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ABSTRACT 
Factors relating to the bloat-controlling 

efficacy of several anti-bloat pastes 1·1ere studi ed. 

Firstly, the detergent diffusion rates of 

various pastes were measured in a rufficn model. In 

c omparison with the liquid detergent control, some 

formulatj_ ons were found to markedly slow the vrashout of 

detergent from the model. 

A theoretical paste dosine schedule versus liquid 

dosing schedule, based on the rumen mouel calculations, 

revealed several advantages of the paste formulation 

over the liquid. For example, the paste mai nt�ined a 

more steady detergent concentration and extended t he 

interval between dos ings. 

An i nvestigation of the effects of adL�nistration 

to the live animal on the intactness of the paste bolus 

1vhen delivered at the cardia Has U...YJ.dertaken. It 1-1as 

found that the reaction of the animal to the dosing 

procedure ha d a strong infl�ence on the degree of 

intactness of the paste bolus enter ing the rumen. A 
di fference betvreen animals in t:nis respect was o o:::;erved. 

It was shm.;n that i'raewented boli co llected at 

the cardia dissolved more quickly thD.n i...'ltact boli i.vhen 

s ubjected to mild agitation. The consequences of this 

in relation to persistence of protection for bloat v1ere 

disc ussed. 

The decay curves of Poloxa lene deterGent admin­

istered to steers in either a liquid or a paste forwul­

ation were c alculated and compared. As a stfu'ldard 

control agai nst vlhich other materials might be coopared, 

the concentration decay c urve of a Hater soluble rumen 

marker ( polyethylene glycol, 40 00 ) was determined in 

each steer. 

It vias found that the paste forr:rU.la tion did not 

sloi·T the washout of detergent from the rumen by more 

than about t-vm hours. .iUso, the average concentrat ion 

dilution rat es of dete rgent and PEG 4000 were found to 

be similar. However, at high Poloxalene dose rates, 
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the endot;cno u s  water inflow to the rumen was found to 

increa se markedl y \-l'hich in turn influenced the average 

detergent dilution rate. 

The diffusion rate curves of Poloxalene paste 

either in the rumen model or in v ivo showed striking 

s imilaritie s. This sugge sted. �nat tfie rumen model 

might be a valuable screening system for new paste 
formulati on s. 

Several field trials Here U.'1dert2.ken to test 

whe ther the bloat-con trolling eff ic acy of paste formul­

ations o:.Z detere;ent was better than that of liquids, a..'ld 

to examine the validity of the rumen model findings. 

Unfortunately, tre bloat challenge on each occas�on wa s 

insu.fficient to collect the necessary data. Ho\·lever, 

valuable information regarding the requireracnts for 

satisfactory field trials wus obtuincd. und. are d.i�cussed. 

that: 

1 ) 

In summary, the resclts of the study shoHed 

Pastes can be formulated 1-l'hich , relative to s imilar 

liquid. preparations, will s lol·l the ra'te of detergent 

vm shou t fror.:J. a rumen model. 

2) The in vivo detergent decay curve s of both 
roloxalene paste and liquid \lCre SiwilaY to tho se 

determined j_n vitro. Togetner with (I ) Cl bove, 

this suggests the rumen oodel might be a u seful 

screening system. 

3) Paste boli delive red. at the cordia cc.:.1 vary vridely 
in intactne s s  between <.md 1-l'ithin a.'lirrw.ls and this 

depends largely on ru1imal reaction to the dosing 

procedure. 

4 )  Frae;mented boli dissolve more qllickly tha...'1 intact 

boli in vitro and this characteristic may be 

crucial in detergent longevity in the rumen liquor • 

• 

Therefore it i s  concluded that: 

1 ) The ru . .men model warrm1ts developir.;ent ar..d t e s ting . 
2) .An efficient analyt ical method needs to be 

developed for detecting detergents in rllitien liquor. 
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This 1<10uld allow o..ccurate in vivo detergent decay 

curves to be established. 't.'ithout this, further 

progress vlill be slow. 

