ons re quired for st able 

foam production from the se prote ins are t here fore studied 

in t he fol lowing chaptar . T he prot e ins were d i s s o lved in 

a s odium ace t ate buffer ( 0 , 1 mol/litre ) which was ad justed 

t o  the de s ired pH wi th glac inl  acet ic acid . 

3 . 1  ( a) 

( 1 )  
Stud ies  using the Mangan apparatus 

The e ffect o f  pr ote in c oncentrat i on on f oam strength . 

I n order t o  dete rmine the minimum c oncentrat i on o f  

prote in re qu ired t o  p�oduce strong foams , solut ions 0 :  

Fract i on 1 and Fract i on 2 prote ins in 0 . 1  mol/litre , ac e t at e  

buffe r , pH 5 . 8 ,  o f  prot e in c oncentrat i on 0 . 001 t o  0 . 1 % w/v 

we re foamed in the Mangan app aratus . The gas fl ow was 

30 ml �in-1 , and the t empera ture was maint aine d at 37°C .  

A poro sity 2 mi0ro-immers ion filter was use d to disper c 8  

the gas . 



R e sul t s  f0 r F r ac t i o n 1 and F r ac t i on 2 prot e in s  are 

shown 1n F t g .  3 ( 1 . 1 ) . · '1'h e minimum concen tra t i  on s of> 

F r 8.c t i on 1 and Ii'I'3c t i ol1 2 pro t e i n s  r e gu i ::>ed to pr cd uc e 

VI 
a ful l  C O ltUl1Tl (jf f o am Vl e re 0 . 005% and O e  008% Iv 
�'e spe c  t.i v e l y .  

R OVl eve r !  fOEHf! S d i d  no t show 2..ny me a sY_l'ab l e  f o am 

s t r en g th unt i l  t he c o nc en t r a t i on of Fraction 1 was 0 . 01 %  

'/'v and P r ac t i on 2 w a s  0 . 02%. 

( 2 ) The e ffe c t of bubb l e  s i z e  on :f oam s tr er�g t h .  
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S oluti on s  o f'  F r ac t i on 1 pr o t e in ,  a t  pH 5 . 8 and 37°C 

we -l.' e  fo s.:-ned in the Mangan appar a tus uJ ing d iff e r en t  

p o r o ;... i ty s i nt e r ed m i c r o - imm e r s i un f i l t e r s  t o  d i spe r s e 

the ga s .  The por o s i ty s int e r s  we r e  of the fo l l owing p o re 

s i z e � 

p o ro s i ty 1 

poro si ty 2 

por o s i ty 3 

p or o s i ty 1+ 

90-1 50 pm 
40-50 pm 

20-30 pm 

5-1 0 pm 
F o am s tren g th w a s  me asured on the se roams . 

� e sul t s  a r e  shown in F i g .  3 ( 1 . 2 ) . The resul t �  

indi c a t e  tha t bubb le s i z e i s  extremely impor t ant in 

d e termin ing th e ' s treng th ' of a foam. The l a rge por e 

s in t e r s  produced l o o s e l arge bubbl e foams of l ow ' st r ength ' 

whereas t.he smal l poro s i  ty sin te r s  prod uc ed so l id �ninute 

bubb le f"o ams . of h i gh she a r  s treng trL r 

The numb e r  o f  int e rfae i al fi Ims , the t o t  al surf' a c e  

area and th er efor e the amOUI!t  of den atured pr o t e ln p e r  g iven 
vo ltune of foam w ould be gre a te r in the small bubbl e  foam than 
in t he l a:.."ge b ubb le f oa m  an d  th i s p o s s ibly exp l a in s  the 

d I f'fe renc e s  found be twe en the r e sp e e  t i  ve t f o am s tren.r:: th s '  
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o f  these  f o ams . 

( 3 )  The influenc e  o f  terr:perature on ' foam strength ' 

An incre ase in t emperature could be  e nvis aged as 

de cre as ing the st ab i l ity of i.nterfaci al films by de cre as­

ing the surface viscos ity of the films , whi ch in the c as e  

o f  foams would lead t o  an increase in t he rate o f  drain-

age of the l�quid from t he foam . Thi s would produce a 

rapid thinning of t he fil� l ame llae , thus hast ening t he 

rupt ure o f  thG fi lms and c o l J apse of t he foam . 

Conversely in t he case o f  protein fi lms where the 

denatured protein in the sur face is not in equilibrium 

with the protein in the bulk soluti on , an incre ase in 

t e op p.rature would incre �se the rate of d i ffus i on of t he 

prot ein mo le cules int o the surface without caus ing an 

increase in c1_iffus ion o f  t he molecule s from the surface 

b ack to  t he bulk so lut ion .  An overal l increas e in t he 

rat e of denaturat i on of protein woulc. re sult . However 

t he rat e of  diffus ion is proport ional t o  t he abso lute 

t e mperature j and this e ffe ct would the re fore be  unimp or­

t ant over the temperature range examine d in this experiment . 

Prot e in solut i ons c ont �ining 0 . 03% w/v Fract i on 2 

prot eins or 0 . 025% w/v Fract ion 1 prot e in in 0 . 1  mo l/litre 

s od ium ace t at e  buffer pH 5 . 8 ,  were foame d in t he t empera­

t u�e rrulge 5 to 5 5°C .  A poro s ity 2 sInt e r  was us e d  t o  

d i sperse t he gHS . s amples and apparaJcus were e qu i l ibrat � d  

t o  the de s ired t emperature be fore the f o a m  was gene rat e d
-
. 

Re sult s are shown in Fig . 3 ( 1 . 3) . 
The re sult s indi cat e  that incre as ing the temperat ure 

markedly reduces t he I'uam strength of t he plant pro t e in 
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i,  . fo ams . The de cre ase in foam strength as t he t em:pe r at-

ure incre ase s ,  is �robab ly to be  exp l ained in terms of 

the dryne ss  and brit t lene s s of  the foams at high t emper­

ature s ,  ari sing from the r ap i d  drainage o f  liquid from 

the foam at the se temperature s .  

( 4 )  The e ffect o f  pH on t he fo am strength of prote in 

f03.ms . 
Studie s on p:::'ote in films ( Cumper and Alexander , 

1 950) showe d that the surfac e viscosity of prot e in films 

was � ax imum at pH ' s  c l o se t o  the is02 1 e ctric pH of the 

prote in . At this pH the ne t charge on t he prote in mol e ­

cule i s  zero , and t he e le ctro st atic  repuls ion betwe e n  

mo l e cules is we ake s t , le ading t o  maximum cohe s ion betwe e n  

t h e  prote ia mole cule s t hat �i ffuse to the air l i �uid 

int erface . The denatured prote in , carrying zero net 

c harge would be c apab l e  of int e rmole cu l ar interac t i on by 

hydrogen bonding or Van der Vlaal ' s  force s ,  giving ri s e  

t o  a rigid film of high surface vi sco 3 ity . 

Surface vis c o s it y  i s  an import ant factor invo lved 

i� fO dIIl st abi lity ( Brown et  al e 1 953) . · I f the maximum 

fo am strength was re lat e d  t o  surface vis c o s ity it would 

b e  expected +: 0  occur at the isoe lectric pH of the prote in . 

Prote in sclutions c ont aining 0 . 04% Frac t i on 1 or 2 in 

0 . 1  M sodium acetat e  buffer were adjusted to pH ' s in t he 

r ange 3 . 5  � 7 . 6 .  Foam stre ngth was , determine d on t he 

f o am . generate i  from the s e  s olutions . Re sult s are sho\vu 

in Fig . 3 ( 1 . 4) . The maximuTI ' foam 3trength ' for Fract i on 

1 prote in fo ams o c cur at pH 5 . 8 .  Thi s pH is c lo s e  t o  t he 



F I G  • ....2 
( 1 . 4) 

160 
.--I 

£ 1 4 0 v 
v ., Q) If) 120' :r 
t3 
z 
w 100 D:: 
r-(/) 

80 
2 
« 
� 5 

40 ' 
/ 

2:l
s 5·5 6·0 6·S 7-0 

p H  

.THE EFFEC T  OF DR ON THE FOAM STRENG'l'H OF SOLUBLJ2 

Buffer 0 . 1 IDol/l i tre sooium acetate(p.8�>gas  flow 30 ml min-1 ; 

s inter por o s i ty 2 ,  temperature 37°C . 
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i soel e c tr i c  pH of' the pro te in mole cul e  ( Pon , 196 7 ) . The 

maxil!lum t foam s trength ' of' Frac ti on 2 pro te in f'owns 

occurred at pH 5 . 1 -5 . 2 ,  al though strong f' oams were pr oduced 

over the pH range 4. 0 to 6 . 3 . Th: s  is no t surpri s ing , 

s ince Frac t i on 2 pro te ins ore a heterogene ous mixture of 

pro t e ins  of' d ifferent i s oe le c tric  pH ' s . 

3 . 1 ( b ) S tud i es u sing the Laby appara tus 

In 1 969 , Laby reported an apparatus which enabled 

h im to  cha rac terise  f'oams gene rated f'rom a vari e ty of' 

surfactan t s .  H e  me a sured four pal'ame ters of' the f'o ams .  

Two of' these were derived f'rom the foam drainage c a t a  by 

applying the sac ond order rela t i on dv = k2( vo - V' ) 2 
d t  1 ( 3 . 1 b ) . The remaining two quan t i t ie s are phy s i c al 

propertie s �  tIle comp.r>es sive streng th and the stre s s  

relaxat i on ,  whi ch are determined ' a s  de scribed in par t  1 
( 3 . 1 b )  of thi s  th e s i s .  

The variable s ,  s tress  re laxa�' l on , the f'o am r e ten t i oj1 

volume , and k2 are reported to  g ive some 'me asure of 

persi s tenc e of f oams ( Laby ,  1 96 9 ) .  In  thi s thes is k2 
was of' ten dif'fi cul t to interpret and the ref'ore was no t 

94 

repor ted in the re sul�s  whi ch fol low . However , an incr ease 

in persis tence of' f'oams was always ac companied by an 

increase in the fo am re ten t i on volume , and a decrease in 

the stres s relaxa t i on.  

The c ompre ssive strength give s a measure of'  the 

rigid i ty of' the f'oams . 

( 1 ) 'l'he ef'f'e c t  of' prote in c oncen trat ion o n  the f'oam 

parame ters . 



S o lu t i 0n s  of pr o t e ins c on i; a i n ing 0 . 001 % to 0 • .  1 %  'v 

F r ac t i  on 1 o r  2 pr o t e  i.n we r e  f o ame d i n  the L aby app a r a t u s  

a t  37°C and the parame t e r s  me a su r ed . 

R e sul t s  a r e  shown in F i g .  3 ( 1 . 5 ) .  
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The minimum c on c en t r at i on s  o f  F r ac t i on 1 �!d F r ac t i on 

2 pr o t e in s  r o qu i red t o  p r od u c e  f o ams hav in g me a sur ab l e  

s tr e s s  r e l axa t i on w e r e  0 . 02% and 0 . 03% 
\�v r e spe c t iv e ly . 

The foam re t e n t ion volume inc r � � s ed from 0 . 2 ml a t  0 . 02% 

F rac t i on 1 to 3. 6 ml at 0 . 1 %  p r o t e in .  The foam r e t e nt i on 

v ol ume s of F r ac t i on 2 pr o te in f o am s  i nc r e a s ed t o  1 . 0 ml 

a t  0 . 1 %  'v p r o t e i n . 

A l though c o mpr e s s iv e  s tr e ng th of f oarr.s prod uced f r om 

1 t - f t t 2:rl WI s o  U I ons 0 F ra c  i o n  1 pro e i n b e l ow 0 . 0 ';0 Iv pr o t e in 

w a s  h i gh ,  the f o ams s o  p r oduced e i the r d id n o t  g i v e  a 

un i f o rm c olumn of fo am o r  the y co l l ap sed in s t an t ane o u s l y . 

( 2 )  The rel a t i on sh ip b e twe e n  c o mpr e s s i v� s t rength and 

b ubble s i z e . 

F o ams w e r e  gene rated f r om so lu t i on s  c o nt a i n ing 

F r ac t i on : p r o te in ( 0 . 005 to 0 . 1 %) in 0 . 1  mo l/l i t r e sod i um 

ac e t at e  pH 5 . 8 .  The b a r-re l s  of th e  l i qu id chamb e r s  o f  th e  

L aby 81lp aI' a tu s  w e r e  f i t ted w it h  s in t e r s  of por o s i  t y  1 ,  2 

o r  3� The g a s  flow was 30 ml min
-i

. R e sul t s are sh own in 

F ig .  3 ( 1 . 6 ) . 
Compre s s i ve s tr eng th i nc r e a s ed wi th d e c r e a s e  in the 

or i f i c e  s i z e  f or any pro te in c o n c en t r at i on ,  in a sim i l ar 

manne r a s  d id foam s tren g �h r ep 0 r t�d in 3 ( 1  a 2 ) . 
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pH 5 . 8 ;  bu1'fer 0 . 1  mol/l i tre sod ium acetare� .87);tempe ra ture  37°C ; 

1'1 �O ml ., -1 ga S ow j ;. m.ln • 

0 ---0 poro s i ty � s i n te r  

b. --/� poro si  ty 2 sinter 

0 -- 0 por o s i  ty 3 Rinte r 



( 3 )  Examina t i on or. c ompressty'e s trength of fo ams at  an -
e arl;y s tag£ in thp- i r  forma� ion .  

During the c ourse of the previous experimen t s ,  

i t  was ob s3 rved tb a t  when soluti ons of l ow protein  con-

centrati on were fo amed � the foam chamber  was fil:ec wi th 

f oam of a non·-unit'o rm ctruc ture . The upp er par t  of the 

f oam was composed. of small bubble s �  bene ath wh ich the 

foam was more  open in s truc tur e  �nd collapsed rapidly. 

On inc reasing the pr o t e in c oncentrat ion , the volume of 

th ick foam increased and the volume of open fo am 

d ecre ased . In order  to  de termine whe the r the ini t ial 

fo am p rryjuc ed from s olution s  of l ow pro tein c oncent ra t i on 

was S imilar in proper t i e s  to  the ini t i a l  foam produ ced 

from solut i 011s of high c onc ent rati on , a sens ing d i sc was 

s i  tua ted at the 1 5  ml vo lume mar-k on the foam chamber , 

and foam was gene rated to  the 30 ml mark . Re sult s for 

pro tein solut i ons in the range 0 0 003% - 0 . 1 0% \I'v Frac t ion 

1 pro te in foamed at pH 5 . 8  and at  .37 °C for d iffere nt 

poro s i ty �inters are shown in F ig .  3 ( 1 . 7 ) . 

R e sul ts ind i c ate  tha t foams are s linil ar at c oncen­

trs. t i ons above O e 008% 'v ' but a t.  lower  pr ote in concen­

trat i ons there was a progre ssive J.ticrease in compre s s iv e  

s trength �'/ i th increase in pro t e in c oncentr ation. The 

9 8  

compre ss ive streng th was lower at  thi s posi tion of the 

sensing d isc than when the d i sc was at the 60 ml po s i t i on. 

Th i s  i s  presumably due to  a d iffert'nce in the l iquid 

c on tent of the roam a t  the two po s i t i ons of the sen s ing 

d i sc .  More l iquid would have drained from the foam when 
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the feam front was at t he 60 ml mark than at the 1 5  ml 

mark and ccnsequent l;y t he f o am at the 60 ml mark is more 

r igid t han the foam at t he 1 5  ml mark , and would exhibit 

gre at e r  re si stance t o  it s flow p ast the sensing disc , 

giving a higher c ompre s s ive strength .  

The c ompre s s ive strength reached a maximum at 0 . 008% 

Frac t i on 1 protein for the poro s ity 3 s int e r , 0 . 01 2% for 

p o r o s ity 2 s inter and 0 . 04% w/v for the p orosity 1 sint ere d  

filt e r . 

( 4) The e f.fect o f  t emper ature on tz'-; c ompre s s ive strength 

and stress re laxat i on o f  prote in foams . 

Foams were gene�at e d  froQ prote in s o lut ions cont ain­

ing 0 . 02% w/v Fract i on 1 prot e in or 0 . 03% Fract ion 2 

prote in in 0 . 1  mo l/litre ace.t at e buffe r ,  pH 5 . 8  in the 

t e mperature range 5° t o  5000 .  

Re sult s are shown in Fig . 3 ( 1 .  8 ) and T ab l e  3 

( 1 .  1 ) . 

Compre ssive strength incre ased -,'lith incre ase in 

temp erature up t o  1 000 ,  remaineu constant from 1 0
0 t o  

25°0 ,  then de crease d  at t �mperatur e s  above 2 5°C .  

Stress relaxat i on incre ased with incr e ase in 

temp erature . The mo st persi stent foams were produce d  at 
low r.emperature s .  

( 5 ) The effe ct of 'pH o n  t he f o am propert ie s o f  pl 8.11t 

protein foams . 

Foams were gene rate d  from solut ions o f  0 . 03% w/v 

Fra ct ion 1 or 0 � 04% w/v Fract i on 2 p.r ot e in in 0 . 1  mo ll 

l itre acetate buffer �ver t he pH range 3 . 5  to 7 . 5 .  The gas 
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. -1 30 mJ. mJ,n ; poro s ity sir' ter 3 .  
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3 . -1 
flow was 0 ml mln , and the fqam was produce d  by 

di spers ing the gas t hrough a · p oro s i ty 3 s int&r int o 

the prot ein s o lution in the Laby app aratus . The 
, ......... . 

s e nsi�g �is c was s ituated at t he 60 ml mark and f o am 

was generate d  t o  the 80 ml mark . Re sult s are shown 

in Fig . 3 ( 1 . 9 ) . 

Compre s s ive strength was maximum at pH 5 . 8  and 

5 . 1  for Fract i o n  1 and Fract i o n  2 prote ins re sp e c t ive ly .  

This is in agre ement with the re sult s report ed for 

' foam streng�h ' me asurement s in 3 ( 1 . a 4 ) . 

Strength re laxat i on showe d gre at e st per s i s t en c e  

f o r  foams gen e r ated from s o lut i ons with pH ' s in t he 

range 5 . 8 t o  6 . 0  for Fract i on 1 prot e in , and in t he 

range 4 . 5  t o  5 . 4  for Frac t i on 2 proteins , though the 

latter were s t ab le ove r the pH raD.ge 4 . 5  to 6 . 3 .  

( 6) Re lat i onship between the c ompre s s ive strength 

of Fract i on 1 prote in foams and t he amount o f  

denature d Fract ion 1 prot e in in a fixed volume 

of foam as a funct ion of pH �  

Solut i on$ of Fractivn 1 prote in in 0 . 1  mol/l itre 

s o dium ace t at e  was foamed in t he pH range 4 . 0  t o  7 . 5  a s  

de s cribed in 3 ( 1 . b 5) . 

The amount o f  Fraction 1 prut e in denature d  on 

f o aming was me asured as the di fference in prot e in c ont ent 

?f the s o lut ion , at the pH cif the expe riment , b e fore
. 

foaming it and aft e r  foaming t he so lut i on t o  80 ml
' 

in 

the Laby app aratus , and allowing the f o am t o  c o l l ap s e . 

The Fract ion 1 prote in was de t e rmined u s ing the acryl­

amid3 ge l e le ctrophoret ic t e chnique in Chapter 1 .  

Re sult s are p lotte d  in Fig . 3 ( 1 . 1 0 ) . 
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burrer 0 . 1 mul/li t r e  sodium acetatEip.8,/) ;tempe ratur e  37°C ;  
gas fl ow �30 ml min -1 ; sint er por o s i ty 3 .. 

6. � Fra c t i on 2 pro t e ins 0 - 0 Frac t i on 1 pro t e in 

( a ) 
( b ) 

,.... 
c O:-(lpre s s ive s trength , C ""  g cm-" � 0:> 

t 1 t · ci -2 -1 
s re s �  re �a l on �  v r ' g em - see  

1 O)�. 
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I t "':caI1 be s een that the ame1J.nt o f , Frac t i on 1 prot e i n  

denatured o n  foam ing i s  c orre.lated with the comyre s s ive 

s t rength o f  the fo am . 

Fi g .  3 ( '1 . 1 0 )  shows a s harp max:i_mum at pH 5 . 9  in 

the amount o f  den atured Fract i on 1 in t he f o am .  Be l ow 

th i s  pH , t he amount o f  Fr ac t i on 1 pro t e in denatul'ed f a l l s  

r ap idly . This can be exp l a ined i n  terms of the l ow s o lu­

b i l ity -of  this prote in at  pH ' s  lower than pH 5 . 8  3 ( 1 . b .  8) . 
The prote in has aggregat e d , and i s  the re fore not pre se nt 

in s o lut i on in a form suit ab l e  for fo aming . The r e fore the 

f a l l  in -:;he amount o f  denature d prote in at pH value s 1)8 1 0w 

5 . 8  i s  not dL a to any decrease in the r at e  of denatu�at ion 

of  Fract i on 1 prot e in but  due t o  prot e in having aggre gat ed 

out of s o l ution as a pre c ip i t at e  prior to f o aming . 

( 7 ) Frac t. i on 2 prote ins d e n atured iD the ranELe pH 3 . 5  
t o  7 . 5  
Solut i ons o f  Frac ti on 2 prote ins ( 0 . 1 % w /v) i n  o .  '; 

: mo l/litre acetat e  buffer were foamed in t he Laby arp ara.t us 

' ,a,t pH value s , in the r ange 3 . 5  to 7 . 5 .  The prot e ins remove d 

from solut i on by sur f ac e  denat'lrat i on in p roduc ing the f o am 

were examine d  by acr;ilamide ge l e le ct rophores i s  o f  t he 

prot e in s o lut i on b e fore and afte r  foaming . The ge l s  were 

s t a ined for prote in wi th C6umas s i e  b lue ( Chapter  1 )  aLQ 

s c anned us ing a micr odensi t 0me t e r . F i g . 3 ( 1 . /1 1 )  shews 

the microdens it omet e r  trac i
'
ngs of  the s e  ge l s . 

( 8) The s o lub i l ity of Fract i on 1 and Fract i on 2 p�ot e in� 

a t  v a r i o u s  pH ' s . 
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(c ) 

Cd) W 
(e) 

FIG.  3 

( 1 . 1 1 )  

l!HCRODENSI TOMETER 'TRACING S OF PRO TEINS SEPARATED 

EY ACRYLAMIDE GEL ELE(;rnOPHORES I S  SHOWING 

FRAC T I ON 2 PROTE INS DENATURED ON FOAMING AT 

VAR I O US pH ' S  

( a) pH 4.  0 ; ( b ) pH 5 .  0 ; ( C ) pH 5 . 6 ; ( d ) pH 6 .  5 ; ( e ) pH 7 .  5 • 

T op l ine b e fo re f o aming ; B o t t om l ine af t e r  fo ami ng . 
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4i Solut i ons o f  p l ant pr o t e in s ( 0  . 1 %) d i s t:; o l ve d in 

0 . 1  mol/l i t re s od i'lffi acet at e  we re ad j u s t e d  t o  pH ' s  in 

t he range 7, 5 ./ . - 7 . 6 . The s o lut i ons we r e Q.-l l o\Je d  t o  

s t and at OOC f o r  3 0  minut e s  and c entr i fuge d at 1 6 , 000 g 

for 1 0  minl 1t e s t o  remove any aggre gat e d  prot e in . The 

op� i c al d e n s ity at 280 nm was me asur e d  on the sup e rnat e .  

Re sul t s  are plot � e d  in Fig . 3 ( 1 . 1 2 ) a s  the % opt i c al 

d e n s i  ty at 280 nm o f  7; he pro t e  in at t: ne p art i cu l ar pH , 

c omp are d  with the op t i � al deLs i ty o f  t he s o lut i on at 

pH '7 . 5 .  Fract i on 1 prot e in showed mi nimum s o lub i l ity 

At pH ' s  b e l ow 5 . 8 .  Thi s i s  t he pH e.t whi ch maximum 

f o am stre ngt h and pers i st ence a s  we l l  as maximum sur f a c e  

d e l 1 a"tiur at i on o f  t b i s  prot e in o c curs . 

Fract i on 2 pr o t e.in,� sl1.LJ\'J8d a s t e ady d e c r e a 3 e  ill 

s c lub i i ity over the r ange pH 7 . 5  - 3 . 5 ,  although m o s t  

of the prot e in w a s  pre c ip it at e d  in t h e  p H  r��ge 4 . 0  -

Summ ary 

1 • Fract i on 1 and Fract i on 2 prot e ins produ c e  f o ams 

o f  maximum ' foam strength ' ,  F s ' and c ompr e s s ive s t re ngth , 

C s ' and p e r s istence at pH ' s  c l o se t o  t he i s o e l e c tr i c  pH 

o f  the pr ot e lns . In the c a s e  o f  grac t i o n  1 prot e in ,  t he 

f o �� D aram e t ers ind i c at e maximum strength and �e r s i s t en c e  

a t  approximat e ly 5 . 8 ,  whi c h  i s  c l o s e  t o  t he i s o e l e c tr i c  

pH o f  the prot e i n  ( P on , 1 96.7 ) . 

Fract ion 2 prot e ins e xhib ited maximum Fs and Cs at pH 

5 . 1  t o  5 . 2 ,  al t h ough p e r s i s t e n t  foams we re �ene rat e d  o ve r  the 
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pH r ange 4 . 5 to  6 e 3 . Th i s  wi c.. e  pH r ange i s  pr'e sumably 

e xpl a i ned by the h e t e r og e ne ou s  na ture of the se pr o te il!s 

g i ving r i se t o  a ran ge of i s o e le c t r i c  pH ' s . 

Th e r a te o� d en a t u r a t i on and the am ount of d enatured 

prot e in in the foam ,  were al s o  max imum a t  the i s oe le c tr i c 

pH of F r a c t i on 1 pr o t e in . The c omp re s s ive s t reng th of the 

�oam w a s  c l o se ly rela ted t o  the amount of d enatured 

Frac t i on 1 �ro t e in in the fo am , and al s o  ind ic a t e s the 

r i g id i ty o f  the foam or i t s  r e s i s tence t o  fl ow pas t th e 

sen s ing d i s c .  

2 .  The l imi t ing c oncen t ra t i on s  requ i r ed t o  prod uce 

fo ams , o f  fo am tc l iqu id e xpans i on of 8/1 v/v and al so 

showing me a surab le s tr e s s  rel axat i on we re 0 . 02% '
v 

for 

Fra c ti on 1 p rot e in and 0 . 03% 'l'
v 

for Fr ac t i on 2 protein s . 

Increase in pro t e in c oncen trati on ab ove thi s  l imi t ing c on-

cent r a ti on prod uced an incr e a s e  in the pe r si s ten ce of the 

f o am ,  ind i c � t �d by a d e c r ease in the s t re s s  re l ax a ti on and 

an inc re a s e in the fo am re ten t i on volume , and a sligh t  

increase  in the comp r e s s i ve s tr ength of th e foam. 

3 . The mo st  pe r s i s ten t fo ams were produced at l ow 

tempe ratur e s .  Foam s trength fell to zero a t  tempe rature s 

ab ove 5000 .  
4. Bubb�e si z e  was sh own to be an extremely impor t a� t  

fac tor govern ing the foam s trength arfl c on�r e ssive s trength 

o f  foams . The smalle r the bubbl e  s i z e  the gre a te r  the 

s trength of the fo ams genera ted from a given pro te in c on-

cen trat i on . 

1 1 0  
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The g r ow th of 1) u1)1) l e s  in the rl.1Jnen c ould -n e an impor tant 
i'ac t oT' governing th8 f o rma t i on of r ume n  b l on t foams . An"jr 

fac t o r  preve n t ing c 0 21 e s c en c e  of bubbl e s  o r  l imi t i ng the 

s i z e of the generated b ub b l e s w ()uld f e.vour the fo rma t i on 

o f  H s t ab l e  f o am. 

'rhe L a.1JY app ar a t us \'las more u s e ful than the Mmgan 

appara tu s s in c e : 

( a)  :':'J. the · Laby appal's. t u s  f o ur p a r ame t e l' S  c ould 

b e  measured wh ich d e f ined m o r e  pr e c i se l y  the 

n a ture uf f o ams , wh e r e a s  th e Mang an app nra tus 

defined only one p aranie t e r .  

( b ) Th e t iMe d ep enden t v a r i ab l e  ( s t re s s  r e l ax a t i on ) , 

and the vo lume of l iquid r e t a j. ned in t h e  foam 

a s s o c ia ted w i th the d ena tur ed pr o te in gave a 

n� asure o f the pe r s i s tence of the foam. 
I t  w a s  dec id ed tha t s i nc e  the Mangan apparatus c ow. d  

r.. o t  offe r a n.y ad di t i onal in f orma t i on th a t was n o  t ob t a inab:te 

wi th L aby appa ratu s , and th at t h e  I-aby app a r a tus w ould b e  

more u s e ful i n  the s tud y of the ac t ion of f'oam s t ab i l i s ing 

and an t j. f'o arning ag8il t s  on pr o t e in :rO SIDS , the L aby appar a t us 

vl oul d b e  tIW o::1 ly sy-s t ern used in furthe r f'oam s tuG. i e  s .  

3 . 1 ( c ) The ac t i on of the pl a n � phe n Ql!Eh an o l ox id a se 

s)ff:J tem onJl an t pr o te in s and i t s  effe c t on the 

!o�mR gen e r a t ed from them. 
When extrac t s  of r e d  cl ove r a r e  made , th e s o lu t i o n s  

d arken rapidly i n  a i r .  Th e b rown p i gmen t  i s  a s s o c i a � ed 

wi t;-! E o lubl e p l an t pr o t e in s  , mt. i t  i s  imp o s s ib l e  t o 

remove th i s  p i gmen t from th e pro t e i n s . The pigmen t i s  



produc ed by the D c t i on of thc · p olyphenoloxi6 n s e  0nzyme 

on the pI an t phen o l  ic s ub s t r' C).  te to p:eoduce qu inone s .  

The clll :i n ons s C Hn r e 2 c t  \/ i t h  hyd r oxyl , sull)hyd ryl t o r  

am:Lno .func t i onal gr oup s  o n  the pr o t e j. n s  t o  produ c e  th e . 

p i gmen t ed phenol i c -pro te in cOr.1pl exc s .  

R id e al and. S chulman ( 1 939 ) sh owed tha t the 

phenol i c s  incr e a sed the r i g ic. i ty o f'  gl i ad in mono l aye r s .  

In v i ew o f  the f i nd ings o f  B r ovrn a t  al e ( 1 953)  tha t  

surface viscos i ty i s  import ant in d e te rlnin:i.ng th e 

s t ab il i ty of fo ams , the phe nol i c s con t a ined in l e af 

ex t r ac t s  c ould b e  impo r tan t in s t abi l i z ing plan t pr o-

te in fo am s .  

( 1 ) �.D3.1yses  .o:r:�acrylcunid e ge J. el e e; t r onhQ..re s i s  of. plan '� 

J2.henol oxid a8�Lphenol i c  sys tt;m . 

R ed c l o ve r le ave s were gro und i n t o  the fol l owi n g  

buffer s :  

( a ) K1)2 P04/N a2 HP04 ' pH 7 . 0 ,  i on i c  s t;reng th 0 . 1 , 

con taini ng 0 . 1 mol/l i tre me rc ap t oe thanol . 

1 1  ? 

( b )  The s ame b uff 3 r  c onta in ing in add i  t i on 1 O-L� mol/l itre 

s od ium d ie thyld i thiocarbamate t o  i nh ib i t  the ph e n c l -

uxf d s 3e enzyme . 

The l e a1' ex tra c t s v;e r e  centr ifug ed a t  1 6 , 000gfor' 30 

minu t e s  t o  sed imen t  the insolubl e  pl,m t fr agmen t s .  

Solut i on ( a ) turn ed d ark b rown ve ry rap idly wlle r e a s  

s o lu t i on ( b ) r emained pal e  yel l ow i n  c ol our , indi c � t i ng 

tha t  pheno l ox i d a s e  wa s ac t i ve in so lu t i on ( a ) but i n a c t i v e  

in f: o .!.ut i on ( b ) . 
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Equal volume s of ( a ) and ' ( b )  were mixed and de s lg-

n a t e d  as s olut ion ( c ) . 25 mm3 of s o lu t i ons ( &) , ( b )  and 

( c )  were sUb j e cted to acrylamide ge l e l e ctrophore s i s  

( Sect ion 3 - 1 . a ) and the ge l s  stained for pr ot e in with 

C ouma s s i e  blue . Phot ographs and s c ans o f  the ge l s  are 

sh .)1Nn in Fig . 3 ( 1 . 1 3 ) . 
It c an be s e en that the re sult o f  int eract i on 

b e t w e e n  Fra c t ion 1 pr ot e in and t he ptBYl o l oxidase system 

was to incre ase the mobility of the prote in in t he ge l .  

The mixed s ample shown two di s t inct Fra c t i on 1 prote in 

b ands . The b and o f  higher mob il ity corre sponds to t he 

Fract ion 1 pro t e i n , as soci at e d  with the product s o f  p o ly-

ph9n o loxida s e  act i on , and the s l owe r  moving b and c orre s -

p onding t o  the Fra c t i on 1 pro t e in of the system in whi ch 
. "  .�. - - -

t he pheno l oxidase en zyme wa s inhibitel by sodium d i e thyl-

d i  thi o c arb amate . 

The diffe re nc e  in mob i l ity c an be explained by t he 

Fract ion 1 pheno l c omplex having a gre at e r  ne t ne gat ive 

ch arge distribut ion on the mo le c ule than t he natural 

Fra ct i on 1 protein at the pH ( 8 . 6 ) of the ge l ,  due t o  

the ioni z at i on o f  the hydroxyl group s  on the phenolic 

m o l e cule . 

The act ion o f  the - pheno loxida s e  syst em on the Fract i on 

2 �;r o  c e ins was t o  change th�. pro t ein p at t e rn on acryl amide 

gel from a s erie s of we ll d e fine d bands t o  a sme aring of 

protein throughout the gel . " Thi s could arise from 

phe no l i c s  b inding t o  differ e nt d e gre e s  t o  the prote ins , 

pro d u c i ng fro� u s ingle prote in a seri e s  o f  
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F I G .  3 

( 1 .  1 3) 

a 

b 
1 

I a 

2 

THE A C T I ON OF PHENOL!PHEN..QLOXIDA SE SYS'I'EII;� m.£ 

rrHF. SOLUBLE LEAF PP CTE I N S  

( a ) phenoloxidaae ac t ive 

( b )  phenf)lox idas8 inh ib i  ted w i  th 1 0.-4 mol/litre SDDC 

( c ) equaJ. volume s of' so luti ons ( a) and ( b )  

2 i s  pho t ograph 1 l1nderexpo sed to show more clearly the 

two Fract i on -1 band s in sp",,"Tlple ( c ) 

1 1 4 



,a,s soc i o.t ion p rodu c t s of d i ff ere n t  ' charge dens ity and 

d i f fe rent molecu l a� �imensi on s . 

The phenol!phenoloxidase system �a s t here f ore 

mod,i f i e d  the n ature. of the p l ant prote ins , and could. 

p o s s ib ly aff e ct t he ir f o am prop ert i e s .  

( 2 )  The influe n c e  o f  the pheno l oxidase interact i on 

�ith plant pro t e in s  on t h e  f o am parameters o f  

f o ams de rive d from them . 

P l ant prot e ins were p rep ar e d  from r e d  clover a s  

de s c rib e d  in Chapt er 1 ( 2 .  a ) . 30lu�ions o f  Frac t i on 1 

or Frac � i on 2 prot e in s  c ont � ining 1 mg m l - 1 in 0 . 1  m o ll 

l i tre ac et at � buffe r , pH 6 . 5 , were incub at e d  with an 

amount of red c l over pheno l i c s  t '.)  give an e quiva l e nt 

pr o t e in/pheno l i c  rat i o ,  t2, t4u�
. 

found in the plant . Afte r  

add it ion of t hree unit s o f  phenol oxidase ( mushroom s ourc e , 

Calb i o chem ) , the s amp le s were incub a t e d  at 300 C for 1 hour . 

All !l1e asu.:cement s of  f o am p arame t e r s  were made in t he 

L aby app a r at u s  at 3 7°C and pH 5 . 8 .  'I"Lle gas flow was 30 ml 

min-1 Fo am was gene r at e d t o  t he 80 ml mark and the 

s e n s iug disc was s it u at e d  at the 60 ml graduat i o n . 

The fo anis gener ated from the p l ant prot e ins tr e at e d  

w i t h  the pheuol/pheno l oxidase sy s t e m  d i f fered f�om t ho s e  
-

from the naturel p rote ins in the f o llowing re sp e ct : 

( 1 ) �he limit ing conc entrat i o n  of Fract ion 1 prot e in and 

Fr'act i on 2 prote ins re quire d t o  produc e s t able f o am s  wer e , 

0 . 02% and O . 03%w/v for the natur a l  pro t e ins and 0 . 0 3% and 

0 . 02% re sp e c t ive ly for the t r e at e d  p� o t e i ns . 



( 2 )  In the c oncen trat j ons ra..Tlge 0 .. 05% t o  O G 1 0% ,  

stress  relaxation and fo am re ten t i on volume ind � cated 

that the trea ted F rac t i on 1 pro te in produced sl igh t ly 

l e s s  per s i s ten t foams than the na tur al p r c te in , 

whe reas the treated Frac t ion 2 p ro t e ins  p roduced 

sl i ghtly more pers i s ten t foams than the natural 

Frac t i on 2 pro te in s .  The compre s s ive strength o f  the 

tre a ��d pro te in foams was reduced from 4 . 5  to 3 . 7 g 

cm-2 for  0 . 1 %  Frac t i on 1 prote in foams whe reas the 

c ompress ive s trength of the Frac t i on 2 prote in fo ams 
-2 % W h ad co�pre s s i ve s trength 3 . 3 g cm for 0 . 1 °0 % v 

t reated and na tural prote in f'o ams .. 

1 1 6  

3. 2  The f.£aming pro12e r t ie s  of' pro tozoal and 3 B.l i var,y pro te ins 

'l'he o ther prote ins th at c ould have c ontributed to 

the high percent age of prote in found in the rumen f'o am 

( Bartley , Basse t te , 1 961 ) are tho se f'rom the an imaYs 

s al iva and from the contents of' the hol o tr ich pro t oz oa 

afte r lys i s .  

Mangan ( 1 9.58)  d emonstrated that submaxill ary muc o-
protein produc ed very pe r si s ten t  foruns of low foam 

s trength.  

Clarke ( 1 964) ob served a sudden decre ase in  tho 

holo tri ch populati on when cattle were stall-fed l ush 

bloat-produc ing red cl over.  The holo trich pro toz o a  

have a n.e t s.bolic abnorma l i  ty whereby in the presence of 

excess sub s trate , they are unable to s top synthe s i z ing 

reserve polysaccharide ( Sugden and Oxford , 1 952 ) .  When 



( a ) 
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S LJ G f.U' S are r el e a s ed i n  t o  the r U1Ti'=:11 . 'Th o h o l o t r i  ch 
pr-o t o z o a  fe e0_ o n  th e s o luble sug a r s  t o  such an ex te n t 

th a t  they b ur e t  rel e a s ing the i r  c on t en t s  i n t o  tho rume n .  

I t h a s  b een sugge s t ed ( Clarke � 1 96C ) th a t th e F:e s o lub l e  

c on t ent s , b e ing high in pro te in s o ould as s i s t  i n  

shi f t ing tte b al nnce b e t'Neen f o arn ing ano. 8.IH i -fo mning 

agen t s  in t.h e  rumen in favou.''' of the b l oa t ing c o nd t t i oJ). . 

I t  v{ould app e a r  th a t  the s al i vary pr o t e i n s and t. b e  

pro t o z o a l  :rl� O  te in s c O-:lld b e  imp o t' t an t f a e  tOl' s l.nvo l ved 

in the b l o a t  syndr ome and the !' e f o r e  the i r  f o am i n g  

pr ope r t ie s we r e  s tud i ed in th i s  ch apte r .  

'.rhe effe c t  o f  c o n c en t r a. t i on on th e foam DI' o p e r  t. i e s  of 
_. .J • .  _ 

t h e_. s a lj_ v a�: .. s e c re t i on 8  and. the .]r o toz oal .. m:o te in§ 

w a s  s t ud i ed. with th e mat e r i a l s  p.r e p a r ed as d e s c r ibed in 

Chnpt e r 1 ( 2 ) . S o lut i on s  of sal i val�Y muc opro t e in ,  

uc sophageal muc in , and pr o t o z o a l  p ro t e in s  were fo amed 

a t  v a rying c on c en t r a t i ons in th e Laby appar a tu s  a t  pH 

5 - 8 ana- at 37°C . Th h I ' d ' d '" t _ e oe s op agea mUC l n  l no v gene r a  e 

s t ab l e  foams und er the s G cond i. t i on:::> . R e s ul t s  for the 

c ompr e s s ive s tr eng th and s tr e 3 s  r el axa t i on of th e se . 

foams are g iven in F i g .  3 ( � .  1 .  a.  b . ) .  The sal ivary 

muc opr o t e in c o uld p r od uc e  p e r s i s t en t  f o ems of' l o w  

c ompr e s s ive s tr eng th .  The minimmn conc en t ra t i on o f  th i B  

ma ter ial r e qu i r ed t o  produc e full c o l umn s  of foam h av i ng 

me a su r ab l e . s tr e s s  r e l a.x.;I t i on '':'' a 13  npp rox j ma t e ly 0 . 01 S% v/v. 
A t  c oncent r a t i on s  of muc opr o t e in above 0 . 02% , the 

c .Qu!pr e s s i  ve s tr ength r ema i ned c o n s  t an t .  

Pr o t o z o 8.1 pr o t e i ns producec.. s t ub l e  foams s i mi l ar in 
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charac te r' to the pl ant proteL'l  roams . Compre s s ive s t r ength 

inc re ased and s tre s s  re l axat ion de c re a sed over the 

concentr a t i on ra�ge e x am ined . 

( b )  The e ffec� o f  £H on th e fo aming prope r t i e s  of sal ivarl 

and £ro to z o��_�o�e ig� .  S o lu t i on s  o f  0 . 04% b ov i ne 

sal ivary muc u pro t e in and 0 . 06 5% pro toz o al pr o teins in 

0 . 1  mOl/I i tre sod i um ace tate  buffers were foamed in 

the L aby apparatus  over the pH range 4. 0 - 7 . 6 .  

R e sul ts  for s tress relaxa t i on and c ompre ssive s trength 

measurements  are shown in F ig .  3 ( 2 . 2 . , a .  b . ) 

The c ompre ssive s trength a nd stress  relaxa ti on of 

the sal ivary mucoprote in fo ams were no t affec ted by 

chang e s  in pH over the ent i re pH range examined . Th3 

protozoal pro te ins however produced foams wi th para� 

me ter s wh ich were dependant on the pH of the solu t i on.  

C ompre s s ive s trength or-' these fo ams incr e a sed rap id ly 

w i th decre ase in pH bel ow pH 6 . 5 ,  lev�ll ing off at 
pI 5 . 5  - 5 . 9 ,  then increas ing and levell ing off again 

at pH 5 . 0 - 4. 0 .  Stress  relaxat i on ind icated a 

m8ximum p e r s i s tence a t  pH ' s  cl ose  t o  5 . 9 .  S tr e s s  

relaxation increased r ap id ly below pH 5 . 2 .  