3) Field trials must still be carried out to provide 

and confirm relationships bet1·reen in vitro results 

and f ield efficacy. 
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INTRODUCTION 

The ruminant has a unique digestive tract with 

a large pre-gastric fermentation chamber. As such, it 

is particularly pr one to bloat and this susceptibility 

appears especially in the domesticated bovine species. 

This often fatal condition can be prevented by 

the administration of anti-bloating agents. Several 

methods of administering these materials have been 

developed; each with the aim of ensuring adequate anti­

bloat material is present in the rumen when the animal is 

most at risk. To be confident that cattle will be 

protected it is necessary to drench animals with 

liquid preparations every twelve hours and even then 

an excessive bloat challenge or unusual individual 

susceptibility might result in fatalities. 

The necessity for repeated dosings at short 

intervals is that food, water a nd saliva continually enter 

the rumen while digesta leaves and this turnover results 

in dilution of any admi nistered medicines. In addition, 

chemical breakdown, microbial breakdown or absorption 

fr om the rumen,may further reduce the concentration of the 

material in the rumen liquor. 

To improve the persistence of an effective 

concentration of anti-bloat agent in the rumen liquor, and 

thereby perhaps extend the necessary d osing interval, 

some means has to be fou nd of slowing down the washout 

of the bloat preventive. This might be achieved by 

incorporating the anti-bloat detergent in a semi-solid 

base from which it could diffuse into the rumen liquor 

at a constant rate. Several such depot systems have been 

under development in recent years and these include t he 

anti-bloat capsule, the anti-bloat gel ring and anti-

bloat pastes. The latter are stiff, grease-like materials 

incorporating anti-bloat detergent and they can be 

administered to cattle using a specially designed gun .  
If any form of depot system, particularly one as 

simple as a paste formulation, could enable the dosing 

interval to be extended safely to once every second day 
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o r  even onc e daily , there would be o bvious economic 
and practi cal advantage s to dairy farrers . 

The purpos·e- o f  this study was to inve s t igate 
some charact eri stic s o f  e xpe rimental anti-blo at paste s 
which might affect  the blo at c ontrolling e fficacy of 
the formulat ions . 
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LITERATURE REVIEW 

Bloat (Ruminal Tymp anite s )  i s  the sign of  an 

exce ssive accumulat ion of  gas in the first two 
compartme nts ( reticulum and rumen ) o f  the ruminant 
s tomach . 

The di sorder  occurs in all ruminant s but is mo st 
common in cattle and in this spe cie s may have a high 
mortality . I t  is particularly common in countrie s where 
year-round graz ing i s  pract iced such as New Ze aland and 
Australia . In the U . S . A .  and Great Britain it occurs 
mo st commonly on newly de veloped highly product ive 
p asture s  and as a consequence i s  a deterrent to  the 
development and ut ilisation o f  such pas tures . It is 
c omparat ively uncommon in shee p in the se countrie s .  

The di sorder occurs in two forms . The less 
c ommon i s  se condary bloat which occurs sporad ic ally and 
i s  due to extra-gastric factors such as obstruc tio n  to  
the no rmal eructation of gase s due to  solid objects  
l odging in the o e so phagus , e . e .  apple s ,  turnips .  

The other and major cause of  bloat i s  gastric 
i n  origin and is  termed primary bloat . Thi s occurs in 
cattle at pasture ( pasture blo at , legume bloat ) or on 
dry conce ntrate fe eds  ( fe ed-lot blo at ) as a re sult o f  
foaming o f  the dige sta.  

The ae t iology of the disorder is complex and not 
fully understo o .d but the environme nt of the plant , 
c haracteristics o f  the animal and the state o f  the 
ruminal microbial population all play a role . 