Summary 

Salivary mucopro tein foams are chai.'ac ter ized by the 

fo llowing prop e r t i e s .  

1 . They produce foams of l ow c ompressive s trength 

and low s tress relaxation.  

2 .  They are unaffec t ed by change s in pH over the 

range pH 4 . 0  - 7. 6 .  
Pro t o z oal pro te ins behave more l ike the plan t  proteins 

produc ing foams that have h igh compressive streng th and 
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l ow s tr e s s  relex�t i o n s  A l s o  the pr o t Gz oal pro te i n s  

s h ow max imurn pere i s ten c e  a t  pH ' s  c lose tu pH 5 . 9  and 

maximum compr e s si ve s trength a t  pH ' G  b e l ow 5 . 2  . 

• 
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CHAPT�.J.t 

STUD I E S  ON R UMEN LIQUOl1 

TI ep o r ts conc e rn�ng the prope r t ie s  of rumen foam s have 

been v e ry spar s e .  M angan ( 1 958 , 1 959 , 1 962 ) showed. th a t  the 

foams g ene rated in vi t r o  fr om c rud e rumen l i quor we re of 

very l ow foam s trength. The cen tr i fuged rumen l iquor pr o ­

duc ed f o ams o f  a hi ghe r foam s t reng th w i th a max imum value 

at pH ' s  c l ose t o  5 . 7.  
L ab y  ( 1 969 ) r e pu r t ed tha t the par ame t e r s  of rume n 

fo ams me a sured in h i s app a r a tus showed the foams to b e  o f  

l ow c o mp r e s s ive s tr ength b u t  of h i gh per si s t ence . 

I n  the p rev i ous C hapt e r  of thi s the s i s ,  th e foam ing 

prope r t ie s  of the sol ub l e  plant and animal pr o t e ins w e re 

s t ud i ed ,  and in this C ha p t e r  the proper t i.e s  o f  the r umen 

fo ams generated in v i t r o  w i l l  b e  exam ined . 

1 2Li 

Animal s were graded for bl o a t  seve r i ty ac c u rd ing t o  

J ohn s ( 1 954) . Ten d ry :f i s tul a t ed c ow s , includ ing four pa i r s  

of iden t i c e.l tw in s ,  were exam ined ove r a per i od of two year s .  

The an imal s were s ta l l-fed tw i c e  d ai ly on a pure s tand of 

red c l o ve r , a t  9 . 00 am ,  and 1 . 30 pm for 2 hour s , and s t a rved 

in b e twe en f e ed s . 

Prefe ed s amp le s  of rumen l iquor were t aken � hour 

b e f o r e  morn ing fe ed ing .  After feed s amp l e s  were t aken t - � 
hour after f e ed ing h ad c ommenc ed .  S arllple s  ( 1  I i  tre ) we r e

' 
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taken v i a  the rumen f i s tula and s quee z ed thr ough two l aye r s  

o f  che e s e  cl o th ,  i n  ord e r  t o  remove l arge pl ant fragment s 

and c o ol ed i n  ice . Th i s  was te rmed r umen l i qu o r ( RL ) . 

C en tr i fuged rumen l i quor ( CRL ) was ob t s. in ed b y  c en tr ifuging 

th 3 :;:oumen l i. quor at 30 , 000 g for 60 minute s .  

4. 1 The f oami ng prope r t i e s of rumelLl�9.uor were d e termined 

at 37°C in the L aby appara tus . I n  the s e  stud ie s , 

the sen sing di sc a s s embly we ighed 4 . 5 g ins tead of 

the u sual 1 0  g,  and the s en s i t ivi ty ran ge o f  the 

s train guage/re c o rd e r  a s s embly was inc re ased t o  give 

full scale defl e c t i on on the re c o rd e r  fo r the w e i ght 

of' the s en s ing d � sc .  

In the 1 96 8/1 969 sea s on ,  diff e re nce s wer e  ob se rved 

in the foam pr ope r t ie s  of in vi tro gene rated f o ams 

d e r ived f r om rumen l iquor o f  b l o a t ing and non-b l oa t ing 

anima l s .  

- 2 C ompre ssive s tr ength var i ed f�om 0 . 3 - 0 . 8 g cm 

the ma j o r i ty of the r e sul t s b e i ng c l o s e  t o  0. 7 g cm-2 ,  
-2 for the non b l o a t  sample s and 0 . 6 - 1 . 5 g em , 30 

out of 42 re sul t s  b e ing 1 .. 1 - "1. 3  g cm-2 for the b l oa t 

, 

samp le s . s tr e s s  r e l axa t i on was ext r emel y  l ow for the 

b l o a t  sample s  h avi ng value s in t.he r ange 0 - 0 . 3  x 1 0-3 g 

cm-2 sec-i . The r e sul t s  fo r the non b l o a t  sampl e s  

ranged from 0 . 2 - 0 . 9  x 1 0-� cm-2 s e c-1 ,  mos t  v�lue s 

b e ing close t o  0 . 6  g cm-2 s ec-i . 

In the 1 96 9/1 9 70 peri od the d iffer ence s ob served , 

in the 1 96 8/1 9 6 9  p e r i od ,  b e tween the b l o a t  and non-b l o a t  
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foams were not as c : e ar . Most s amp l e s  had (;ompre s s ive 

strength coe ffi cient s of 0 . 9  g cm-2
, s tre s s  re lax at i on 

of 0 - 0 . 4 x 1 0-3 g cm-2 sec-1 , and foam ret ent ion vo l ­

ume s of 2 . 0 - 3 . 0 mls . Difference s were observe d in 

the parameters - of the foams derive d fro m the ��imal s o f  

high suscept ibil ity t o  bloat , 1 1 9 ,  1 20 ,  on days when 

t hey did or did not b l o at . The compre s s ive strengths of 
-2 t he s e  foams were in t he range 0 . 6 - 1 . 1 g cm , the 

stre s s  re l ax at ion was between 0 - 0 . 3  x 1 0-3 g cm-2 

sec - 1  for th2 bloat s amp l e s  and 0 . 3  - 0 . 7  x 1 0-3 g cm-2 

-1 sec  for the non-b l o at s amples . The foam retent i on 

volumes varied from 1 . 5 - 2 . 2  ml for the non b l o at s amp -

le s and 1 . 9 - 3 . 0 ml for the bloat s anp le s .  The se r e sults 

indicate a differenc e  in -the persistence of the b l o at 

and non-b l o at foams . 

The foams generat e d  in vitro derived from t he non-

b l o at ing rumen liquor o f  animal s of l ow suscep t ib i lity to 

blo at did not show any s i gT.l ificant differences in proper-

t ie s  to the foams that were generat e d  from bloat ing rumen 

l iquor o f  the high sus ce:ptible animal s .  

l� . 2  The e ff e c t  of pH on the foam parameters o f  rumen fo ams . 

Rumen liq'lor s ampJ,.e s _were foame d in t he pH range 

3 . 5 - 6 � 8 ,  in the L aby apparatu s and t he c ompre s s ive 

strength and stre s s  re l ax at ion me asured . Result s are 

shown in F ig . 4 ( 2 .  a . , b . ) . -

Compre s s ive strength was maximum at pH 4 . 0  in al l 

c ent rifuge d  and uncentrifu ge d  sample s whether or not 

bloat had oc curred . Stre ss re l axat ion 
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F IG. 4 

( 2 . a) 

THE EFFECT OF pH ON THE C OM�E S S IVE STRENGTH OF FOAMS 

DERIVED FROM RUMEN LIQ.UOR 

temperature 37°C ;  ni trogren flow rate 30 ml min-1 ; 

poro s i ty 3 s inter . 

x--- X 
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o,f �t he f08.ID , when the compre s s ive strength was at a 

maximum v2.lue , was very high indicating the fcam vras 

of  low pers istence . 

In addit ion t o  the maximum at pH 4 . 0 ,  a furthsr 

maximum of compre ssive strength o ccurred at pH 5 . 6  - 5 . 8  

in the C2.se o f  s amples  taken after feeding . 

Strp, s s  re l��at ion of the above foams was very l ow 

at pH ' s  above 5 . 0  but inc!'eased rapidly be low thi s pH . 

The foam ret e nt ion vo lume de�re ased below pH 5 . 0 .  

Centrifuged rumen sample s c onsistent ly showed a 

c ompre s s ive strength maximum at pH 5 . 1  t o  5 . 4 .  The C Olll-

pre ssive strength of the c entrifuged samples  was higher 

th an that of  the uncentrifuged s ample s .  Centrifugation 

of the s ampl e  decre ased the persist ence of the foarr,s 

that could be generated . 

4 . 3  The e ffect of t e mpe rature on the foam parameters of 

rumen foams . 

Rumen l i quor from bloated c attle was divide d int o 

two port ions , one of  which was centrifuged at 30 , 000 g 

f6r 60 minute s  t o  sediment the particul ate  mat erial . The 

s o lutions \vere foamed at different t emperature s in t he 

50 
_ 4 c::.°C .  range ) Re sults a!'e sho\rn in Fig . 4 ( 3 ) . 

The compre ssive strength o f  the centrifuged r:lm'3n 

foams incre ased  with incre as'e in temperature . 

The compre ssive strength o f  the unc entrifuged rumen 

foams was cor:.st ant up to 1 5°C ,  de cre ased  rapidly betwe e n  

1 5  t o  20°C and above 2?oC remained cr nst ant . 

The stre s s  re l axatiol�  o f  the foams  produced from 

th,:: i.:..ncentrifuge d rumen l iqu or incre ased suddenly at; 

1 5°C ,  remaine d c onst ant up t o  35°C and incre ased rapidly 
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The s t re s s  re l axat i o n  of t he fo ams derive d from 

the c e �t r i fuged rumen l i quor w a s  una f fe c t e d  by t e mp e r a­

tur8 change s from OOC t o  40 ° C but incre a s e d  with incre ase 

in t e mp erature ab ove 40 0C .  

4 . 4 Att empt s t o . change the char acte r i s t i c s  o f  rumen f o am s  by 

add i t i o n  o f  Fract i o n  1 pr ot e i n t o  t he rumen l i q u o r . 

T he f o aming prop ert i e s  o f  rumen }. i qu o r  have b e en 

shovm t o  b e  very diffe re nt from tho s e  o f  the p l ant and 

prot o z o al prot e in s . T he o nly s im i l a�ity has b e e n  t he 

ob s e rvat i on t ha t  t hey have c ompre s s ive s t r e ngth max ima 

at appr ox im at e ly the E ame pH . This would sugge s t  t hat 

whi l e  the s e  prote ins are c ontribu.t ing to 3 0me ext ent t o  

t he f o am pr op e rt i e s , o t he r  s:u..cf ac t ant s are pre s e r.Lt in 

the s ur f a c 3  f ilm . To d e t e rmine how e ffe c t ive t he s e  

o t he r  surfact ant s we re i n  c ont ro l l ing the prope r t ie s o f  

the b l o at fo am , Fract i on 1 p rot e i n  was adde d  t o  t h e  rumen 

l i qu o r , and t he mo d i f i e d  rume:'1 l i quor fo ame d . C omp:e s s -

ive s t r e ngth , stre s s  re l axat i on and f o am ret e nt i on v o lume 

me a sureme nt s were made on t he s e  f o am s . 

The 8 d d it ion o f  Frac t i on 1 pro t e in d i d  not a l t e r  

the s t r e s s  re l axat ion n o r  t he f o am r e t e IJ.t i on vo lume of 

the b l ,o at f o ams . Compre s s iv e  s t rengtr o f  t he f o ams was 

. -2 -� , 
S l l �ht ly incre ased from 1 . 1 g cm t o  1 . 2 5 g cm - f or 

add it i on o f  0 . 02% Fract i on 1 pr o t e i n , and inc re a s e d  t o  

-2 , 
1 . 7 g cm when the rumen l i qu or was made 0 . 2% in Frac-

t i on 1 prot e in . 0 . 02% and 0 . 2% Frac t i on 1 pro t e in in 

0 . 1  M s odium a c e t at e , huffe red to the pq of the rumen 

l iquor wit h  ace t i c  ac id , gi� e r i s e  to f O �lS o f  c ompre s -

L 5 - 2 
. 1 s ive s t r e ngth 3 . 6 and � .  g cm re sp e ct lve y .  
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:t:.,umen \7 [:, 8 d e t e rmined by a c ryl am:l.de gel el e c t r o phope s i s 

and � t a ::i  n ing w 1 th c oumas s i c:  b l ue ( J\f: e thoa.s , Chap t e l '  1 )  0 

Rumen sampl e s  we:'e c en t r ifuged at 30 , 00 0  g for 

60  m inu t e s  and 1 00 mm j of th e supe rnate e xo.m i ned f o r  

F r ac t i on 1 pr o t e in . The l e v e l  of Frac tion  1 pr o te in 

var i ad fr o� 0. 0008% t o  Oe 025�o Th ere did not app e ar 

t o  be any c orre l a t i on b e tween t h e  l evel of F r s.c t i an 1 

pro tein in the rumen l i qu o r  and bl oa t o c c urr en8 e .  The 

1 32 

an ima l s  that we r e  highly susceptible to b l o a t  usu&lJ.y 

h ad l owe r F r ac ti on 1 l eve l s th an th� l ow sus c e p t ib t l i t y  

an i mal s .  Even the h ighe s t l evel of F r a c t i on 1 pro t e h! 

found c O'l':ld not explain the high persis tence of the 

bl oat. f o am ::> . 

I t  i s  p os s ib le that th e l ow l evel of Frac t i on 1 

pr o te in :fou..nd in the b l o a t ing rumen l i qu o r  i s  d ue to  

the protein hav ing alre ad y b e en sur f a c e  d en a tu red ( f 0am 

was pre s e n t  in the rume n ) . In view of the f ind ing s in 

par t 4. 3  o f  th i s Chapter ,  tha t  addi t i on of Fra c ti on 1 

t o  the rumen l i qu o r  mad e ve ry l i t t l e  d i f fe ran ce t o  the 

compr ess ive strength of the :rorun, thi s hy� o the s i s  is 

_ d o ub tful . However , to examine the relat ive ra t e  of' 

denaturat ion of' F r ac t i on 1 p r o te in in rumen l :i. qu o r  as 

oppo sed to i t s  r a t e  of d en a tura t i on in ac e t a te s o lu t i on , 

+-h e fo l l ow i ng expe rimen L was �; a r." i ed ou J; .  

Rumen l iq u o r  from nOI1-1"I l o a t ing and b l o a t j n g  eo u i :nal s 

w e re made 0. 02% in F rac t i on 1 pr o t e in. The pH was 



ad justed , by addit ion o f  ac e t i c  ac id , to 5 . 8 ,  at whi c h  

maximum surface denaturat ion .o c curs , and the s anple s 

foamed. in the Laby apparatus . . Fract i on 1 prote in c on­

ce ntEat ioD was de termined be fore and aft er foam ing and 

the difference t aken to be the amount of prot ein surface 

denature d .  The amount den2 tured w&s cons i stently 24% 

W i  o f  the amount denatured whe n 0 .02% I v s o lut ions o f  

Fract i on 1 prot e in in 0 . 1  mol/l itre ac e t at e  buffer were 

foamed in the Laby apparatus under the s ame c ond it i ons . 

The s e  re sult s the re fore ind i c at e  that the low leve l  o f  

Fract ion 1 pr'ot e in i n  rumen. l i quor c annot be t o t ally 

e xplaine d in t e rms o f  it s ' surface denaturat ion . 

Another exp lan at ion i s  that the prot e in i s  be ing 

rap idly de graded or pre c ip itat e d  in t he rumen .  To t e st 

thi s , t he rat e  o f  removal o f  s o luble prot ein from t he 

rumen l i quor was examine d as f o ll ows . 2 g of Fract i on 1 
prote in was d i s s o lve d in 1 l itre o f  art i f ic ial s al iva 

� �McDougall 1 948 ) and warmed t o  39°C .  Th�s was incub at e d  

at 39°C with 1 l itre o f  pre fe e d  rumen l i quor in the 

ar t if i c i al ferment ors de s cribed by Clarke ( 1 969 ) . Samp le s 

we re removed at '�  hourly int ervals over a period o f  3 

hours , centrifuge d at 71.1- , 000 g f or 30 minut e s , and ana l ­

yse d  for Fr�ct i on 1 prot e in by acryl amide ge l e le ctro­

phore s i s . Fu�the r experiment L were c a�r i e d  out u s in g  

mince d  r e d  c l over ( 500 g thct had b e en mac erat e d  in a 

c omme rc i al me at mincer ) in place o f  the Fract ion 1 

prot e in .  Re sul t s  showed that a rapid removal from 

s o lut i on of Fraction 1 pr otein had o c curre d , and t hat 
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t he prote in could not b e  det e cted in t he rumen s amp l e  

aft e r  a period of 90 minut e s  incubat i on . The se re sult s 

are suff i c ient t o  exp l a in the l ow l eve l o f  Fract i on 1 

prote in found in the rumen . 

( b )  Calc ium leve l s  in rumen l iquor we re determine d on 

30 samp le s  of rumen l i quor by at omic ads orpt i on spe ctro-

photomet ry as de s crib e d  in Chapter 1 of t his sect i on . 

The leve l o f  c al c ium in the solubl e  fract i on range d  

from 200 ppm t o  400 ppm . There did not appear t o  b e  any 

c orre lat i on betwe en t he c alc ium leve l s  and the o ccurrence 

of bloat . 

The amount o f  calc ium bound t o  t he high Illo le culd.I' 

.
. 
we i ght so luble fract ion (MW gre at er than 50 , 000 ) was 

app roximat e ly 25% o f  t he t o t al s o luble calcium in all 

s amples  analysed . The high percent age o f  calcium bound 

t o  the high mol e cular we i ght m aterial might be a s igni fi­

c ant fact or in the s t ab i l ity o f  t he rumen foams (MBllgan , 

.:.1 959 ; St ife l  et al . 1 968b ) . 

· wer-e 

F o am fra cti onat i on expe riment s ( Chapter 1 ,  Methcds ) .  

carried out on ten o ccas ions on rume n l iquor t ake n 

from an imal s i hour a;ft er feeding on red c lo\rer had 

c ommenced . On 5 o c c as ions b l o at o cc��red and on t he 

others no blQat was observed . 

The foam and rumen liqu( r were analysed for prot e in 

nit rogen , t ot al hexo s e , starch and l ipids on a dry we i ght 

. basis . Pe ct in c ould not be de t e rm ine d b e cause the back-

ground colour of the rumen l i quor interfe red with tt.e 



c o J .orimetric e s t imat ion . 

The level of st arch was t he smne in the rumen 

J. iql lor as in the foam . The concentration of prot e in 

nitrogen in the foam was e ithe r  the same or lower than 

in the rumen liquor . T ot al hexo se was l o wer in t he 

fo am. than in the rumen liquor . LilJic.!.s had concentra-

t e d  in the foam approximate ly 2-2� t ime s . In gene ral 
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the l ipid c ontent of �he first 50 cm3 o f  foam from the 

b l o at ing anirrlal had incre ased from 7% in the rumen l iquor 

t o  1 7% i� the foam but the lat er foam fract ions c on­

t ained 1 4% l � pid . The non-bloat sample s incre ased t o  

1 4% in al l foam fract ions . The l ipids were examined by 

thin l ayer chromatography for polar and neutral l ip ids , 

us ing the s olvent s d e scribed ih the methods section . 

Equal we ight s of free ze ·-dried rumen l iquor and 

foam fract ion were extracted for total l ipid and the 

: extracted l ip ids dissolved in 1 ml of  chloroform . The 

;li:V id extracts ( 25 mm3 ) were appl ied . to  t hin layer 

. p l ate s and s eparated as de s cribed in Chapter 1 of  this 

�he s i s . Fig . 4 ( 5 .  c)  �hows typical thin l ayer chrom­

atogram s o f  the neutral l ipid s � 

The maj or l ipids pre s ent in rumen l i quor and foam s , 

were the neut�al lipids an� I l ng chain fatty acids . The 

fre e fatty acids and materi.o l which hao. not moved from 

toe origin in the neutral lip id separat :i_on app e ared t o  

have concent rated in the foams from both the bloat Rnd 

n on -b l o at s ample s .  The major band which ran cl ose  

behind the diglyceride s had cOT1 �entrated in the bloc:.t  



F I G .  4 

( 5 .  c. ) 

FA MG DG R 8 L  R B F R N L  R N F  TG 

TH I N  LAYER CHR OMATOGRA PhY OF THE NEUTRt..L LI PIDS 

'l'HAT CONCENTRA TE IN THE IN V I TR O  FOAM 3 DER IV1'� 

FR OM R m!.EN LIQUO� 

( a ) The ne utral l ip id s  

FA F a t ty a c id s ;  DG D iglyce r id e s ; MG M on oglycerid e s ,  

TG Tr iclyc e r id e s ;  RBL Rumen B l o a t ing L i qu o r ; 

RBF Rumen b l o a t  f o am ;  RNL Rumen l i qu0r ( N o  bl o at ) ; 

RNF Rumen foam ( n on b l o a t ) . 
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f o am but appe ared t o  have G.e c �·e ased in the non-b l o B.t 

fo am .  This material was ident i fied as st e r o l  glyco s ide s .  

The p o l ar lipids were le ss  prominent . A we a1{ band 

c orre spond ing t o  phosphatydyl chol ine was ob se�'ved ill 

s ome samp le s . Other b ands o f  l ower mobi lity were ubs erved , 

the maj or band corre sp onding in mobility t o  the sulpho ­

l ip id though it s ident ity was not c onfirme d .  This material 

d id not I3.ppe 2.L' t o  conc e ntrat e in t he f o am although there 

was L.:.s11l3.l ly a higher concentrat ion of it in the non-b l o at 

s amples . 