I n  New Zealand , the incide nce o f  blo at increased 
from 0 . 22�� of  all d airy cows in 1 938-43 to 0 . 74% in 1 96 1 -
6 2 .  I t  has since fluctuated be twe en  0 . 30% and 1 . 20% 
e ach spring (Re id ,  1 973 ) . 

Unlike o ther cause s of  cattle wastage in which 
the inc ide nce incre ase s with age , deaths due to blo at 
o ccur more commonly in young c attle ( Clifford , 1 96 4 ) . 

In rec ent ye ars , the total number of d airy cows 
has decre ased in New Zealand where as the number o f  bee f  
animals has incre ased . Neverthele ss, bloat i s  still a 

--...... 
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serious disease o f  dairy cattle and as ye t i s  not a 
great pro blem in bee f  cattle or in she e p  ( Clarke and 
Re id , 1 9 7 4 ) • 

Bloat c an be acute o r  chronic . In acute cases, 
de ath is  the like ly outcome i f  treatment is not given 
quic kly , where as in chronic bloat , the chance o f  death 
is less likely . H owever , the feed intak�of chronically 
bloated c attle are reduced , re sulting in lowered milk 
production in dairy and bee f  cows and reduced live weight 
gains , which is particularly important in be e f  herds  
( Scott , 1 965 ; Wolfe and 1azenby , 1 972 ) . 

Bloat in New Ze aland occurs predominantly on white 
and red clover-dominant p asture s ,  particularly when the 
plants are at the young , lush , rapidly growing stage s . 
The condition has also occurred on subterranean clove r, 
lucerne and lush grass pasture s ( Johns , 1 954 ; Re id and 
Johns , 1 95 7; Jones and 1yttleto n ,  1 97 1 ) .  

The Cost o f  Bloat 
A rec ent e st imate of  the mone tary cost  of  bloat 

to the New Zealand d airy industry was $8 , 000,000 per 
annum ( Clarke and Re id , 1 974 ) . In add ition there are 
othe r co st s which c annot be accounted f o r  in te rms of  
mone y .  The se include such matters as  the mental and 
physical strain on the farme r ,  the di sturbing e ffects  o n  
farm management , the nullifying e ffe ct s  o n  production 
when blo aty pasture c annot be effic iently ut ilised , the 
slowing d own in p asture improveme nt for fear o f· bloat , 
and the lo ss  of confidence i n  the industry ( Ayre -Smith , 
1 971  ) • 

Known Cause s of Blo at 
As a re�ult of the normal fe rmentation processes 

occurring in the rumen and the acid ification o f  
salivary bicarbonate ions i n  the rumen , there i s  a large 
volume o f  gas produced which has to be removed , 
princ ipally by eructat io n  and absorption . The rate of 
gas production varie s between 0 . 201/min in the fasting 
animal to  2 .01/min following feeding (Clark and Reid , 
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1 974 ) .  The composition of the gas is mainly carbon 

dioxide (45-70% ) and methane (20-30%) with smaller 

amounts of oxygen, nitrogen, hydrogen and hydrogen 

sulphide ( Washburn and Brody, 1 937 ; Hoernicke, et al., 
1 96 4 ) . 

Under normal grazing conditions, bubbles of free 

gas form in the digesta and rise to form free gas 

pockets in the dorsal regions of the rumen. From here 

the gas is removed by eructation associated mainly with 

secondary ruminal contractions (VIeiss, 1 953 ; Dougherty 

et a1., 1 9 58 ;  Reid and Cornwall, 1 9 59 ; Stevens and 

Sellers, 1 95 9 ;  Dougherty, 1 96 1 ; Iggo and Leek, 1 970 ) . 
It is common for foaming of the digesta to 

occur in the rumen but normally such foam is small in 

quantity and of low persistence. In bloat, a stable 

foam develops ( Mangan, 1 95 9 ;  Reid, 1 960 ; Jones and 

Lyttleton, 1 969 ) . This particular foam is essentially 

proteinaceous, of high persistence, and it collects in 

large volumes so that the gas separation phase is slowed. 

vlhen the animal attempts to eructate, frothy digesta 

enters the oesophagus where the bolus induces reflex 

swallowing. A sequence of events then commences in 

which the increased intra- ruminal pre ssure leads to 

interference with respiration and circulation; these in 

turn culminating in hypoxic hypoxia, hyperkalaemia and 

death. 