C d )  Examinat ion o f  the s o lub le fo aming agent s  in rumen 

l iquor . The concentrat ion o f  Fract ion 1 protein in rumen 

l i quor has � J re ady b e e n  dis cussed · 8nd. shown t o  be ins uffic­

i e nt to acc ount for the  p e r s i .st ence of  the rumen f o ams . 

It was ob serve d that other proteins we re pre sent in the 

rumen l i quor o f  t he b loat ing animal s . and that the se  were 

al so denature d in fo ams . The following e xperiment s were 

de signe d t o  i s o l at e  t he s e  prote ins and t o  try t o  identi fy 

the:n . 

Rumen liquor was t aken from c at t l e  � hour aft er 

feeding and c entrifuged to remov e the p art iculate mat e rial . 

The c le ar sup ernat e was adjust e d  to pH 5 . 8 ,  wit h  ace t i �  

acid , and fo ame d in the Lab� apparatu s t o  characteri z e  it s 

fo ami�g propert ie s .  1he remainder of the liquor was made 

60% w/v in ammonium sulphat e  and t he pre c ip it at e  c o l le c t e d  

by centrifugat i on .  The supe rnate would not sup�ort fo am 

and was disc arde d . 
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The pre cipit ate was redissolved b y  dialysis ( 3  x 

1 0  litre s )  against acetat e  buffer , pH 7 . 6  ( 0 . 1  mol/litre ) 

cont ai:::ling '1 0-4 
mol/l itre mercapt oethano l . The solut ion 

was stored at -70o C .  The s o lution , on diluting t o  it s 

original concentrat i0n in the rumen l i quor produce d  only 

very we ak foams . When calcium vms adde d to give the s ame 

l eve l fou.nd in the rumen liquor , foam s  ident ical in 

propert i e s  t o  t ho se produced from t h& original rumen 

liquor ware produced . 

Acrylaraide ge l e le ctrophore sis ')f  this pre c ip it at e d  

material shmved s everal prot ein comp onent s t o  b e  pre s ent . 

When the ge l i..vas staine d for carb ohydrat e s  wi th the 

periodic ac id/Schiff re agent ( Bodin , 1 963 ) a high mol-

e cular weie;ht carbohydrate c.c mponent which had mov8d 

approximat9 1y 1 rom into the gel  was ob served . 

Analyt i c a l  ultracentrifugat ion - of this mat erial , 

at 59 , 780 rpm , showed two c omponent s t o  be pre sent ( Fig . 

4 .  5 .  d .  1 ) , a l ow mo le cular het erogei-:..e ous component 

which did not move from the menis cus , and a mat erial show-

ing a hype rsharp schlieren p attern .  The l atter i s  very 

s imil ,3r to  the schli eren pattern of the sal ivary muc o ­

protein , and the mat e rial producing i t  was a maj or cOillpon­

e nt of all the rumen sampl e s  examined .  The low mol e c1::1 ar 

wei gbt ::nat erial probably is  the mixture of prot e ins ob served 

o n  acrylamide gel .  

The mat erial which resembl ed muc oprot ein in the 

ultracentrifuge was isolat ed from tb� rumen liquor as 

follows . 

I · 1  
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ANALYT I CAL ULT?-ACENTR IFUJA TI ON OF THE PROTE I N S  

I N  R UMEN L IQUOR 

a .  ,He t erogene ouE pr o te ins 

b .  The ma terial re �emb l ing sal i vary muc opro t e in 



The c on o en t r a ted rumen prote ili s ampl e s  w e r e  c cn t r i -

f'uged a t  3GO � oOO g for J+ h ouI' s �  t.i nd.  tllS c o n t ent s of' t he 

t ub e s  d iv id erl in t o  (1 ) the p e l l e t  that  l1nd se d i m�n t ed out 

on the b o ·:., t on: of' the tub e , ( 2 ) th e bo t tom 2 ml of 

v i s c o u s  l i ClU id , ( 3 ) th e ne x t  2 ml of l i CJ.u id t ( 4) the nex t 

3 ml of pal e 1J r o'lm l j. Q.u i d  and ( 5 ) th e rema ind e r  of the 

l i quid .. Each of t he s e  f r ac t i on s  was ana ly sed in the 

ana ly t i c 8.1 ul traccnt r i fu3e and th e n!8 t e rial whi c h  

r e s emb l ed. muc opro t e in w a s  l oc a ted i n  frac t ion s (2) and (.1 .. 
The f i r s t  frac t i on c ontai ned mos t o� the he t e r ogene o u s  

pr o t e in s t oge ther w i th s ome Frac t i on 1 pr ot e in . E e caus e 

of the re se�b lenc e of the ma j o r frac t i on t o  muc opr o t e in ,  

&11 SaIilIJle s wer e  811G. lys ed. for sia l i c ac id. c;on·G en. t .  �'h e  

max imum s i al ic R c id. o c c ur e d  in f r H c t i o� s (2 )and (� c orre sp-

ond in g t o  the tub e s  in wh i ch the ma t e r ial VIa s l oc a t ed . 
An u l t r ac ent r i fuga t i on s chl i e r en pho tograph of th e 

pur i f i e d.  ma t e r i al :i s  shown in F i g .  4 ( 5 .  d .  2 ) . �'hc 

s ed iment a t i on c oe ft'i c i en t of th i s  rID te r i al , d e t c rm in�d 

in a B e c kman mode l E ana.ly t i o al \.11 t r a c ent r i fu.g e , w a s  6 . 6  S 
a t  a concen t r a t i on of 4 mg ml-1 • D i lu t i on o f  th e s ampl e  

sl ightly inc r e a sed the sed imm:. t a.t i on c oe ff i � i en t  t o  a 

max i rTiUffi of 7 . 4  S a t · a conc e n tr a t i on of 1 mg ml -1 • 

C e l l ul o s e a c e t a t e e l e c t r opho r e s i s of th i s  ma t e r i al 

showed a S ingl e component , wh ich s t ai n ed i n ten sruy for 

c arbohyd r a te but o n l y  weakly for p r o t e tn. , .  ind i c a t ing .the 

mol e cule to b e  a glyc o p �o t e i n .  

F ur th e r  ch a r ac t e r i z a t i on of  the m o l e cul e w a s  � c � i eved 

by p repar 1ng t he an t ib ody tc. t h i s ma t 8 r i al , by i n j e c t ing 
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it .... into rabbit s . The ant ibody g8ve a ' pre cipit in re act ::'on 

with the sal ivary musoprote in and with t he oe s ophageal 

muc i n , though the degre e of pre c ipit at ion was not as 

gre at as with the muc oprcte in . Removal o f  the s i al i c ac id 

from the sal ive.ry mucoprote in by incubat ing it with neur­

aminidase , incre ased the sensit ivity o f  t he pre cip it in 

re act ion ten fold . The antibody did not give pre cipit in 

r8 act ions wi� h  Fract ion 1 prot e in ,  Fract ion 2 prote ins 

nor proto z o a l  prote ins . 

The material was not pre c ipitated  by 1 0% trichl or­

acetic  acid , but was pre c ipit ated by 60% ammonium . sulphat e . 

80% ethanol ,  t annins from Lotus ped Ul�culatus Cav . , and by 

1 %  Cetavlon indicating pre c ipitat i on propert ie s s i�iJ .ar 

t o  those of the s al ivary se cret ions . 

Summary 

( �l )  Th8 rumen foams differ from the p l ant and prot o zo al prote in 

foams , though they are similar t o  the salivary muc oprot ein 

foams in  having low compre s s ive strength assoc iat e d  with 

low stre s s  re l axat ion and high foam retent ion volume s , t he 

l atter two p arameters ihdicat ing foam persist ence . 

( 2) Rumen foams show two maxima of compre s s ive strengt h , one 

at pH 4 . 0  and the second at approximat e ly 5 . 7  M aximum 

persistence is  associated with the latter compre s s i  .... re 

strength maxi�um . 

( 3 )  Compre ssive strength o f  foams generated in vitr� from rumen 

liQuor de cre ased s l owly on increas ing the t emperature from 

5-1 50C ,  then de cre ased rapidly betweeI: 1 5  



and 200C ,  and remained c OEst ant from 2 5-5 00C .  Foams 
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from centri f-J.ged rumen liquor did not show thi s phenomenon 

but incre ased ste adily in compr e s sive strength with 

incre ase in t emperature over t he range 5-5000 .  

( 4) The amount of  Fraction 1 �rot e in in the rumen liquor was 

t o o  l ow to  account for the high persi stence of the rumen 

foams . Foam stabil i z ing waterials o t her  than plant 

prote ins must  be pre sent to account for this st abil ity . 

The low l eve l of  Fract ion 1 prote in in the rumen l i quor 

c ould be exp lained by it s rapid degradat i on and removal 

from s o lut i on . • 

Addit ion of 0 . 01 - 0 . 1 % Fract ion 1 prot e in t o  the 

rumen l iquor only s lightly incre ased the compre s s ive 
. 

strength , without affe cting the stre s s  re laxation or 

foam retent ion vol ume of the foams generat ed from the8e 

s o luti ons . This sugge st s that a more surface act ive 

mat erial than Fraction 1 prote in is pre sent in t he rumen 

liquor . Further evidence for this j s  sugge sted by the 

f act that the amount of Fract ion 1 protein denatured on 

foaming rumen liquor · cont aining 0 . 02% Fraction 1 was only 

24% of the :Fract ion 1 prot e in denatured on foaming a 

0 . 02% s o lution of  Fract iofi 1 prot ein in acetat e  buffe r . 

( 5) FO A-lli .fract ionat ion of  rumen l iquor shJwed that l ip id s , 

mainly neutral lipids and f 3.tty acids , were c oncentrateCl 

2-2� t ime s in the foam fract ions . 

( 6 )  The s o luble foaming agent s in rumen liquor were is olated 

by s alt pre c ipitation , and fractionat ed by preparative 



ul tracen trifugat i on .  One frac t i on c ont a ined a mix ture 

of pro te in s , who se sources  we re not id en tified . A 

second frac t ion cuntained a comp onen t wh ich re sembled 

sal ivary muc opr o t e in in the ul t rac en trifuge and in i t s  

prec ipi t a t i on characte�i � t i c s .  Thi s material  had a 

sed imen t a t i on co eff ic ien t  of  7 . 4  S ,  was homogene ous on 

cellul o se ace tate and shown t o  con tatn c ar'bohydra te and 

pro te ; � . The ant ibody of thi s  mate r i al gave prec :i.p i t in 

/ reac t i ons  wi th the sal ivary secre t i ons , par t i cularly 

the s al ivary mucopr ote in ,  but no t w i th the soluble  

plan t  nor pro tozoal pro t e in s .  The sensi tivi ty o f  th e 

pre c i p i t in reac t i on was increa sed by pr ior removal of 

the s i al i c  acid from the S 5.1 i v;-�ry muc opr otein  by neura­

minid a se . I t  i s  sugge s ted that thi s ma ter i al i s  

po ss ibly a degrad a t i on prod uc t of the sal ivary muco­

pro te in .  
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CHAPTER 5 

THE IN TERHAC T I ON .BETWE�N THE SO LUBLE LF..AF PRO TE IN S  AND 

O TliE� SURFAC TANT INVOlVED IN TH E  BLOAT SYNDROME 

In Chap t e r s 3 and 4 of S e c t i on 2 of th i s  the s i s ,  the 

foaming prope r t ie s  of th e p l ant and a.'1 imal pr o t e ins and of 

rumen l iqu or were s tud i ed .  Rumen fo runs w e re only s imi l ar 
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to pl an t  and pr o t o z o al fo ams in th at they po s s e s sed 

c ompre s s i ve s tr ength max ima a t  r o ughly th e s ame pH . Whe r e a s  

tha p l an t  ar..d p r o 'G o z o al p ro t e in foams w e r e  p e r s i s tent only 

when the c ompre s s ive s tr eng th was h i gh ,  the rumen fo ams were 

e x t r eme ly s t ab l e  a l thoe.gh th e c ompr e s s i v e  s t rength w a s  l ow .  

S a l ivary muc opr o t e in fo ams we re s i mi l ,; r  t o  the rumen fo am s  in 

th i s  r e spe c t ,  though they d id n o t  exhib i t  c o mp r e s sive s tren g th 

max i mum a t  any pH i n  the r ange wh i c h  oc c u r s  i n  th e rumen . A 

p o s s ible e xp lcma t i on of the ch arac t e r  of rume n  fo ams i s  the re ­

f o r e  that a mixed s y s t e m ,  w i th p r o pe r t i e s i n t e rmed i a t e  

b e twe en the p l an t  or p r o t oz oa l pr o t e in s  and the muc opr o t e i n  

� o am s ,  i s  ope r a t ing . 

Ano t h e r  p o s s ib i l i ty i s  th a t  the an t ifoaming l ip id s  are 

p r oduc ing mixed f i lms w i th th e pl an t or p r o t o z oal pr o te ins . 

o f  l ow c ompre s s ive s tr e ng th . Thi s  the ory w ould r e qu i r e  the 

pre sence o f  a foam s tab i l i z ing sub s tance t o  be p r e sent to 



.�  a c count for the persist ence of the rumen fOFlills .  Pe ct j n s 

," \ ( C onrad e t  al e 1 961 ; Nic�o l s  e t  al e 1 966 ) and bacterial  

s l iwe s (Hungate e t  al e 1 964) have been sugge sted to nct 

as :Loam s t ab ilizers on acco �nt of the ir high viscosi ty . 

The re sult s for calcium binding t o  the high mol e cu-

l ar we ight material in the rumen liquor shows that it 

c ould b e  another s ignificant factor influen c ing t he 

3t a.bili  ty of  the rumen foams . 

I� this Chapter  the nature o f  t he foams that can 

be derived from mixed sys tems between the soluble plant 

prote ins and othe r  surfact ant s ,  both foam stabili zing 

and ant ifoamihg agent s , are studied . 

5 . 1  The influence o f  c alcium on the compre s s ive strength o f  

protein foams . 

The concentration () f  cat i ons in the rumen liquor i s  

u sually in t he range 0 . 1  - 0 . 2  M ,  and o f  this the l eve l of  

c alcium' found in the s o luble frac t i on o f  the rumen s ample s 

examined in this the s i s  ,( Chapter 4) wa s in the rane::e 200 -

400 ppm . In thi s  Se cti on experiment s are de s cribed in 

which sol�t i ons of prote ins dissolved in 0 . 1  mol/litre 

ace t ate  buffe r , pH 6 . 3 ,  cont aining varying Amount s of  

calcium were foame d in the Laoy apparatus . 

301�tions cont aining 0 . 01 8% sal ivary mucopro t e in ,  

and Fract ion 1 pro t e in or 0 . 04% Fract ion 2 prote in were 

o f o amed at pH 6 . 3  and 37 C .  Compre ssive strength was 

measured on t hese foams ffi1d t he result s for the l e af 

proteins are shown in Fig . 5 ( 1 . a) i'or different COjlc en-
\ 

trat ions o f  c alcium . 



FIG. 5 
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THE EFFECT O F  Cl\ LC I UM ON 7.HE CO MPRE SS J:VE STR1�N GTH 

O}o' FRACTION ' 1  AND FRACTION 2, LE..4.F PR OTE IN 

'buffer 0 . 1  mol/l i tr e  sod iu.'1i a c e tntc ; p H  6 .3(pe87) ;  t empe ra ture 

37°C ; g a s  f'l cw 30 ml min·-1 ; p o r o s  i t y  s i n t e r  3 .  

0 -- 0 Fr a c t i ori 1 pr o t e in ( 0 . 01 8% \I'v) 

6.-. --6. F r ac t i on 2 ,pro t e ins ( 0 . 04% ) 
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The c ompre s s ive strength of Frac t ion 1 prote in foams 

incre ased 1� t ime s as the cal c ium c oncentrati on incre ased 

from 0-200 ppm . Ab ove this c oncentrat i on no change in 

compre ssive strength was ob served . 

Fract i on 2 prote in foams s�owed no incre ase in 

c ompre ss ive strengt h . unt il a c al c ium concentration of 

1 000 ppm was re ache d . Above t his concentrat i on compre s ­

s ive strength incre ased sl ight ly . Bovine s al ivary muco-· 

pro t e in f o ams W3ra unaffe cted by c alc ium in the range 

0-5000 ppm . 

�he value s o f  the isoelectric pH ' s  for Fract i on 1 
pro t e in , Fract ion 2 prote ins and s al ivary muc oprot e in are 

5 . 8 ,  5 . 1 and 2 . 5  re spe ct ive ly _  It appe ars from the re sult s 

t hat the further away the pH ( 6 . 3 ) of t he experiment was 

from the i s o e le ctric  pH of th3 prct e in , then the higher was 

the concentrat ion of calcium r e qu ired t o  s igni ficant J y  

modify the c ompre s s ive strength o f  the fo ams der-i  ved from 

the se pro t e in solut ions . 

This i s  pos s ib ly due t o  t he bound c al c i um de cre as ing 

the ne t negat ive charge on the protein mo le cule s ,  in a 

m anner simi l ar t o  a lowering o f  t he pH , re sult ing in a 

reduct ion of the e le ctro st at ic repuls ion and hence a gre ate r  

c ohe sion be tween them . The more di stant the expe rime nt al 

pH o� 6 . 3  is from the isoe lectric pH of the prot 8 in ,  the more 

calc ium would be re quired t o  reduce this repulsion t o  .J. value 

whi ch would modify the foaming propert ie s .  

I f  this sugge stion i s  c orre ct , the e ffe ct of  calc ium 

should b e  l e s s  marke d at the isoelectric pH of t he prot e in , 

where the p o t ent i al Dinding sit es are o c cupied by hydro gen 

i ons . To examine thi s effe c t ,  so lut ions o f  0 . 028% w/_ ' 
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Fract ion 1 pr o t e in , one cont a i�ing 200 ppm c alc ium , and 

t he o t her wit hout any c al c ium were - f o amed �_n the L aby 

app aratu s  at 37°C and in t he pH range 5 . 4 t o  6 . 8 .  

Re su lt s  are shown in F i g . 5 ( 1 . b ) . 

I t  was obs arve d t hat the e ffe ct of c al c ium d im in­

i s he d as the pH of the prot e i n  s o lution appro a\.�he d. the 

i s o e l e ct r i c  pH of the prot e in .  Thi s sugge s t s  t hat 

c a l c ium i s  neutrali z ing the ch arge on t he pro te i n �ole cule . 

5 . 2  The e ffe ct o f  Eo lyga l acturonic acid on pl ant pro t e in foams . 

Fract i on 1 ( 0 . 02%) s o lutions c ont a in ing p o lyga l a c ­

t uronic a c id ( supplie d b y  nrit i sh Drug Hous e Chemical s  of  

c itrus fru it o rigin) in t h e  concentrat i o n  range 0 . 0 1 %  -
0 . 5% ,  were f o amed in t he L aby app aratu s at pH 5 . 8  and at 

37°C .  C ompre s s ive s t rengt h ,  s tre s s  re l axat i on and the 

f o am re t ent ion volu.ru.e s wer e  me asured. TI e sult s are shown 

in F i g . 5 ( 2 . a . , b . , c . ) . C ompre s s ive st rengt h d e cre a s e d  

a s  t he po lyga lacturon i c  a c id c oncentrat ion incre as e d . 

Me Fi.surement s of s tre s s re l axat i on and the fo&m 

. te t e nt i on vo lume indi c at e d  an incre as e in the p e r s i s t ence ­

o f  the plant pro t e i n  fo ams above a po lygalactur o n i c  ac id 

c onc e nt r at i on of 0 . 04% w/v . 

In ord e r  t o  de t e rm ine the e ffe ct of c al c ium on the 

Fraction 1 /polygalacturonic a� id sys t em , s olut ions of 

F� a c t i on 1 prot ein c 6nt aini� g 200 ppm c al c ium and p o ly­

ga l act u.roni c ac id ranging from 0 . 02% - 0 . 1 0% we re foamed 
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at pH 5 . 8  in t he Laby apparatu s .  At p o lygala cturonic 

acid con�eEtrat ions �p to 0 . 06% , t he c al c ium poly­

gal acturonat e  pre c ipitat e d  and t he foa�s were not 

s ignificant ly mod i fied . At highe r po lygal acturonic 

acid c oncentrat i on s  the solut i ons ge l l e d  m aking it 

imp o s s ib l e  t o  c ar ry out t he e xperiment . N o  si�ni f i c ant 

dat a was there fore obt ained regarding the p o s s i1 le 

role  of  c al c ium pe c t at e  gels as s t ab i l i zing agent s .  



7 
E u 

4·0 

3 ·0 
01 

:r 
t5 z w u:: I-
If)2·0 
w > 
(/) If) W 0:: Il.. 
e 10 
U 

0/0 w/v PCLYGALACI UR 0 N IC ACID 
o

t�--

______________ __ 

o 0 ·2 0-4 

FIG.  2 THE EFFEC'l' OF POLYGALA GTURONIG ACID ON THg C OMPP E S 3 IVE 

( 2 .  a )  STRENGTH OF FRACT ION PR OTE IN F01� 1�S 

buffer 0 � 1  mOI/1i tre sod j_u..rr. ac e t a t e ) pH 5 . 8 ( p . 87) ; 
t empe l" 0. i:;ure 37°

C ;  . gas flow 30 IPl min-1 ; por o s i ty 3 sin tel" .  

0 . 02% 'v F r' ac t i orl 1 pr o t e in .. 

,. 