In bloating animals, the small gas bub bles rlslng 

through the digesta fail to coalesce probably because 

of the physico-chemical nature of the surface active 

materi als at the gas-liquid interphase and the increased 

viscosity of the rumen contents. Soluble plant proteins 

appear to be a major component of the surface active 

complex ( Mangan, 1 95 9 ; Jones and Lyttleton, 1 969 ; Laby 

and Weenink, 1 96 6 ; Jones and Lyttleton, 1 97 3 ; Laby, 

1 975 ) and are considered to be the m ain plant factor 

primarily responsible for the stabilization o f  the foam. 

Other plant factors undoubtedly play some role 

as surfactants in the foaming of ruminal digesta but in 

most cases a rel ationship between the concentration of 
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these subst ances in the plant and the onse
_
t of bloat 

has not been firmly established. Such secondary 

surface-active substances include saponins, pectins, 

plant carbohydrates and lipids ( Mc William, 1 973 ; Clarke 

and Re id , 1 9 7 4 ) • 

Tannins, which are special types of phenolic 

compounds of pl ant origin, are strong protein precipitants 

and some plant s pecies contain high concentrations of 

condensed tannins. These, plants d o  not c_ause bloat 

(Jones, et al .  1 970 ; Re id et al. 1 974 ) .  

Susceptibility to Bloat 

Cattle c an  vary widely in their susceptibility 

to bloat. The range extends from the highly 

susceptible (HS) animal 'i-Thich bloats readily and frequently 

when conditions favour foam formation, to the almost 

resistant animal (low susceptibility, LS ) which rarely 

if ever bloats ( Clarke and Re id, 1 970 ) . The similarity 

in bloating behaviour of identical twin cattle suegests 

a genetic basis for susceptibility. Other eviden ce of 

a genetic influence includes differences in suscept ibility 

between cattle breeds and the occurrence of bloat-prone 

families within a breed ( Knapp, et al., 1 9 43 ;  Joh�, 

1 954 ; Reid, et al., 1 97 2 ; Reid, et al., 1 974 : r-Tclntosh 

and Cockrem, 1 977 ) .  
The mechanisms by w hich gen etic predisposition is 

translated into an individual have not yet been fully 

defined but their final site of effect appears to be 
within the rumen itself. This proposition is supported 

by the fact that bloat susceptibilities are temporarily 

exchanged when the rumen contents of an HS and LS animal 

are interchanged by way of rumen fistulae ( Clark and 

Re id, 1 970 ) • 

An obvious difference between individuals may 

exist in the character of saliva and at present work i s  

being directed at the role saliva might play in bloat. 

Such f actors as·composition and secretion rate may be 
important. Du.li vu contri butoo bicarbonate und phoopho.te 
ions which help buffer pH changes in the rumen. No 
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difference has been found though in the buffering 

c ap acity be twe e n  the rume n conten t s  of HS and LS animal s , 

ei the r be fo1� or after fe eding (Mende l  and Boda, 1961) . 

Acidifi cation of bic arbonate ions is an import ant 

source of co2 gas in the rume n and H S  animals have be en 

found to se c re te a gre at e r  amount (not volume) of 

bicarbonate ions than LS animals (I�Iend el and Boda,  1961 ) • 

Saliva i s  now known to e xhibit both foaming and 

anti-foaming propertie s . The muc oprotein se c re t ed in 

bovine saliva is re sponsible for tp.e thick nature of 

mucou s  saliva and is a major fac tor of the soluble foaming 

con stituent s (Lyttleton , 1 960; Jone s and Lyttle ton , 

1973) . In contrast , s alivary mucin has been found to 

exhibit antifoaming prope rtie s (Van Horn and Bartle y ,  

1961) . Howeve r , the full role of saliva in bloat has 

yet to be dete rmined. 