, -

'T v ) (I) .. 2 '" 
(/) /  

(� E v 
rn 
Z 
0 
f= <t x 
<! ....J LIJ 
n:: 

If) 
If) 
IJJ n:: 
tn 
x 

'0 

FIG� 
( 2 .  b. ) 

.-

I I 
8· 

4 

I 
01 0 0-2 0-4 

% w/v POL YGA LACTUROI\J l e  ACID 

THE EFFECT OF POLYGAL4CTlfRONIC ACID ON THE STRESS 

REL\XA TI ON OF FRACTION 1 PROT�IN FOM,�§... 

b uffe r 0 . 1 mo l/l i tre sod i U:ll llcctnw(p .87);O .  02% \'Yv Frac t i on 1 

t . H 5 8 t t 7,7
o

C ·, fl t 30 - . -1 pro e :tn ;  p. . ; emp e r a  ure J gas . ow ra e ID.L mIn ; 

poro s i ty s in t e r  3 .  



FIGo .2 
( 2 .  c . )  

E 
!J.J 
2: 
� 
....J 
0 > 
z 
0 
I-Z 
w 
l-W 
0:: 
L 
(3 LL 

2- 0 

j-O I I 
I 1 I 

/ I 

I 
I % vrV POLYGALAC T U  RON 1 C AC I D  

0 1 . 
0 0 ·2 004 

THE �FFECT OF POLYGJ\LAQ.TUP.ON I C  AC ID ON THE F OAM 

R E TENTION VO Lpr.1E OF F�V\ C T ION 1 PR Os:'E IN F'OA}lS 

buff e r  O � 1  mol/litre  sod ium acetate�).8r�;() . 027{, \}� F r a c t i on 1 

1 !) 3 

t i H 5 8 ... t 37°C " fl t 30 ' . -1 pro e :£1. ; p . ; 1w empe ra ure gas aVo/ ra e m_ . l'!LLn ; 

poro s i ty s int er 3 .  



'1 )4 

5 . 3  The s alivary s e c ret ions 

The rol e  of bovine s alivary s e cre t ions in t he bloat 

syndrome has been the sub j e ct of much c ontroversy . 

Bartl ey ( 1 96 7 )  favoure d  the ide a t hat � he salivary 

s e cretions act as foam de s tab i l i z e r s  wh� re as Johns 

( 1 956)  and M anGan ( 1 958 )  be l ieved t hey were c ap ablE' of 

produc ing pe rs i st ent foams . The re sult s obt aine d  in 

t h i s  the s i s  have shown t hat ,whe re as the s al i v ary muco­

prot e in c an produ ce pe r s i stent foams , t he oesophage al  

muc in d i d  not support stab le foams . In the fo l lowing 

s e c t ion the \,yp e s  of foams that can be der ive d from 

mixt u�e s  of soluble p lant prot 8 in frF c t i ons and t he 

s al ivary s e c::::'et ions have been stud ie d .  

Solut ioils cont a ining 0 . 02% Fr ac� ion 1 prot e in and 

differing concentrat ions of sal i var:i mucopro t ein  Vie re 

foamed at pH 5 . 8  in the Laby appar atus at 37°C and t he 

c ompre s s ive s trength , stre s s  re l axation and foam reten­

t ion vo lume s me asured . The amount of Fraction 1 prot e in 

surfc ce denatured on fo aming the s e  s olut ions was det erm ined 

by acryl amide gel e l e ctrophore s is ( Chapter 1 ) . 

The o e s ophage a l .mucin , which cont ains sialic  acid � 

was a dde d t o  a 0 . 028% s o l ution of Fract ion 1 ,  to give 

solut ions cont aining 0- 1 5  pg of s ial ic acid per ml . The se  

s olut i ons wer� foame d . at pH 5 . 8  i n  the Laby app arat 11s . 

Re su lt s obt a ined for the compre s s ive strength 



of the f o ams cl e r :; vcd frcm th e 8e mixed sy s tems ar e shown 

in F i g .  5 ( 3 . 8 . •  ) . 

Th e s a l j.v 8."f'Y muc opr o t e i n d e c re n G ed. the c ompre G s :i ve 

s t:r-eng th of F r ac t i  on 1 .r:[' o t e in f o eIns fr om 3 . 6 to 1 e 3 g 

cm-·2 o vr.:;r tile r sngc O-O � 1 % s a l i va ry mucopro t e i n .  The 

c ompr c s 3 ive 8 tr eng th of f oam s ' d e r iv ea from o e s o phageal 

muc in/F :::ac t i on '1 pr o t e i n mix ture s d id no t d i ffer 

s i gn .L£' l c an t l y  :f r om th e p u r e  l? r a c t i on 1 foams . 

s tr e s s  re l axa t i on of the foam s  d e r j.ved from th e 

mixed � y s t ems are sh own in F i g .  5 ( 3 . b . ) .  The 

s a l ivar:r muc opr o t e in/F r a c t i on 1 mixed foams sh ovled a 

minimum s tre s s  l� e l 8.xa t i on a t  0 . 02% - 0 . 04% m11copr o t e i n 4  
- �  -2 The s t r e s s  �e l ax a t i on d e c re a sed to 1 . 5 x 1 0  � g em -

�'1 -3 -2 -1 
s e c  at 0 . 04% and incr'e a sed to 3 � 5  x 1 0  g em se c · 

at 0 _ .1 0% muc o pr o t e in ,  ind ic a t in g  a IIIBximum pe r s i stence 

of the I:1ixed fo am \-'Ihe::l the ratio of' muc opr o t e in to 

Frac t ion 1 in the s olut i on be ing f o amed w a s  1 /1 - 2/1 . 
The oe s opha g e al muc in d i d  no t sh ow any min imum in 

- �  
s tr e s s  r e l axa t i on , but d e c r e a sed from 6 . 0  x 1 0  J t o  

:5 -2 1 0 . 9 x 1 0- g em sec- ov er the c on c en tr a ti on rar:ge 

examined . 

TDG me a suremen t s  of f o ["<.ffi r e ten t i on volume are sh own 

in F i g. 5 ( 3 . c . ) . The f o am re tent i on volume o f  s al iv a r·;;' 

muc opro t e in Frac t i on 1 fo am s  in cre a sed � rom 0-2 . 0  ml a t  

O . OLt-% muc opro tein and decre ased to 1 . 3 111.1 at 0 . 1 0% muc l) -

t . . 
p r o  (:; 1 1:. ind i c a t ing a max i�um pe r s i 8 t an c e  of foams 

:from s o lu t i OllS c un t a ining 2/-1 s a l  i vary muco-

pro te in/l?ract i on 1 pr o t e in .  

'1';1e o esoph age al  muc i n  inc r e a s ed th e foam re ten t i on 
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v01ume d r ama t i c ally .fr om 0 0 3 ml fe 1- Frac t i on 1 pr o te in 

a l on e  t o  3 . 2 ml :for m i.x ture s c on t a i n ing 1 0 ?:J of 

s i al i c  ac id pe r mI . Add i t i on o f  s al i vary muc opro t e in 

t o  F r ac t i on 1 pro t e in s ol u t i on s  d e c r e a sed t he amOIDl t. 

o f  Fr ac t i on 1 pr o t e i n  b e ing d enatured i n  pr odllc ing t h e  

f o am ( Tabl e  5 ( 3 . 1 )  t o  56% at  O . OL��& muc opr o t e in .  

The r e sul t s  ind i c ate tha t the oe sophag e al muc in 

i s  a ve r y  ef:fi c i ent fo am s t ab i l i z ing G ge n t , incr e a s in6 

t h e  :fo am r e t en ti on volume and d e c r e a s ing the s t r e s s  

re l axa t i on w i thout mod i fy ing th e c ompr e s s ive s t rength 

o :f the f o ams . The a c t i on o:f the s al i va r y mucoprotein 

w a s  no t a s  r e ad ily cha r a c t e r i z ed ,  :fo r wh i l s t  the 

m ixed f o am s  were mo re pe r s i s t en t than the F rac t i on 1 
p r o t e in fo am ,  the c ompre s s ive s tr en g th and the amount 

o f  F r ac ti on 1 pr o te in denatu red in the foam decreased 

upon incr e a s ing th e muc opr o te in c ont ent of thi s 

s o lut i on . 

I f  the r ig id i ty of the :foam s  ind i c H t ed by th e 

c omp r e s s ive s treng t h  i s  the j mp c.' .2 t an t  fa c to r  in t he 

1 59 

b l o a t  fo am, mucoprote in must  be cons id e red to be an 

ant i foaming agen t , whe re a s  i f  pe r s i s t en c e i s  the 

c on t r o l l ing fac t o r , th e muc opr o te in mus t  b e  tho ugh t of a s  

a foam stab il i zing agen t e  Fro� the re sul ts of C hap t e r  4 

i t  would appe ar tha t  the prime charac t e r i stic  of rumen 

foams i s  th e i r  h i gh p e r s i s t ence and relat ively low 

c ompr e s s ive st r eng th , and the re fo re on thi s  b a s i s ,  the 

s al ivary mucoprote in would be  cl assed d S  a stab il iz ing 

agent . 
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I n  an a t t em,t t o  expl e. in . th e s tab i l i z ing p r ope r t i e s 

of' the s e  s c c r e t i o:'1 s :lnd o f  the po lygal ac t u r on i c  2 c id. , 

th e e ffe c t  of o the r v i sc o u s  ma t e r i a l s  on F r ac t i on 1 

p r o  te  in Il' a s  exar.;in ed o 

The m a t e r i a l s  w3 cd i n  t h i s  s tudy VI e r e  s o L lb ::L e  p o ly-

vinyl pyrrol  id one ( BSAF 1':25 )  and I in,j ar c ha i n  d e x tl� an  

( Pharmac i a  Gh err:.i c al s ) " V i SC' o s i ty � r e ] , 'li a S  me a sured a t  

37°C rel a t i v e  t Q  a 0 . 1 mOli1it:re s o lu t i on o f  sod ium 

a c e t a  t e  i n  mic rov i s c orne t er s  ( C nT'.:.no n  ins t rument s ) • 

S olut i on s  o f  0 . 02% \;Jv F r ac ti on 1 p r o t e in in ac e t a t e  

b uffe r pH 5 . 8 ,  con t a ining suf i' i r?  i ent p o l yvinylpyr' r o l idone 

o r- deXtr9Jl t o  p� od llc e s o l u t i on s of' Y i s c o f3 i  ty e qu 1 v3. l e n t  

t o  O e 01 % . O e 02%�  0 . 06% and 0 0 1 0% s al i v a ry muc o pr o t e i n ,  

w e r e  f oan:ed ill th e JJaby a:ppar atus . 

. . 
.The effe c t  of the s e  v i s c ou s  agent s on pr o t e i n  f o ams 

wa s to d e c r e a s e  the compre s s i.ve strength ,  and the s tre G S  

r e l ax a t i on ,  and t o  i n cr e a se t h e  f o am r e t e nt i on v o l ume . 

Thus p o l yv inyl pyr r o l i d one d e c r e a sed the c ompr e ss i ve 

s tr cng t!� of' F'rac t i on 1 pro t e in f oams fr om 3. 6 to a l im i t  

o f  2 . 0  g Cfli-2 and inc re a sed th e re ten t i on vo lume 0 . 2 . -

1 . 0 �:11 , and d extran d e c re a sed the com;?r e s s ive s trength 

-2 i::-orn .� . 6  - 2 . 3  g em and the rl,; ten t i on vo l ume f'rom 0 . 2  
ml t o  '1 . 0  ml . 

C ompared wi th the s e r e sul t s ,  i t  c an  b e  seen tha t 

polygal ac turonic ac id behaved very S imilarly. The 

muc in d iffe red from the s e  v i s c ou s  ma t e r i al s  in t h a t  i t  

d id no t reduc e the compre ss ive s treng th o f  the foam, 

and h).c r e a sed the foam re ten t i on volu.l')1e t o  a much gre a t e r  



VOl.U1Jl8 than was pr od uced by any of the s e  v is c ous 

ma t e r i al s . 

Th e e ffe c t  o.f vi s c os i  ty c o uld n o t  exp l a in the 

minirrrurn oD ser-yeo. in the s t r e s s r e l ax 8. t i on n or the 

maximunl 1.n i'o 1::-m r e tci l t i on volume tha t oce-u.l'ed wi th 

the F r ac t i on 1 /muc oprote in mixed f o a ms .  

5 . 4  Th e e ffe c t  0 ::  tEU'1� 

A s e t  of s o lut i on s  c on t a 1n ing 0 . 02% Frac t i on 1 

pro te i n  or 0 . 04% F rac t i on 2 pro te in s ,  or 0. 065% 

pr o t o z o al pr o t e ins or 0 . 06% mu c opr o t e in o r  rumen l i quor , 

to e a ch o f  wh i ch L o tus t ann j. n had b e en &dded t o  g ive 

pr o t e in/tann in ( pi t )  V�w mixtures of 1 0/1 -i O/9 � 1 /1 -

1 /Lh we r e  t O emed in th e L aby apparatus c::. t 37°C , and th e 

t; omp:..�e s s iv e  s tr ength me a sured . R e sult s are shown in 

F i g .  5 ( 4 . a . ) .  F03lTl was no t pr' o<"1ucei 1'r om Frac t i o n  1 , 

Frac t ion 2 protozoal pr o t e ins arrume n l i�uo r  at pi t 

mix t u re s ab ove 5/1 . 1 0/7 , 5/3 and 5/2 r e spe c t iv el y .  

The c9mpr e s s ive s trength of the sal ivary muc o ­

pr o te in/ ta!1Jl in mix ture s incre a s ed. r-rom 'j . 0-3 . 2  g CiTl-2 

at 1 /1 and 1 /2 mix ture s and deCI' 3 3 S ed to z ero 9.t pi t 

m ix ture s of 1 /4 .  Whe n th e s a l ivar y muc opro t e in/ t al}n in 

mix tur e s  were cent r j fuged p:t." i (J l'  t o  foamin g �  f o am s  

c oulc no t b e  Pl' cx:l uc ed frol.: m ix tur e s of pit gre a te r  o:e 

e qual to 1 /1 . I f  the muc o pr o t e in w as degraded w i th 

neuraminidase t o  remove sialic  a c id , pr i or t o  add i t i on 

o f  the t annin , foams c ou ld no t b e  gen e r a t ed fr o.'tJ1 t h e ' 

d e g r ad ed l�r ot c i n/tann in mix tur e s  of gre a t e r  than ':;/3 .  
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T�e amount of t annin required t o  produce insoluble 

c omp lexe s with Fract i on 1 pro t e in ,  Fract ion 2 pro t e in 

and s aliva:cy Illucoprot e in was determined as follows : 5 ml 

of  0 . 1 % s olut ions of e ach of the prote ins were mixed with 

5 ml of t annin so lut ion cont aining sufficient t annin 'co 

give the S AJl1 e  pit mixture s u se d  in the s.bove experiment . 

The tube s 've I'e s e ale d and incubated at 37°C for 2 hours 

and centrifuged .  The prote in remaining in solut ion was 

me asur-ed and the maY.:imum pit mixture in whi ch no remain-

ing prote in was det e ct e d , was not ed . As found with the 

foaming studies ; t he maximum p it comp�ex which was 

compl ete ly lnsoluble was 5/1 , 1 0/7 and 1 /1 for Fraction 

1 ,  Fraction 2 and muc oprotein respe ct ive ly . The act i on 

o f  the t annin in , inhibit ing foam producu i on was there fore 

that of prec ipit a t ing the s o�ub le prote in .  

5 . 5 The alit ifoaming propert i e s  of  the pol ar l ipids of red 

c l over . 

Mangan ( '1 959 ) sugge sted  that the p l ant l ip ids  beheved 

as ant ifoaming agent s in rumen liquor and that peni ci l l in 

prevente d  bloat by de stroying the b act eri a which degrade 

t he lipids pre sent in the rumen . Bai ley ( 1 964) showed 

that the gal�ctolipids were rapidly de graded in the rumen . 

Rus sell  and ,Bailey ( 1 966 ) al BO e xamine d , the sulphol ipid o f  

red c lover and found i t  t o  b e  highly �urface acti ve , de cre as­
-1 ing the surface tens i on of -,'later b� 36 dyne s cm at a concen-

tration of  O . 013%w/v • Stife l ( 1 968 , Ph . D .  the si s ) ob s e rved a 



prefe rential synthes i s  of pho sphol ipid in t he chl o ro-
plests  of l ow blo a t al falfa pas tu re s . 

The polar l i p id s of red c l o v e r  leave s we r e  frac t � on­

a ted as d e sc r i"bcd in Chapter  1 0  F i g .  5 ( 5 . a . ) showcl a 

th i n  l ayer chromatogram o f  th e s e pa r a ted l i p id s . 

M i x ture s o f  pro t e i n  and i nd iv iQ'U.al l ip id s  we re p!"epared 

as follows . The l ipids w ere d i s s o lv ed i n  me thanol ,  

and al i qno t s  ( l e s s  than 0 . 5 ml) c on taining the reClu ir ed 

amount of l ip id we r e  placed in a 20 ml volume tric  fl a sk 

1 0  ml of a 0 . 1 f'lo l/li tre solut i on of sod ium ace t a te 

added and t he mixture sh ake n  t o  give a su spens i on of 

the l ipid in the h urfe r .  The so lu t i o�l of Frac ti on 1 , 
pro te j.n was add e d  and the content s made ll.p to  20  ml 

with ace tate b uf'f e r .  The s o l u t i on s  we re ad j 'U.sted to  

pH 5 . 8 Vii th ace t i c  acid and foame d  in the Laby apparatus .  

R e su l t s  f o r  c ompre s s ive s tr eng th , s tr e s s  relax�ti on and 

f'oam r e ten ti on v o l uine are given in F ig . 5 ( 5 . b . ,  c ./.1 . ) .  
O f  the l ipid s s t ud ied , pho sphatydyl ch ol ine was the mos t  

effe c t ive ant i foaming agent .  The compr e s s ive s trength 

dec re ased as  the l ipid concent r at i on inc r e a sed /fall ing 

-2 -2 from 4. 5 g em to 0 . 35 g em for pho spha tYGyl chol ine 

-2 and to  0 . 7  g em for the o the r' l ipid s .  

S tress  relaxation inc rea sed from 0 . 1 8 g cm-2 sec-1 

a t  z er o  lipid and showed c omplete instab il i ty at 50 ;Ug 

per m1 phospha tydyl choline ,  decrea sed to 3. 5 x 1 0-3 . g  

cm-2 sec-1 above 75 ;ug/ml d igal ac to syl diglyce rid e ,  

showed c omple t e instab il i ty above 1 50 jUg/ml monogalac­

tosyl d iglycerid e , whe reas  the sulphol ipid had only 

increased the s tress re laxat ion of the foam to 1 x 1 0-3 
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g cm -2 sec -1 a t  200 ,g/ml . 

The fo run r e t�n t i on volwne d e c re as ed from 3 0 6 ml 

to z e ro a t  5 0 ?g ml -
·1 

fo r pho sp na tydyl chol ine , to 
-1 z e r o  a t  75 ?g ml for d ig8.lnc t o syl d j gl y c e r id e l t o  

z e ro at 1 50 ?g ml-
1 f o r  monog al ac t o syl d lglyc e r id e , 

and t o  z e r :::> a t  2 00 )1g ml-1 f'or the Eulphol ip id . Th e , 
effe c t i vene s s  of the l i p id s  a s  a!1 t i f o runing agen t s 

we r e  pho sph n tydyl c hol ine> d ig ctl. a c t o sYl d igl YCe rid e s) 
monog�la c t osyl d i glyeer id e > sul ph o l i p id . The su lpho­

l ipid i t sel f prod uc ed a we ak f op.m a t  a c onc en trat i on 

1 -2 o f  200 ?g ml- of c ompre s s i ve s �r e ng th 0 . 35 g em , 
3 -2 -1 s tr e s s  r e l axa t i on 3 x 1 0- g em s e c  , and foam 

re ten tiGn volume was z e ro . 

In o rder t o  test the fo fu� stab i l i z ing prope r t ie s  

o f  the sal ivary mucopr o te in,  mucopro te in was added to 

a soluti on o f  0 . 08% F r a c t io n  1 pr o te in containing 1 50 

1 70 

?g ml-1 monogalactosyl d iglyc e r ide , ,m ieh was s��f ic i en t  

t o preven t f orma tion of a F rac ti on 1 pro te in foam, t o  

g ive a :.oncen tra tion o f  0 . 04% 'v muc oprote in.  The 

s o lution was fo amed in the Laby apparatus at 37°C and 

at pH 5 . 8 .  The fcam s o  produc ed had a compre ss ive 

-2 s trength of 1 . 5 g em , a  s tres8  relaxa t i on of 0 . 5 x 

-3 -2 1 0  g em sec-1 , and a foam re tent i on volume o f  3.2 

mI . The l i pid/Frac t i on 1 pr o te in mix ture w i th0u t any 

mucopro te in pre sen t would no t support a stable f oam . 
Thi s  i s  therefore further evj.(,. er c..'e to sl:.gge s t  the role 

of mucopr ote in as a f oam stab i l iz ing agent . 
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( 1 )  C al c ium ( 200 ;ug ml-1 ) inc reased the compres stve str eng th 

o f  Fr a c t i on 1 pro t e in f'oams a t  pH ' s  b e tv'veen 5 . 8 aDd 6 e 3 , but 

d id no t af:'e c t  F rac ti on 2 pr o t e in f'oams li."'1 t il the calc ium 

c oncen tra t i on was  gr eater t hWl 1 000 ;ug ml-1 • Sal i vary rnuco ­/ 
pr o t e in w a s  nnaffe c ted by c al c i um. 

( 2 ) The s od i um  salt  of :? olyga l ac turon i c  ac id inc rea sed the 

perSi s tence of Frac t i on i fo ams by J.ncreasing the v is co s i ty 

o f  s o l u t i on b e ing foamed . 

( 3 ) o e sophage al muc in was shown t o  b e  a powerful f'oam 

s tab i l i zing agent o f Frac t i on 1 prote in f'oam s .  

( 4) S al iva::,y muc opro t e in inc rea sed the per.:31s tence of 

F rac t i on 1 p r o � e in foams , but c on s id e r ably reduced the 

compr e ssive s tr ength of' F rac t i on 1 foams . The r educ t i on 

in c ompre s s i ve s trength c an be expl atned in t e rms of the 

mucopr o te in mod ifying th e surface co mp o s i t i o n of thi s f i lm .  

The persis tence or the mixed foams cOl'.ld n e t  be explained in 

terms of the mucopro tein inc re a s ing the visc osi ty of the 

solut i on . 

( 5 ) Tann in s  could c omple tely inh ib i t  foam produc t i on 

from Frac ti on 1 ,  F rac t i on 2) pro t oz oal pro te ins , mucopro te in 

soluti ons ar� rumen l iquor f�om bl o a t ing an imals feed ing on 

red cl over , by produc ing insoluble c omplexes be tween the 

t ann in and the se foaming agent s .  The c ompo s i ti on of' t he s e  

compl exe s , of' minimum tannin to  pro te in ra ti o ,  were 1 /5 ,  7/1 0 ,  

1 /1 tannin to Frac t i on 1 prote in ,  Fi'ac -d cn 2 pr' ote in anu muco-

pro t e in r e spe c tively� 



( 6 ) Th e c oncen tI' a t. i on of p o l ar l i p id o f  r ed c l ove r reqll J red 

to preven t forma t i on of s t ab l e  foams f rom a 0 . 0 8% so l � t i on 

of Frac t i on 1 pr o t e i n  aT- pH 5 _ 8 were 

1 :50 ?g InJ. -1 , and 1n exe e s s  of 2 0 0  )1g 
-1 -1 

50 )1G ml t 7 5 )1g ml , 

ml- 1 , for pho sph a tydyl 

ch o l ine , d i gal ac t o syl d i gl y � e r i d e s ,  mono g a l a c t o s y l  d ig lyc er-

ides and s Ulphol i p id re spe c t ivel y .  

. , 
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SECTION 3 

DI SCUSSION 



D I SCUSS ION 

Th i s  s tudy w a s  und e r t aken ma i!1.1y to examine the 

proper t ies of' foams th a t  c an be gene r ated from 30luti ons 

of p l ant l e af pro t e in frac t i on s ,  and by c omp ar i son wi th 

the f o �s d e r ived from the rumen l iquor of b l o a t ing an i ma l s , 

to  ob t a in inf orma t i on r e gard ing th e j.mp o rt ance of the l e af 

pr o t e i.n frac t i on s  as the foaming agent s r e spons ib le for the 

d i s orde r  in ruminan t s  known as bl oa t .  

B l o a t  i n  c a t tl e  i s  c om�only as soc ia t ed wi th animal s 

fe ed ing on pastur e s  cont a in ing a h i gh percen t age o f  l e gume 

spe c i e s  ( Johns ,  1954) . I t  has b een known for so�e time 

tha t th e solul}::!.e leaf pr o t e in s  of' l egume s c ould produc e 

1 7Lt· 

r igid v i s c ous foams ( Mangan , 1957 ) .  The mo s t  convinc ing 

evidence r e l a t ing le 8.f pr o tein fo ams 'to b l oa t was given by 

M angan ( 195 9 )  who show�d th a t  foams , d e r i ved from the soluble 

pro te in s of red c lover an d  froD the r-..:men l i quor of b l o a t ing 

anima l s ,  posse s sed max imum r i g id i ty a t  the s ame pR o Th i s  

re sul t formed the b as i s  :for the hypoth e s i s  tha t  l e af pr o t e in s  

were re spons ible for th e bloat foam .  

L a t e r  work carr ied out b y  McA r thur e t  al e ( 1 966 ) 

sugge s ted that of the s o lub le leaf' pro te in f'ra c ti on s  of' 

luc e rne , only F r ac ti on 1 pro t e i n  was c apabl e of pr od uc ing 

s t able v i sc ous foams . However J ones and Ly t tl e t on ( 1 96 9 )  

showed th at bo th F r ac ti on 1 ar.d F rac t i on 2 pro te i ns o f  red · 

and whi te clover wer e  capable of pr oduc ing these foams . 
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Apar t f r om �he s e  p r e l iminary s t ud i e s o n  1.h e l e af pr o te in 

f' o � s , n o  d e t a i l ed s tudy of' the c ond. :i. t i  on s nec e s s ary for the 

pr oduc t i on of foams from th e ma j or l e af p r o te in r"r ac t i on s  ha s 

b e e n  mad e ,  though such an examina t i on w a s  mad e  for the t o t al 

l e af' p r o t e i n s  of wh i t e  cl ov e r  ( Laby , 1 9 6 9 )  0 

The f i r s t  p3.r t of the p r e s e n t  s tudy w a s  the refore a i med 

at suc h an examin a t i on u s ing F r a c t i on 1 and Frac t i on 2 

pr o t e ins of r e d  and wh i t e  cl over le u .... e s  a s  the fo aming 

ma te r i a ls . B e f o r e  such a pro j e c t  c o uld b e  c arr ied o u t , pur e  

l e af pr o te in s had t o  b e  i s o la ted from the c l o \re r le ave s . 
The ma j or c o n t aminan t s  of l e af pro te i� pr epa r a t i ons a r e  

c ompoli..'1d s o f  quin one - typ e  s truc tur e , pr odnc ed by a tmo sphe r i c  

ox id a t i on ,  c o.  t a ly s ed b y  the enzyme phen o l ox id a s e , of the 

s o lub l e  polyph e n o l :Lc c ons t i  tuent s of the le af . The s e  

quinone s c an  produce coval en t c ompl exe s with the l e af 

p r o t e in s ,  m od i fy ing the ir pigment a t ion > the i r  e l e c tr o phor­

e t i c  mob i l i ty ,  and the i r  fo am ing p r e pe r t i e s  ( Chap t e r  3 -
1 .  c ) . R ed c l over (lr i fo l i um pra t en s e ) pr o t e in s  b e c ome ve ry 

h i ghly c on t aminated w i t h  phe n o l o x i d a s e  produc t s , unle s s  the 

en zyme i s  inh ib i t ed . 

The me thod u s ed by Mangan ( 1 959 ) and B uck5_ngham ( 1 970)  

f o r  the i s o J a t i on of le af pr o te in s  f r om r ed cl o ve r  woul d  

h ave led t o  ser i o u s  c ontamin a t i on o f  th e l e af pro te ins w i th 

p o lypheno l oxid ase produc t s .  

S t if e l  ( 1 967 ) i s o l ated F r a c t i on 1 p ro t e in from e x t rac t s  

o f  luc e rn e  l e af chloroplas t s ,  b y  fL· s t  preci p :i t a t ing the 

t o t al pr o te in w i th t r i chlo r ac e t i c ae id , a known pro t e in 



d enaturan t s  and r'ed i. R s o lv j.ng the pr o t e i n p e l l e t  in an 

alknl in'J l) o r a  t e  buffe r .  Th i s p r o c edure y;c. s  shown b y  H eye s 

( 1 96 E3 �  pe r s onetl c omrnuIli c a t i on ) t o  rende r p e rmhI1 e n t l y  in· · 

s olub l e  mO f.;;"� of' th e Pl'Ew t l on 1 p r �) t e j.n . S t j_fel c l 8. imec. t o  

h ave frac t i ona ted h i s  pr o t 8 i� pre p ara t i on by ge l f i l t r a t i on 

on S e lJh ad e x  G 5 0 . 'fll i s  gel ha s aTl exclus j. on l imi t of 5 0 , 0 0 0  

an� � oul� Do t b e  e �p e c ted t o  s ep ar a te F rac t i on 1 p r o t e i n  

( MW 5 0 0 , 00 0 )  f r om F r ac t i on 2 pr o t e i ns o ,WV 1 0 , 000-300 , 00 0 ) . 

When gel f i :i  tr a b. on i s  u s ed t o  s e pa r' a t e th e s o l ub l e  l e af 

pr o t e in s ,  e i th e r  3 e ph ad ex G 2 00 ( ex c lu s i on l imi t 800 , 0 00 ) o r  

an aga r o s e  g e l ( e x c lu s i on l imi t 1 , 000 , 00 0 )  nre su i t ab l e  ge l s  

'---' ( I-'on , 1 9F 7 ; M cAr thur , 1 96 6 ) ,. rh i s  Vl ould c 8 s i; d o ub t  on th o '  

s i gn i f i c an c e  o f  S t if e l ' s  r e sul t s  i n  r c l a t i on to the b in d. i n g  

p r op e r t i e s  of F r ae t i on 1 pr o t e i n  for c a l c i um in r e J a t i on 
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to bloat . 

:!:n th i s  the s i s  c ons i d e r ab l e  a t t en"'.; i on w a s  givcn to 

i s ol a t ing the s olub l e  l e af p ro t e i n  frac t io rl s  in as pl�re.: a 

form a s  po s sib le and f r e e  of any phenoloxidase pr odu c t s , 

u s ing me t h od s wh i c h  would minimi z e  d en a tu r a t i on of the 

s o llilile p r ot e in s .  The p r o c ed ur e s  used are d e s c r ib ed in 

Chapter 1 - 2 a of the expe r im'3n � al s e c ti on .  

Two sys tems w e r e  used for me asur ing th e fo am p a r ame te r s  

o f  p r ot e  in f o ams . One o f' t he se w a s  a mod i f i ed ve r s i on o f 

the Mangan appar a t u s  ( 1 95 8 ) . In th i s  apparatus th e r e s i s tence 

t o  a Vie igb t i'all � .ng thr ough a c o lumn of fo am w a s  me a sured . 

Th i s  Vl cl. S  t e r-med i'o am s tr en g th and i s  u me asure of the r i g id i ty 

o f  the f' o am .  The s e c ond sys t em u �:ed t o  me a sure foam pb.'t a­

me ters  W2 S de scr ibed by LRby ( 1 9 6 9) . Th i s  appara tu s  me asured 



in add i t i on t o  r i g id i ty ( c ompr e s s iv � s trength ) , p a r ame t e r s  

( s tr e s s  r e l ax a t i on ,  foam re tent i on v o l ume , and d ra inage 

c ons tan t ) wh ich c ould be rel a t ed to the pe rs i s t e n c e  of fo a�B .  

The M anga.n app a r a t u s  was u seful for s tud ying v i s c o us foam s  

only , wh e re a s  t h e  L aby app ar a t u s  w a s  u s e ful for s t udy i�g a l l  

type s of foam3 t e spec i al l y  th o se parame t e rs wh i ch g ave a 

me asure of the pe r s i s t en c e  on n on-r i g id foams . T1J.8 L ab y  

appara tu s  w a s  the r e fore used for c�l 'O.o re.c t e r i z i ng al l the fo am s  

s tud i e d  in th i s  th e s i s ,  whe re a s  the Mangan app ar a tus w a s  u s ed 

only f o r  s tudying th e leaf pr o t e �n foam s . 

The prope r t i e s  o f  l e af pr o t e in foams 

The l e af pr o t e in foams w e r e  ch a r ac t e r i zed pr ima r i ly by 

their h igh r ig id i ty . The s3 foams w e re only pe r si s tent w�en 

the i r  c ompr e s s ive s tre ng th w � s  h igh . Th e pr o te i n s  were 

i r reve r s ib l y  d en a tured in the f o am ,  ?e c oming insolub l e  a s  a 

r e sul t of the ir ac t i on on s tab i l i z ing the g a s/w a t e r  int e r­

face o f  the bubb l e  f i lm s  pre s en t  i n  the foam. The ins o lu­

b i l i ty of the den a tured pro t e in mad e i t  po s s ib l e  t o  

d e te rmine t h E'  amount of d en a tur ed F i'a.c t i on 1 pr o t e in 
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r e qu i r ed t o  pr odu c e  a given vo l ume of foam. U S i ng th i s  

prope r ty i t  w a s  s h own tha t the r i g id i ty ( t! ompre s s ive s t r ength ) 
of F r ac t i on 1 pro te in foa ms w a s  cl o se ly re la ted to the amoun t  

o f  d e n a t ur ed I!' r ac t i on 1 p r o t e in i n  thn foam. 

The f o ams pr oduced from s o l u t i ons of Frac t i on 1 pr o t e in 

had max imUM r i g id i ty and p er s i s t en c e  a t  pH 5 . 8 . Th i s  pH 

i s  c l o se t o  the i soele c tr i c  pH ( Pon , 1 967)  of F rac t i on 1 

pr o te i n . Frac t i on ::; pro t e in fOB.ms exh ib i  ted maximum r i g id i  ty 



J.; 
. · at pH ' 8 c l o s 8  t o  5 . 1 , and pr od'J.c �-d pe r s i s t ent foams over 

the pH r an ge 4 . 5  to 6 . 3 .  Thi's wide pH ran§,e ove r whi ch _ 

the .foams are p e r s i s t ent is pre sumab ly e xp l aine d by t he 

he t c roBene o u s  nature of the se pr o t e ins g iving r i s e  t o  a 

r ange of i s o e le ctri c  pH ' s .  

The maximum amount of Fract i on 1 prot e in de n at ur e d  

o n  foaming a l s o  o c curre d at t he i s o e l e ct r i c  pH o f  the 

p r ot e in . T h i s  c an be exp l ained by re c o gn i s ing th a� the 

ne t e l e ctro s t at i c repul s i on is a minimum an.d t he c ohe s i on 

be t-ween the pro t e in mo le cule s i s  a m aXiLlUI!l at the i s o ­

e l e ctric p H  o f  the prot e in , whe n the net charge o n  �he 

. pr ote in is z e ro . 

Mangm: ( 1 959 ) and Laby ( 1 969) showed that t he t o t al 

s o lub le l e af prot e ins of c l ove r s  produ c e d  fo ams o f  ma-�i.mum . - -�. 
r i g idity at pH ' s  b e twe e n  5 . 4 and 6 .. 0 .  I t  wou ld. there fore 

s e em that t he maximum rigidity t ha t the s e  worke rs rAport e d  

wa s  due t o  denature d Fract i on 1 prot e i n i n  the foam . 
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The m inimum c oncent r at i ons o f  Fract i on 1 and Fra(;t io:1. 

o ' 
.-2 prote ins at pH 5 . 8  and 37 C ,  r e quired t o  produ c e  fo ams 

having me asurab le stre s s  re l ax :l.t i on were 0 . 02% and 0 . 03% 
w/v re sf e c t ive ly . 

The s i z e  of t he bubb le s making up the f O E'Jl'l gre at ly 

affected t he r igidity or the l e af prot e i n  fo ams . ]'or any 

g iven pro t e in conc entrat i on ,  r i g idity incre ased a s  t he 

bubbl e  s i z e  o f  the foam de cre a s e d . Thi s re sult c an b e st 

be exp lained in t e rms o r  the amount o f  denat ure d prot e in 

in a given vo lume of foam o f  d i fferent bubble s i z e . 

For smal l -bubb le f o am s , t he total sur :' a c e  are :... o f  

t he bl'bb l e s c onst itut ing t b �  .f o am i s  gre at er than i n  t he 
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s ame vo lune o f  f o am made up o f  l arge r bubb l e s . rr he gre a.t e r  

s u r f a c e  are a  produ c e s a gre at e r  amount o f  surfa c e  d e n at u r e d  

pr o t e i� .  The c ompre s s ive s t rength of t he f o am ,  whi ch 

incre a s e s  wit h  the amount of surface de natured pro t e i n  i n  

the f o am ( Chapt e r  3 - 8) , wi l l  ther e f o r e  b e  gre at e r  t he 

smal l e r  the bubb l e  s i z e  i n  t he f o am .  

The pr�pe rt i e s  o f  prot o z o al pro t e in and t he s a l iv ary f o ams . 

The o t he r  main s our c e s  o f  prot e in t hat c ou l d  b e  

p r e s e nt i n  t he rume n  o f  b lo at i�g animals are the prot o z o al 

p r o t e ins and the prot e in s  o f  the s al iv ary s e cre t i ons . The 

t he o r i e s  r e g arding t he import an c.: e  of t he s e  pr o t e i ns was 

d i s cu s sed in Se ct i o n  1 ( Chapt e r  1 - 3 .  a .  3 and 3 .  a .  5; , 
The h o l otrich pro t o z o al p:'ote ir. s  p r o du c e d  f o ams with 

p r op e rt i e s  ve ry s im i l a r  i n  Droture to t he l e af pro t e i n  f o am s . 

The opt imum _ pH for produ c t i on o f  per s i s t e nt vi s c o u s  f o ams 

from prot o z o al prot e in s  was c l o s e  to pH 5 . 9 .  T he ho l ot r i ch 

p r o t o z o a l  prote ins were surf ac e denatu r e d  in s t ab i l i z ing 

t he gas/wat e r  int e rf a c e  o f  the bubb le .s c o mpri s ing t h e  f o aru . 

The s al ivary s e c re t i ons examine d in thls t he s i s  were 

t aken e ithe r from t he o e s ophage a l  s e cr e t i on ( Se ct i on 2 ,  

Chap t e r  1 - 2 .  b .  2 )  o r  t he s a l ivary mu c oprot e in whi c h  was 

i s o l ated from the mouth s al iv a  of f e e d i ng a.r..imal s  ( Chapt e r  

1 2 .  b . o 1 .  a ) . The s e  s e c re t i ons weX' e  very d i f fe r e nt 

i n  c omr o s i  t i on and i n  t he ir f o aming p r o p e rt ie s .  The o e s o -­

phage al s e c re t i on c o nt ained in ad dit ion t o  low m o l e c u l ar 

we ight pro t e ins a h i gh mo le cu l ar we ight mat e r i a l  whi c h  

s t a i ne d  f o r  c arbo hydrat e  but n o t  f or pr ot e i n . T h i s  s e cre ­

t io n  did not produ c e  s t ab l� f o am s . 



The s al iva ry muc opr o te in ( Ly t tl e t on ,  1 9(4) pr oCl uced 
pe r s i sten t foams of l ow c o mpre s s ive s trength ,  a r e s ul t 

wh ich agree s w i th the l ow foam s treng th reported by M ang an 

( 1 959 ) . Thl.'; f o ams g en er a ted from muc opr' o t e tn s � lu t i ons 

we re unaffe c ted by chang e s In pH ove r  the pH r an ge 4 . 0 t o  

7 . 5 . The s al i vary muc o p ro te in foams the r e f or e , we r e  ve ry 

d iffe ren t in charac t e r  t o  the plant o r  p r o t o zo a l  pro t e in 

f o ams . 

The r e l a  t i  on of the pr o te l n  foams to b l o a  t .  

The e ar l i e r  impl i c a t i on s  o f  the I'o l e  of le af pro teins 

Vi a s  b a s ed o n  the evid ence tha t rumen � j. qu or and le nf 

p r o t e i ns pr oduced fo ams of max i mum me chani c al s tr en g th a t  

th e s�ue pH . The id e a  tha t Frac ti on 1 p r o t e in was th e 

c au s e  o f  b lea t re su l ted fro m  the r e s e arch of the C an ad ian 

workers  ( Se c t i on 1 ,  McA r thur e t  a1 . ) '. 

In th i s  the s i s  i t  was sh ovm tha t  t he o p t imum pH fo r 

t he produc ti on of p e r s i s ten t v i sc ous f u �us from pr o t o z o al 

pr o t e ins o c c ured a t  pH 5 . 9 .  Th i s  pH i s  s o  cl o se to the pH 

o p t imum for Frac t i o n  1 prot e in fo am prod uc t i on ( pH 5 . 8 ) and 

for rUInen l i Quor fo ams ( pH 5 . 7 ) tha t  i t  would be imp o s s ib l e  

o n  th i s  b a s i s  t o  d i s t ingu i sh be tween rlant pro te ins o r  

p ro t o z o al p r o t e ins a s  the fo aming agen t s  c au sin g the pH 

op t imum in rumen l i Qu o r  f o ams . I t  i s  therefor e po s s ib l e  

tha t C l arke ' s  hyp o th e s i s  ( Int r oduc t i on ,  1 .  3 .  a .  5)  reg ard ­

ing the r o l e  of pr o t o z oa i n  the b l o a t  synd r ome i s  c o rr e c t .  

The fo aming pr o pe r t i e s  of rumen l i Quor t aken fr om 

bl o a t i ng animal s we re s tud ied . The rumen fo ams were 

charac t e r iz ed by the i r  l ow . c ompr e s siv e s treng th but ve ry 
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h igh p er s i s tenc e . I n  tL i s  r e spe c t they d if fer ed from the 

pl an t and pr o t o z oal p r o t e in f oams , b u t  b or e  a c l o s er 

r el a t i on ship to the mU0 o pr o t e 1n foam s . Howe ve r ,  whe re a s  

the muc o p r o t e in f o ams we r e  una ffe c ted b y  chang e s  i n  th e 

pH of' the s ol u t i on b e ing f o umed , the rumen l iquo r exh ib 1 t ed 

two max ima of r i g id i ty a t  5. 7 and 4. 0 .  F oam per s i s t e n c e  

w a s  a s s o c i a teo. only wi th the pH 5 . 7  maximum . The only 

r e s emb l e n c ,� "b e twe en the f o ams from pro t o z oa l  p r o t e in s  or 

the p l an t  pr o t e in s and th o s e  from rumen l i quo r 'vya s  th e pH 

opt ima fo r p e T' s  i s  ten t fo am prod uc t i o n .  Th e irr.por t an t  

parame t e r s a s s oc ia ted wi t h  rumen fo ams w e re tho s e  me a sur ing 

pe r s i s t en c e rathe r  tha n ri g id i ty .  The Mangan appa ra tus 

the r ef o r e  was not as u s eful as the :Gaby app a r a t u s  in the 

s tudy o f  t he s e  foams . 