No firm relation ships have been e stablished be twe en 

bloat susceptibility and other fac tors such as rume n 

fluid pH , the rate of fe rme ntation or the rat e of fluid 

turnove r in the rumen (Hendel and Boda , 1961 ). 

An important factor in the deve lopment of bloat 

app ears to be t he composition and the state o f  the rumen 

conte nt s  before fe eding (Laby and Vle enink, 1966; Howarth,  

1975 ) .  The pre fee ding rumen contents from LS animals 

have more coars e  fibrous residues where as the content s 

of H S  animals prior to fee ding consist of finely 

divide d  particulate matter . 

consistency seem to relate to 

int ake s (Clark and Reid 1970; 

The se differenc e s  in 

diffe rence s in fe ed 

Clark and Reid , 1974). 

The role of the rumen's microbial populat ion in 
the generation of bloat is uncle ar .  Howeve r ,  the 

bur s ting of holotrich protozoa during fee ding c an add 

easily foamed p rotozoal protein to that derived from 

plant s (Clark , 1965 a; 1965 b) . T hi s  extra mate rial may 

tip t he balance tOi-Tards ove rt bloat as the addi tion 

could rai se the protein conc entration in the rumen fluid 

to a thre shold , critical for foam formation . 

One, 2 - dimethyl. - 5 - ni tro imidazole (dime t.rid­

azole) is an ant i-protozoal agent which has been u sed t o  
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remove the holotrich ciliates from the rumen ( Clark, 

1 96 6 ) .  It was found that after defaunation bloat still 

occurred and it was concluded that although holotrichs 

are not necessary for bloat, the incidence and severity 

may be increased in their presence (Clark and Reid, 1 974 ) . 
Differences in the rumen content fermentati on 

rates between H S  and L S  animals have not been demonstrated 

conclusively ( Clark and Hungate, 1 97 1 ) .  Als o, excessive 

gas production itself is no-t p roven as a cause of bloat 

(Hungate, et al., 1 95 5 ) and overproduction of acid is 

unlikely because of the reuiralising effect of the protein 

and polyuronides in legumes (Hunt;ate, 1 965 ) . 
Although excessive gas production is not proven 

as a cause of bloat, the production of gas must be 

sufficient to cause foaming of the digesta. Soluble 

carbohydrates are the important substrates of microbial 

fermentation and as such their p ersistence and extent of 

exposure to sugar fermenting organisms in the rumen must 

be sufficient to allow them to be metabolised and produce 

sufficient gas to cause foaming ( Clark and Reid, 1 974 ) . 
If substrate is in excess, holotrich ciliates may burst 

following excess starch storage as ment ioned above. 

The release of their cell contents can contribute to both 

increased fermentation and foaming of the rumen contents. 

This is the basis of the protozoal catastrophy theory of 

Leng ( 1 973 ) . 
The only major bacterial difference so f ar  

demonstrated in H S  and L S  cattle is t he higher number of 

mucinolytic bacteria demonstrated in H S  animals 

(Mishra, et al., 1 968 ) . This may result in an increased 

removal of salivary mucin, the possible anti-foaming 

component of saliva. 

Until the complex interactions of plant, animal 

and microbial factors leading to the formation of a 

stable foam in the rumen and resulting in bloat are more 

fully underst ood, the problem has to be controlled, and 

where possible prevented, by empirical means. 

Control of Bloat 

Several methods of control and prevention of 
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bloat have been devised and are practiced with varying 

degrees of success. The method adopted in any one 

situation is dependent upon such things as: 

1 )  Pasture composition 

2) The intensity and prevalence of bloat 

3) The facilities, which the farmer has, t o  deal 
with the problem 

4) The economic constraints on therapy 

5 )  The stock management and,grazing 
practices of the farmer. 