The d iffer ence s b e tween th e rumen ��d the Fr ac ti o n 1 

pr o t e in foams pr omp t ed a cl o s e r  examin a t i on of ��e ro l e  o f  

Frac t i on 1 pr o t e in i n  the pr od uc ti on o f  rumen foams . The se 

s tud ie s  r ev e aled th a t :  

( a ) Th e l evel o f  F rac ti on 1 pr o te in in the rumen l iquor w a s  

t o o  l ow to ac c ount for the p er s i s t ence of the rumen foams . 

The maximwTI concent r a t i on in the rumen l i qu o r  wa s 0 . 02% Vlv 
wh ich wa s th e m inimum re qu i r ed to produc e F r ac t i o n  1 pro t e in 

fo ams that had me asur ab le pe r si s t ence . 

( b ) When rumen l iquor c o n t a ining 0 . 02% 'v F r ac ti on 1 

pro t e i n  w a s  f o amed , only 24% of the Frac t i on 1 pr o t e in was 

surfac e d m. a tured a s  opp o s ed to 1 00% for a 0 . 02% Frac t i on 

1 p r o t e in s ol u t i on at pH 5 . 8 .  

( c ) Add i t i on o f  Frac ti on 1 p ro t e in t o  r umen l i quor to g ive 
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a c on c e n t r a t i on o f  0 . 2% 'v only sl i gh tly inc r e a sed the 

r i g id i ty w i t hout affe c t ing the pe r s i s t en c e  of the foq�s 

tha t  c o uld b e  g en e r a te d  from the r umen l i qu o r .  

The s e  r e s ul t s sug ge s ted tha t  wh "L l e  F rac t i on 1 pr ot ein 
is p r e s sn t  as a c ompone n t  of the rUInen f o am ,  i t  i s  no t 

th e main surfac t an t  re spons ible for the fo am and th a t  

o the r m a te r i a l s  a r e  c on t r o l l ing the ch arac t e r i s t ic s of 

the rumen .J.- oams . 

The effe c t of tempe r a t ur e  on the f o am parame t e r s o f  

f oams d e r ived :f r om rumen l i quo r  and c ent r i fug ed rumen 

l i quo r d i ff e �ed gr e a tly . The r ig id i ty o f  the c en t r i fug e d  

rume n l iqu or fo ams inc r e ased w i th inc r e a se in t emp e r a tur e 

whereas  the r ig id i ty o f  the fo am s d e r ived the unc en tr i -

fuge d  rumen l i quor sh owed the pre se nce of a p o s s ib le pha se 

c hange ove r  the t empe r a ture range 1 5°C to 2 00C .  The 

c ompre ssive s tren gth was c ons t an t  up t o  1 50C ,  de c re a s ed 

rap idly ove r the r ange 1 50C t o  200C ,  and rema ined con s t an t  

from 2 50C t o  S OoC .  

A po s s ib le explan at i on o f  thi s  phenomone n, wh i ch i s  

apparen tly assoc iated wi th the par t iculate ma te r i �. ,  i s  

that ab ov e a c r i t i cal tempera tur e , an tifoaming agen t s  are 

spr e ad ing in t o  the surface f i lm frorll s ol id particle s ( the 

c r i t ical t emperature for C1 8  fat ty acids to spr ead. from a 

sol id into the surface is close t o  1 SoC (Davies  and R ideal , 

1 96 1 ) .  As a consequence  some of the prot e in w ould b e  

displaced i'ron: the surface film,  thus lower ing the c om-

pre s sive s tr ength of the foam. 
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Another explanat i on is t1:.lat a vis c ous mat erial 

be c ome s s o luble at this cri t i c al t emperatu�e . It  has 

b e e n  shown in this t he s i s  ( Se ct
'
ion 2 , Chapt er 5 ,  3) that 

t he e ffe ct o f  viscous mater:i_al s , such as p:) lyvinylpyrro­

lidone , dextran and s od ium pe ctate � was t o  de cre ase the 

c ompress ive strength and illcre ase the per s i stence of  

foams . The stre ss  re l axat ion of  the rumen foams incre ased 

s light ly at  thi s  crit i c al t emperature , ind icat ing that 

the foams became l e s s s t able . It appe ar s  the re fore that 

the ant ifoaming agent hypothe s i s  is t he more l ike ly exp l ana­

t i on of the t emperat ure e ffe ct . 

It would there fore seem that the p art iculate  material 

i s  modifying the propert ie s of  the rumen foams , and that 

fu�ther re se arch should be c arri ed out on this fraction . 

This phenomenon c ouid p o s s ib ly be best examined by a surface 

chemical study of t he system , but such a study was out s ide 

, the scope of this t he s is . 

. ' Intera c t i ons between Fraction 1 prote in and other .��fac­

: t ant s .  

In the above sect ion it was s ugge sted  that whi le t he 

p l ant or prot ozoal prote ins or both could be re spons ible 

' Ior the maximum in rigidity of  the r:anen foams, at rH 5 . 7 ,  

the s e  prote ins were 0nly minor c omponents of the film , and 

the persi stence of the foru�s was contro l l ed by othe r f ac­

t o r s . In Chapter 5 o f  the experiment al s e ct i on the type of  

foam that could be generated from mixture s of  Fracti on 1 

protein and other surf act ant s was studied  in an att empt t o  

explain the characteristics  o f  the rumen ' foams . 



A l though e i the r F r a c ti on 1 p r o t e in or t he pr o t o z oa l  

p r o t e in s  c ould have b e e n  s tud i ed in th i s  se c t i on , F r ac t i on 

1 pro t e in vi a s  u.s �d b e c au se i t  i s  a w e l l  d e f i ned p r o t e i n ,  

was e as l 1y ' i s ola ted in lar ge qu.ant i i:. i e s  and a ls o  h a s  b e en 

c l aimed a s  t he p l an  t pro t e i n  r e s p on s ib l e 1'0 1" the b lo a t  

fo am ( In troduc ti on,  1 .  3 .  a .  6 ) . 

One p r omi s in g  the ory whi ch h a s  b e en put forw a rd c on-

c e rn ing th e c ause of D l o a t involv e s the ide a of a bal a n c e  

b e twe en th e fo am s t ab i l i z ing agen t s  and t h e  f oam inh ib i t o r s 

o r  foam b r e alce r s . I f'  the c on c e n t r a t i o n  of the s e  sub s t an c e s  

i n  the rumen favo ur s the pr oduc t i on of a s t able foam , then 

the b a l an c e  i s  sh i f ted in favour of the b l oa t in g  c ond i t i o n  

( s t i fe l , 1 '967 ) .  

( a ) L i  n id s  

The pr e s enc e of an t i foaming agent s in the rumen l i qu o r  

h a s  s o  f a r  n o t b ee n  c on s i d e red in th i s  d i s c u s s i on. The 

p l an t  l ip i d s have b e en though t o f  as the ma in s our ce o f  

an t ifoaming a gen t s  ( In troduc t i on ,  Chap te r 1 ,  3 .  b ) . I n  thi s 

s tudy , the polar l i p id s  of red c l ov e r  l e ave s w e re exam ine d 

for the i r  e ffec t ivene s s  as, an t i f oam ing agen t s  on F r ac t ion 1 

p r o t e i n  f o ams . The an t ifo ami ng po t en t i al of the se l ip id s  

w a s  in the orde r :  ph o sph a t yd y l  chol ine/ d i galac tosyl d ygly­

c e r idej mon og al ac to syl d i el YCe r ide/ sul PhOl i P id . 

�he e ff e c t  o f  the plan t  l ipid s w a s  t o  reduc e the 

r i g id i  ty and the pe r s i s tenc e of Frac t i on 1 pr ot ein f o ams . 

To expl a in t he prope r t ie s  of the rume n f oams i n  terms of 

p r o t e in a s  the fo aming agent and l i p id a s  the fu� t if oaming 

agen t , the presence of e x t r eme ly eff ic i ent f o am s t ab i l i z ing 

agen t s  w ould b e  r e qu i red to a c c oun t fo r the hi gh per s i s tenc e 
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of' the rume n f o runs . 

O the r ma t e r i a l s  we r e  there f'ore exam ined f o r  th e i r  

p o ten t i a l  a s  fo am s tab i l i z ing agen t s  o f  F rac t i o n 1 pro te i n  

i'o ams . 

( b ) Pe c tins 

Pec t in h a s  b e en sugge s ted f o r  s ome t ime a s  a pos s ib l e  

s t ab il i z i ng ag ent of the f'o am  pr e se n t  in the rG t i c ul o - r urnen 

of an imal s suf f e ring :f r om b l o a t  ( In � .. · oduc t i on , Chap te r  1 ,  

3 .  a .  2 . ) .  

I n  the p r e sen t s tud y ( Chap t e r  5 ,  2 . ) s od ium pec t. a t e , 

though no t p r od uc ing a s t able f o am b y  i t s e l f ,  s t ab i l i z ed 

F r ac t ion 1 pr o t e i n f o am when pr e se n t  in solut ion a t  a 

c onc ent r a t i on of 0 . 04% or mor e . 

N i chol s and D o e s e  ( 1 966 ) sugge s t ed tha t  pe c t in me t hy l  

e s t e ra s e  w a s  an imp o r tan t  fac t o r  i n  . the bl o a t  synd ro me . 

Th i s  enzyme hyd r o l y s e s the me thy l  pe c t in s  to g ive pe c t i c  

a c id and me than ol .  The y sugg e s t  thc t the p e c t ic ac id , i n  

t h e  p r e senc e o f  c al c i um o r  o th er i o ns j.nc r e a s e  the vi s ­

c os i ty of rumen l i qu o r  by pr odu c ing p e c t a t e  g e l s , whi c h  

t r a p  rmnen g as e s i n  a s t able vi s c o u D  foam .  
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In th i s  s tudy ,  a t te mp t s  t·o examine the effe c t  of c alc i u..rn 

pe c t a te on F ra c t ion 1 pr o te i n  f o ams f a i l ed , e i t� er b ec a us e of 

pre c i pi t a t i on o f  c al c i um  p e c t a t e  o r , a t  h ighe r c on cent r a t i ons 

of p e c t i c  aC id , bec a us e  of gel l ing of the s o lut i on b e f o re 

the f o am c ould b e  gen era ted .  

( c ) The s al iv ary s e cr e t i ons 

The s al ivary s '� c re t i ons ha ve b e e n  impl i c a t ed b o t h  a s  

fo am s t ab i l i z i ng agen t s and a s  an t'i foaming agent s ( a  d e t a i l e d  



survey c on c e rn ing the pr ope r t ie s o �  the s al ivary se cre � i ons 

was gi ven in the I n t r odu c t i o n � C hap t e r  1 ,  3 .  a .  3 . ) B e c ause 

of the p o s s ib i l i ty of t he s al ivary s e c r e t i on s  h av ing fo a m  

s t ab i l i z inf! pI' ope rtie :::; and b e c aus e the pr oper tie s of th e 

s a l i vary muc opr o t e in foams re sembl ed to s ome extent th e 

pr ope r t ie s  of th e rumen foams ( S e c t i o n  2 ,  Chap t er 3 ,  2 ) , 

the typ e s  of fo am tha t could be  g e n e r a t ed fr on; s oluti on s  

of mixtur e s  of Frac ti on 1 prot e in ful� the sal ivary secre -

t i on s  were s tud i ed ( Se c t i on 2 ,  Chapter 5 ,  3) . 

Two s e c re t i on s  were exam ined for the i r  e ffe c t  on 

Frac t i on 1 pr o te in fo ams . The fi rs t � f  the s e  was sal i vary 

muc o pr o tein wh ich was pur if i ed fr om t o tal mou th s al iv a a s  

d e scr ibed by Lyt tle t on ( 1 964) , and th e s ec ond se cre t i on 

was c o l lec ted from the o e s ophagus and t ermed the oesophageal 

mucin.  

The se se cre t ion s were shown to  be di fferent in compo-

s i  t i on and behaved d ifferently in tt.e j. r  int e r ac t i on with 

Frac t i on 1 prctein .  

The oesophageal muc in was an ex tremely effe c t ive 

s tab i l iz ing agent fo r Frac ti on i prot e in f oams . The c om­

pre ss ive s treng th of the foams were not affec ted by th is  

muc in,  but the foam r e t en tion volume inc re as ed from 0 . 2 ml 

for 0 . 028% Fraction 1 pro t e in al one to 3 . 6 ml for the 

foams gene rated from a 0 . 028% �. Frac t ion 1 protein soluti on 

containing muc in of 1 5 )lg rnl-1 s ial ic ac id c ont ent . S tre ss 

relaxati on also ind ic a ted an increatle 3-n per s :". s tence , the 

s tr e s s  re l axation d�cre asing from 6 ,, 0  x 1 0-3 g cm-2 sec-1 

fo r Frac ti on 1 alone to  0 . 9  x 1 0-3' g cm-2 s e c-1 for Frac t ion 
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. , 1 pr o t e in c on t a i n ing o e soph age al wuc in 

s i al i c  ac id c o n t en t .  

-1 
o f' 1 5  JIg ml 

1 ,, � ,  O f  

'l'.�le h 1gh rBtent i on v o l'l;]ne of th e fo ams gene r a t ed from 

the F r ac t i on 1 pr o t e in/oe B ophe.ge ::tl muc i n  mixtur e s  i s  

pl' cb s.bl y  due t o  th e s 1.. r 0r:.g wa te r-muc: in. int e rac t i o ns .  

'rh e  sal ivary muc opr ':) t � in d e c I' c u sed the c O:t�pr e s G j.ve 
� 6 s tren g tr.. of a 0 . 02% i,v F r e e  t i  on 1 pr 0 t e  i n  foam f rom. 3 .  g 

-? ... 2 
cm - t o  1 . 1 g err -- a t  a muc op r o t e i n  concent r a t i on e qu a l  

YI 
t o  0 1' ;r c a t e r  th an 0. 011.% Iv. Th i s  r educ t i on in 

c ompr e s s ive s t rength w a s  o f  gre a t e r  magni tud e th an could 

b e  exp l a ined b y  the e ffe c t  of' i n cr e a s ed v i sc o s i  ty of the 

muc opr o t e 5.n mole cul e .  'J.'hu s wh en polyv i nyl pyr r ol id one end 

d ex t r an  were added to Fro. c t i on 1 p r ot e j.n sol u t i on s  t o  

g ive so lut i ons o f  vi s c os i ty e �ua l t o  th e v i sc o s i ty o f  a 

0 . 04% muc opr o t e in s olu t i on , the c ompr e s s iv e  s tr eng th of 

the fo ams genera ted from t he se s olu t i on s  we r e  2 . 6  g cm-2 
- "  

and 2 . 8 g em c.. re spe c t :i.v e l y .  

Exam i n& t i on of the Frac t ion 1 pr o t e i n  d en at ured on 

foaming t he se muc o pr o te in m ix tur e s  c ho 'lled t h a t  th e 

WI dena t ured pr o t e in in - the f o ams gene r at ed f r'om 0 . 02% I, V 

F r ac t i on 1 /n . 01+% � muc opr o t e in mix tur e s  was onl y 56% of v 

the Fl.'acti on 1 d en a tured in foaming a 0. 02% Frac t i on 1 

s n l u  t i o�1 und e r  the same c ond i t i ons . S ince c ompre s s i  v-e 

s tren g tL h a s  b e en sh oVln t o  b e  rela ted. to t he level of 

denatured Fraction 1 pr o te in in the :foam , then the 

reduc t ion of den a t ur ed Frac ti on 1 prot e i n  in the roams 

g e ne r <:�_ t c(_ :from the se mixcCl sol u t i o n s  :p rob nb ly a C C oU11 t s  

fGr tho ob se rved r educ t i on in the c ompr e s s i ve s tr eng th 

of' the se foams . 



The s tr e s s  rel a:i�ati on and foam re ten ti on vo lume s o f  

the foams gene rated from the Frac t i on 1 prote in/mu00pr o te i n  

mix tur e s  ind i c at':!d a max imum pe r s i s t ence  for foams 

genera ted f r om solut ion s  containi..."1g mUc oprote in/Frac t i on 1 

pr-:>t t; in of compo si ti on 2/1 , \�/ .  P o s sibly Prac tt on. 1 

pro t e in/mucopr o t e in c omplexe s occur in the surfac e  f ilms 

of the foams generated from the se mix ture s ,  and th e na tur e 

of  the inte r a c t ion c ould be explained by a surfac e chemical 

s tudy of th e sys tem which was b eyond the scope of the 

pre s ent the s i s .  

The results  ob tained in th i s . thes i s  d o  no t agree w i th 

the theory proposed by Bar tley and Yavarda ( 1 961 ) who 

c l a irr.ed the sal ivary secre ti ons t o  be f'o am de stab il i zers  

on the bas i s  tha t add i t i on of  an imal sal i va or p] an t  muc i -

lage s t o  a saponin foam increased the rel ease of' gas from 

the fo am. 
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The r e s ul t s  do agree with the hypo the s i s  of Johns ( 1 958) , 

that the sal ivary muc opr'ot e in he lped to form 8. stable  

v i s c ous f oam, and with  the ob se rva t iono of  C larke ( 1 96 9 , 

unpub l i shed r �sult s ) that  add l t i on of 'bovine sal iva to  rumen 

c on ten t s  b e ing s tud ied in arti ftdal fer'mentor s ( C larke 

e t  al e 1 969 3.) r e sul ted in produc t i o n  of very pe rsis tent foams . 

Salivary muc oprot e in was added to a solution o f  F r ac ti on 

1 protein,  c ontain ing suffic i en t  l ip id to prevent a s table 

foam be ing produced, and th e  mixture foamed . The foam 

re sembled the rwnen fo ams in i t s  r i gid i ty and its  per s i stence . 

A mixed sys tem ,  cont aining leaf pro te in ,  sal ivary muc oprote in ,  

and l ipid was able  t o  support a foam wh ich was very s imilar 
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t o  the loams p roduced from rumen liquor with re spect  to 

the parameters  me asured here . T o  test  whe ther or not such 

a system c ould exist in the rumen of b�_oating animals , 

the surfact ant s pr0 sent in rumen liquor were examined. . 

The surfac t ant s in the rumen o f  b loat i r�g animals .  

The -us e  of the foa"Il. fract i onat ion method t o  s tudy 

the surfac·c an.t s  that concentrat e d  in the in vitro foam . 

generated  from rumen liquor , showed t� at l ipids had con­

c entrat ed in the foam from 2 t o  2i t ime s indicat ing that 

l ip ids were  an import ant comp onent of t he rumen f oam . 

Tb8 lip id s  were shovID t o  c onsist  main�y of  long chain 

f atty acids and neutral l ip id s . 

The s oluble c omponent s re sponsible for foam produc-

t i on were pre cipitated  from cent rifuged rumen liquor with 
w . 

60% Iv ammonium sulphate , and were shown , by acrylamide 

ge l electrophore s i s , t o  cont ain several prote in c ompon�nt s ,  

( including Fraction 1 prot e in )  and al s o  a glycoprote in . 

The glycoprot ein re sembled t he s alivary mucoprote in in it s 

behaviour in the analytical ultracentrifuge , and in it s 

pre cipit at ion propert i e s . This material was purified and 

it s ant ibody produced by inj e ct ing it into rabb it s . The 

ant ibod.y whE. n cros s-re acted wit h  the l e af .prote ins , proto-

z oal prot e ins and the two s a livary se cret ions t hat were 

stucii 3d in this the s i s , gave posit ive pre c ipit at i on 

re �ct ions only with the s al ivary mucoprotein and t o  a 

l e s ser degre e the oe sophage al ffiucin . 

Bart ley and Bas sette ( 1 961 ) de scribed t he ir i s ol a-

t ioD of t he foaming agent in rumen liquor· and showe d  it t o  



contain 6 3% pr ot e in :md 1 7% carb ohyd rate . �Ph e  i r  p r o� 

cedure was to ad j us t  the pH of the s olut ion t o  })H 4' 0 0 ,  

cl ar ify th e s olut i on wh ich s t i l l  c o nt a ined the foamj.ng 

agen t in sulut i on ,  and sub s e quen t l y  prec ipi t a t e  the foam ing 

agent w i th e thano l . The plan t  pr o t e in ( Frac t ion 1 and mo s t  

o f  Frac t i on 2 pr o t e in s ; S e c t ion 2 ,  Chap t e r  3 ,  1 .  b .  8. ) 

and the p r o to z oa l p r o t e in a.(' e  ins o lub l e a t  pH 4 .  ° and 

th erefore would no t have b e en includ ed in B ar t l e y ' s  foaming 

agen t preparati on . In fac t ,  of the s our ces  of pr o te in 

( s al ivary , p I  &''1 1:. and pr o t o z oa l ) , only th e s aLL vary muc o ­

p r o t e i n ,  b e c au s e  o f  i t s  l ow i s oele c tr' L c  pH , would s t i ll b e  

i n  s olu t j. on a t  pH 4. 0 and c onse quen tl y th i s  would h ave 

b e en pr e cip i ta t ed by add i t i on of e th an o l  as de s c r ib ed b y  

B ar tl ey e t  I'll . ( 1 9 61 ) .  'fhe ma t e r i al wh i ch w a s  i so l a te d 

i n  th i s  s t udy b eh aved a s  B a r tl e y ' s p� e pa r a t i on ,  and i s  

prob ab ly s im i l ar ma t e ria l , wh i c h  from i t s  an t igen i c i ty and 

che m i c al prope r t ie s  would appe ar t o  b 2  re la t ed to the 

s al ivary muc op ro t e i n .  

Incub st ion o f  s al ivary muc opr o t e i n  w i th ne uraminida se , 

an e nzyme whiGh c l e ave s th e s i al ic a c id re s idu e s  f r om the 

muc opr o t e in mo l e c ul e ,  r e s� t ed in a d e g r ad ed sal iv ary 

muc opr o te in mo le c ul e , wh i c h  w a s  mor e  s ens i t i v e  to the 

pre c ip i t i n  r e ac t i on of the antibody of the rumen foam ing 

agent . Th i s  would sugge s t  th a t the ma t e r i a l  i sola te d  fr om 

th e rume n l i quor c ould b e  re l a ted t o  s a livary muc o prot e in 

whi ch had und e rgon e  muc inoly t i c  d e g1� a6. a.t i on .  

M i shra e t  a l e ( 1 967 , 1 96 9 )  indi c a t ed th a t  bl oa t was 

as soc i a ted wi th large c o l o� i e s  o f  muc inoly t ic bac t e r i a  
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in the s a l iva and rumen c on l,e nt s of t he b l o a t ing animal s .  

The s e  w orke rs b e l ie ved tha t s al i.va was an an t if'oam ing age n t ,  

wh i ch when d e gr aded b y  muc ino l y t i c  bac t e r i a  d e s t r oyed the 

an t i foaming pro pe r t i e s  of' the s al iva . H owever in vi ew of 

the re sul t s  d e scr' ibed ab ove , ano the r expl anati on of 

M i shr a ' s r e sul t s  c ould b e  that th e muc ino l y t i c  b a c t e r i a  

d e gr aded the.: sal iva. ,  and the s i a l i c-free muc opro t e in i s  

the f oaming agent o r  f o a.m s t ab i l i z t • •  g agent pre sen t i n  the 

rume n .  

'l'he r o l e  o f  t ann Lls i n  the �l o at synd rome . 

In th i s  the s i s ,  the so lub l e  p r o t e i n s  ( e x t ra c t ab l e  i n  

pho sph s..t e  b uf f e r  - pH 7 . 5 ) f r om a gro up o f  b l ea t ing and n on­
b l o at i ng le gume pa s tur e s  W0 re exam ined . A l l  the temp e ra t e  

n on-b l oa t ing spe c i e s we re ext. r eme l y  l ow i n  so l ub l e  p r o t e in ,  

a r e sul t  Wh i c h  c onfi r med th e re se arch o f  M cAr thur e t  al . 

( 1 968)  who found tha t the n on-b loa t ing l egume s c ont a ined 

v e ry l ow c onc en t r a t i o n s of F r ac t ion 1 pr o t e in .  The se 

re suI t s  seemed unu s ua l  b e c ause many oi' the non-b loa t i ng 

l e gume s have 80ft , g r e en l e av e s  tha t wou ld be expe c t ed to 

be h igh in pho t osyn the t i c ac t iv i ty , and he n c e  h i gh in 

F rac t i on "I pr o t e i n  wh i c h  i s  the pr o t e in aes oc iat ed wi th the 

p ho t o syn the t i c  ac t i v i t y .  

In �h i s  s tu:l y  t h e  m a t e ri al from �'lon-bloa t ing p a s ture s 

w a s  al s o  e x t r a c t ed in t o  ph o spha t e  buf' f e r  c on ta i ning 2% 'i'v 

p o l yv inylpy r r o l idone , PVP , a sub s t an c e  wh i ch ha s b e e n  

r e p o r t ed t o  form. c omple x e s w i t h phe nol t c s  ( And e r s on ,  1 968 ) � 

The se e x t r ac t s  c on t p-i ned the normal l eve l s of pr o t e in found 

in th e ex t r ae t s  made f r om the bl oating l e gume s .  The s e  
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r e sul t o  sugge s t ed tha t the temp er a te non-bl o a t in g  le gume s 

c on t a i ned c o n s t i tuen t s  th a t  ar e re l e ased on gr ind ing th e 

l e af' t i  ssue , a nd pre c i p i  t a  t e  th e s o l ub l e  l e af pro t e i n s , 

and. whi cl: pre:fe re n t i al ly c o mb in e  w i th PVP r a th e r than w i th 

pro t e i n s .  The se pro te in pre c i p i t an t s we re i s o l a t ea fr0m 

I .. o tus .12edunculatus  C av .  an d  shown to be c ondensed t ann in s y 

wh i ch w e r e  shown to fo rm i n s o l ub l e  complexe s w i th the 

so l Ub le l e af pr ot e ins . 

T ann in s  h ave b e en d ef ined by Sw a i n  ( 1 96 5 )  a s  c omp ound s 

of mo l e cu l a r  w e i ght 500 t o  � , OO O , c on t a i n ing a t  l e a s t  1 -2 

phen ol i c  hydroxyl groups p e r  1 00 m o l e cul ar we igh t , wh i ch 

c an c omb i ne wi t h  p r o t e in s  c au s ing p re c i p i t a t i on of the 

p r o t e in s . N o  s a t i sf a c to r y  che m i c a l  a s s ay of t ann in s s e em s  

to have b e en d ev i sed ( Fe eney and B o s t o c k ,  1 96 8) wh ich led 

u s in th i s  theS i s  to d e t e c t  th e i r p re s enc e  in le gume s b y  

t he i r ac t i on a s  pro te in prec i p i t an t s .  
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A gre a t  d e al of mi sund er s t and ing h a s  a r i s e n  over th e 

t e rm ' t ann i n ' . Mos t repo r t s  of t annins in forage s h ave 

me a sured t ann in a s  t ot al pheno l i c c cmpo lmd s  or as the l e uc o ­

an tho cyani n s , wh ich a r e  mono@p, r s  of t he cond en sed t ann in s .  

The l e u c o an t h o c yani n s  are common t o  mo s t  le gume pa s tur e s 

and d o  no t c au se pr e ci pi t a t i on o f  the s o l ub l e  l e af p r o t e in s . 

Thu s  M i l t imore e t  al e ( 1 970 ) c l a imed �·ha t ' t ann in s ' , 

me a sur ed a s  l euc oan thocyan in s , we r e  pr e sent in th e l e ave s 

of lucerne ( Med i c ago s at iva L. ) to a c oncen t ra t i on of 2% 

d r y  we i gh t , and �ha t the bl o a t  p o t en. t i ? l  of th e for age 

inc re a sed a s  th e ' t annin ' c ont ent of th e le ave s inc re a s ed .  



In thi s the s i s , luc e rne was examine d for t he ccndens e d  

t annins ( by t he i r  ab i l ity t o  p r e c ip it at e  pr o t e ins ) but 

t he s e  were not de t e ct e d  in any o f  the l u c e rne p l ant s 

e xamin0 d . We conc l ude that M i l t i more e t  al . c ou ld n o t  
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have been me a suring t rue t anni ns � but pr obably the l e u c o ­

antho cyanins whi ch are very c ommon i n  the I A gume p a s t ure s  

but do not c au s e  pre c ipit at i on o f  the � o l ub l e  l e af prot e ins . 

The s e  re s ult s would app e ar t o  supp o rt t he the o ry t hat 

l e af prot e in s are in f act t he f O aming agent s r8 sp on s i b l e  

f o r  the b l o at f o am . Howeve r ,  a c l o s er exam inat ion o f  t h e  

pre c ip i t at i o n  prop e rt i e s of the c o ndens e d  t annins o f  Lotus 

pe duncul atu s C e v . re ve al e d  t hat t he se t annins not only 

pre c ipit at e d the s o lub le le af pr ot e ins , but als0 .tha p r ot o ­

z o al pr o t e i n s , the s al ivary muc oprot e in , :-md the f o am i ng 

agent s pre s ent in the rume n l i quor t ake n from b l o at ing 

animal s .  The t annins the re f o r e  app e ar t o  b e  °!lnspe c if i c  

f o r  the pr e c ip it at i on o f  pro t e ins .  The r e fore it would 

s e e m  t hat if t annin s could b e  incGrporat e Q  into t he b lo at 

p r o d�c ing l e gume p a s ture s , b l o at could be e l imin at e d  by 

the act i o n  o f  the p o lyme r i c  c onde n s e d  t annins on the 

p r o t e inac e o u s  rume n  fo aming agent s , c au s iIl g the ir pre c i p ­

i t at i on from s o lut i on and. inhib i t i on G "f  fo am product i on .  

'T'hi s cou l d  p o s s ib ly b e  a ch i e ve d  in two ways : 

( 1 )  T o  breed t annins into the al re ady exi s t ing 

b l e at ing l e gum e . 

( 2 )  'I' o feed animal s on mixe d  pastur e s  o f  t he 

b l o at i ng p as ture and e�o the r spe c ie s 

c ont 8 i n ing t a nn i n s . 
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In New Z e aland , t hE\ ma j o r  b 1 o a t :i ng spe c i e s are the 

c l ove r s  and the refore a s e l c c � i o n o f'  spe c i e s  f rom the 

T Qfol i� genus wer' e  exam ined . O f  the 30 T r i fo l iurr: "lpec ie s  

e xam ined in th i s  t he s i s , t ann ins w e re found only in th e  

s pec i e s  Tr ifo l iurl,1 C!rven�� .k and al til ou gr. th i s  pa r t i cu l a r  

spec i e s  i s  usel e s s  a s  a fo r ag ing p a s tur e 9  the f ind. i ng 

of" t ann i as in the T r i fo 1 i ul] genus doe s ShOVI tha t the 

po s s ib i l i ty exi s t s  of f ind ing a sp e c ie s Y'.'h ic h m 1 gh t  prove 

s ui t ab l e  f o r b r eed ing in t o  th e �T 8\"'l Z e al a.'1d pa s t u�.' e s  in an 

a t tempt t o  m i n im i z e  the oc c urenc e o f bl oa t . 

T annins Vi e r? Sh OWl l to be c ormnon 1.11 the L o t u s spe c ie s -- -

exami ned in th i s  the s i s . If the prob l ems of m i x ed 

r e growtil tha t  oc cur s  in a wh i te c l o ve r/L o t us ped':B.£Ela t u s  

p a s ture c o uld b e  ove rcome , a pa s tu re cont a ining cl over 

and 9. t ann in- c on t a in ing pasture suc h  a s  L o tus , cl o sely 

a s soc i at ed s o  th a t they a re gr ,=\zed t o ge th e r , might al so 

p r ove use ful in c on t r o ll i ng b l oa t .  

C onclud�ng Rema rks 

B l o a t  in c a tt l e i s  c au s ed by the pre senc e of a 

s t able v � s c o u s  foam i n the rumen . The c au s e  of th e f o am 

c anno t be e xp l a ine d  in t e r·ms of any s i ngl e foaming 

sub s t a nc e , t h ough le af pro t e ins have been impl ic a ted b y  

o the rs as the ma in f oaming sub st nri ce .  

The r e sul t s  of t h i s  s tudy i:'�d i ca ted tha t  al though the 

Ie at' pro te ins are pr ob ab l y  a nec e  ssary � omponen t of the 

bl o a t  form, they c anno t  by themselve s  ac c ount f o r  the 

per s i s tenc e .  o f' the bl o a t  fo ams pr oduced 'i n  the rumen o f  



animal s feed ing on red �love r pa stur e s .  

'l'he b a s i c  requiremen t s  for the pr oduc ti on of fo ar1s 

reserrib l ing the rumen fo am s are : 

( 1 ) Pr ote ins tha t c an pr oduc e f oams of max imum 

pe r s i s ten ce a t  pH 5 .  7 • e .  g .  l e af' or 

pr o t oz o al pro t e in s .  

( 2 ) F o am s t ab i l i z ing agen ts . 'The resu l t s  of 

�:d s the s i s  sugge s ted the sal ivary 

se c re t i on s .  

( 3 ) The plan t l ip id s .  
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APPENDIX 

Throughout thj s tne si s , e quipment and spe ci al i zed . . . 
chemic al s  have been marke d with an ast e r i sk � . Det a i l s  of 

the mallufactuTers ' addre s s e s  and chemic al propert i e s  of 

the se mate rial s  are given b e l ow :  

IlP J uroni c "  i s  the trade name of  a serie s of p olyme rs 

comp os ed cf p o lyethylene glycol polymers that have been 

condensed on to both ends o f  a polypropy� ene glyc o l  b a se 

unit . They c �� be repre sent ed by the chemical f ormula :  

where a ,  b ,  c are the ave r ae;e number of repe at ing unit s 

in the polyme r . 

The se mat e�ial s  are extreme ly e ffe ct ive non-ionic 
. '  -'":--

det e rgent s . They are manufactured by " Wyandott e ll Chemic al s , 

Wyanadot te ,  Michigan . 

page 33 

"b i s -.acryl am ide I I  N ,N ' ille tr.ylene b isacrylamide . Chemi c al 

formula ( CR :  CHCO NH2) 2 CH2 • It is the cros slinking 

monomer use d  in the preparation of polyacrylamide ge ls for 

e l e ctrophorf' s iB . This material was manufactured by Eas tman 

Organic Chemicals , Roche ste r , New York , U . S . A . 

Temed is the · common naine i'or N ,N ,N ' ,N ' tetramethylethylene 

diamine ( ( CH3 ) cPCH2CI-I2N (  CH3 ) 2 ) . I t  is used as a c at alyst 

in the polymeri z at ion of acrylamide by free radi cals . The 

mat e ri al was manufactured hy Eastman Organic Chemical s ,  

RC I '.hf' ster , NeVI York , U . S . A .  



page 33 , 34 

C ouma s s i e  Br i l l i nnt B l u e , Pro c i on Blue and Al!lido B l a c k  
",' 

·aTe dy e s  whi ch have b e e n  found u s e ful at de t e ct ing pro t e ins 

f o l l owing e le ctrophore s i s  ( Faz ekas de St . Groth , S . , '{veb st er , 

B . G . ,  Datyner ,  A .  1 963 , Bio chem . Bi ophy s . Act a .21 ,  p . 3 77 ) . 

The chemic al forumlae are : 

Pr J c i on Blue 
- chromophore - N H  -

C oumas s ie Bri l l i ant Blue 

Amido Bl ack 

/ N � 
C� � f - Cl 

N __ �N 
C - C l  

All o f  the s e  dye s were manufactured by Imp e r i al Chemi c al s  

Indu s tries , Gre at Br it ain . 

Rage 34 

M i .:'.rodensi t omet e r , Mode l IVIK.. :r:r r c ; an aut omat i c  s c anning 

re c ording dens it omet er , doub l e  beam in oper ati on , with 

dens ity r ange s 0 - 0 . 5 ,  O · · �· 1 . 0 and 0 - 2 . 0 ,  and line ar 

magnif i cat ion adjustable betwe en x1 and x20 . Supp lied by 

J oyce Loebl & C o . ,  Lt d . , P:rinc e sway , T e am Val ley , Gate she ad 1 1  
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Analy t i cal Ultracentrifuge Mode l E ;  a me challic al �y driven 

:uTtra cent rifuge , fitted with s chlieren opt ical system , 

c ap able o f  rot at ional speeds .  up . t 6  60 , 000 1' . p . m . , me an 

di st ance of sample c e l l  from rotat ion ax i s  6 . 5  cm . 

Supplied by Beckman Instrument s , Sp inco Division , PaJ_ o  

Alto , C al iforni a ,  U . S . A .  
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Amino Ac id Analyser Mode l 1 20C ; a n  aut omat ed instrument 

using cat ion exchange chromatography on a 3trongly ac i d  

( -S03 ) re sin ( Dowex 50 x 8) ; separate  c o lumns used for 

b asic amino acids and for neutral and ac idic amino acids , 

the former e lut ed with c itrate/HCl huffe r , O .  35N" , pH 

5 . 25 ;  t he latter 1Nith s i.mi l ar O . 2N buffer at  pH 3 . 25 

followe d by pH 4 . 25 ;  the sensit ivity o f  the instrument is 

· 1 0-8M for each amino ac id ; c al ibrat ed prior to use W l  th 

mixture of 0 . 1  p mol of 1 8  amino acids c ommonly �e s o lve d . 

Supp l i e d  by Beckman Instrument s ,  Palo Alt o , Californi a , 

U . S . A .  

, page 40 

Dia,flo  I! Cent iflo l l  membrane s ;  conical ultrafilter membrane s ,  
: t o  ret ain mC le cul e s  "of mole cul ar we ight gre ater than 50 , 000 . 

. Supp l i ed by Ami c an Corporat ion , Lexingt on , Mas s . ,  U . S . A . 

.l2� !.�o 

·At om i c  Abs orpt i cn Spectropt o t ome ter , � e chtorn AA4 ; when 

. fitted  with the appropriat"e Ga hollow c athode .3ource l this 

instrument give s 50 % abs orpt i on of the spe ctral line at 
o 

'+227 A at a s ample concentrat ion of 7 p . p . m .  C a++ , and has 

.8. limit ( 1 /& abs orpt ion) of 0 . 1  p . p . m .  Suppl ie d  b� Perkin 

Elmer Instrument s Ltd . , Be c c onsfiel d , Bucks . ,  England . 
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S i l i c a  ge l G ( for thiL l ayer chromatography ) was supp l ie d 

' by E .  Me rck , A . G . D5.rILst C:l.dt , Ge rmany . 

page L�1 

Thin Laye r Spre ader , Unoplan ; wi ll  spread o n  uniform l aye r 

o f  material on gl a s s  pl at e s for thin laY0 r chromat ography , 

o f  ad just ab le tnickne s s  from 0 . 1  t o  1 . 5 mm . Supplic: d  by 

Shandon Sc ient i fic Co . , Wille sden , London , N .W . 1 0 . 
" 

page 44 

Polyc l ar A . T .  is the c ommerc i a l name for a water inso luble 

p o lyvinyl pyr- _' olidone . It i s  manufactured by the General 

Ani l ine F i lm Corp orat i on , New York , U . S . A .  
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Column Effluent Monit or , Uvicord ; me asure s the ab sorpt i on 

o f  ultra-violE' t l ight ( 254 urn) --by the l iqu id fl owing from 

the column , ffi1d r e c ords the value s on a strip chart r e cord­

er ; fl o'N c e l l  used was 3 nun s e ct i on .  Supplied by L . K .  3 .  

Prod.ukt e r  , Stockholm 1 2 ,  Swe den . 

page 4-7 , 50 

Sephad ex and Sephar o s e  are the trade n ame s o f  cro s s l inked 

dextran and agarose  ge l s  re spe ct ive ly . The d i ffere nt typ e s  

o f  Sephadex and Sepha r o s e  ge l s  di ffer i n  t he de gre e  o f  cros s ­

l inking or agarose  c o nt e�t , whi ch re sult s in di ffe r � nt pore 

s iz e s  in the ge l matrix . Th-e limit ing . molecular s i z e  whi ch 

c an di ffu s e int o the ge l matr ix va.r ie s with t he pore s i z e  in 

t he ge ls , whi ch act · as mo le cular s ieve s and there fore s ep arate 

molecul e s  on -�he ba s i s  of the ir molecular size . In th i s  the s is 

two Sephadex ge ls  ( G75 and G200 ) and one Sepharose ge l ( 4B )  

we re used . The s e  ge l s  are dp. flned by the fo l l owing � imit ing 

molecular ",,-e ight s whi ch can diffuse int o the g e l . 
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S ephadex and. Sephar o s e  ge l s  are manu fa c ture d by Pharf:1 ac i a  

Product s L i m it e d , Uppsala , Swe de n . 

Preparat iv� Ultrac e nt r i fuge L-50 and L-65 ; high spe e d 

centrifuge s in ,Nhi c h the rot o r  r uns in an evacuat ed , 

re frig e r at e d  chamb e � ; the r o t or u s e d  was type 50 , wi t h  a 

max imum s amp le radius o f  7 . 1  cm and a t op sp e e d  o f  50 , 000 

r . p . m .  Supp lied b y  Be ckman I n s t rume:ll';; s ,  Sp inco Divis i o n , 

Palo Alt o � C alifornia , U . S . A .  

S ') page / c.. 

3 .R'ilVI i i l  t e l. ... pape:r:, was .manufact.ured .  by Whatman (W . & R .  

Bal st on L i mi ted 1  Eng l and ) .  
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DEAE c e l lu l o s e , i s  a c e l lu l o s e  powde r  on which d i e thyl ­
am ino e thyl ( tEAE ) gr oups  have been c onde ns e d t o  pro du c e an 

rulion exchange mat er ial . The material  used in th i s t he s i s 

wa s  manu1' a c t ured by B i o - r ad Lab orat orie s ,  Richmond , 

Cal iforni a 5 Al l other chem i c al s  were o f  an a lyt i c a l grade 

qu al ity . 

Transducer  UL-1 0-1 20 ; a strain gauge in which a varying 

t hrust or l o ai on a sens ing arm di fferent i ally change s the 

t e n s i on on two p air s of re s i st e nc e w:i . ..:'e s ,  t hu s  changing 

the vo lt age output of a br i dge c ir c u i t  of whi c h  t he w i r e s  

a r e  c 0mpone nt s ;  a ch ange in l o ad of  1 0  g give s an O'J:rput 

of appr ox . 2 mV p e r  1 vo l t  imput t o  the bridge ; up to t h i s  



po int the output i s  l ine ar wi�h load t o  ± 1 % .  Supp lie d by 

Sh:i".nkoh Communi 0 at i on Injustry Co . ,  Zll. shi , Jap an . 

p8.p..;e 68 
M i l lvo l t  Rec order Mod e l  QPD54 ; a line ar chart re corder with 

a D . C .  imput range : 1 ,  2 ,  5 ,  1 0 , 20 , 50 , 1 00 ,  200 alid 500 mV 

in st epw"ise range s ,  a sensit ivity of be t t e r  than 0 . 1 % o f  

fu l l  sc ale , and arl accuracy o f  better than � 0 . 5% of  full 

s c a l e  defle ction . The balanc ing spee d  o f  t he re corder i s  

18 s s  than ons s e c ond f or full s c ale movement o f  the pen . 

The 0bart spe ed is variab le from 5 mm/min t o  240 mm/min 

and the e f fe ctive c hart width is  250 mm . The z ero ad justment 

i s  cont inuous ly ad j u s t able over ful l  s c al e . The re c order 

is supp l i e d  by Hit achi , Ltd . Tokyo , Jap an . 
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