As bloat �s most commonly associated with the 

ingestion of rapidly growing legumes on apparently all 

soil types and und er v arious fertiliser regimes, a basic 

approach to the p roblem is to improve pasture management. 

Here, the aim is to dilute the intake of legumes by 

increasing the groHth of the associated tsrasses in the 

pasture and then ensuring that the increased grass 

production is eaten at the same time as the lush legume 

growth. ( Hancock, 1 95 3 , 1954; Sears, 1 95 3). The 

introduction of short rotation ryegrass with its earlier 

spring growth a nd the p roper use of electric fences to 

control grazing were major steps forward in achieving 

control. 

Other systems of reducing t he clover intake of 

animals have been used such as allowing the herd access 

to a roughage, for example, hay, prior to grazing 

pasture ( Cole, et al., 1 945) and on -off grazing schedules 

whereby the he rd is allowed to graze for short periods 

interspersed with perio ds off th e pasture. 

However, it is not always possible to completely 

control bloat by the grazing management; there may be no 

safe pasture on the farm, or conserved feeds may have 

been exhausted. In such cases, short term preventive 

measures have to be used. These are based on the 

administration of a number of different materials 

collectively called anti-bloat agents. These range 

from the anti-microbial compounds, penicillin and 

dimetridazole, through the anti-foaming oils (e.g. 

paraffin ) to the surface active non-ionic materials such 
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as the "Pluronic s " (Vlyandotte Che mical C orpo rat ion ,  
Wyandotte , Michigan ) . 

The ant i-micro bial compounds are no t u sed 
routinely as bloat preventive s .  The ir act ion is short 
lived and re s i s tance develops quic kly ( Hoore , et al .,  
1 957 ; Clark , e t al . , 1 96 9 ) . 

The anti-foaming oils have a re latively sho rt­
lived effect iveness also ( Reid and Johns , 1 957 ) but 
re s istance doe s no t de velop . Paraffin oil is very 
widely used as a blo at preventive and i s  administered 
to  cattle in seve ral different way s . 

The synthe t ic surfactants ( non-ionic deterge nts ) 
lower the surface tensi on o f  the bloat fo am but how t hey 
preve nt blo at is not fully established . Smalle r dose s 
pro tect animals for a longer period o f  time than do  the 
ant i- foaming o ils . This is thought to  be re late d t o  
the fact that a large propo rtion o f  the administered d o se 
i s  adsorbed o nto the s olids in the rumen contents and . 
fro m here slowly rel eased back int o the fluid fraction . 
Ano the r hypo the sis i s  that the s ynthe t ic surfactant s 
may activate d ietary fat s (natural ly occurring anti-foaming 
agents ) by re leas ing them from sequestratio n ( Clark and 
Reid , 1 9 74; Laby 1 975 ) .  Thi s i s  supported by the fac t  
that Laby has found detergency and we tt ing powe r of anti­
blo at dete rgent s to correlate bet t er in blo at prophylaxis 
than do foaming prope rties (Laby , 1 975) . 

The c oncentration of any medicament in the rumen 
continually de clines be c ause o f  one or more of the 
fo llowing: breakdown by micro-organisms , absorption  from 
the rumen , ads orption onto particulate matt e r ,  and washout 
be cause o f  the water flow through the rumen . Water 
enters the rumen in feed , drinking water , saliva and by 

se cre tion acro ss the rumen wall . 
The salivary inflow has been e stimated at 25 to 

90L . per 24 hours in c attle (Kay , 1 966 ) .  T he to tal 
water flow through the rumen in 24 hours can vary widely 
but Hyden ( 1 96 1 ) gave e stimate s o f  1 50 to 170L . Thi s 
can repre sent an hourly flow rate o f  8 to 30% o f  fluid 
volume per hour ( Corbe t t , et al . ,

. 
1 9 59 ) .  These figure s 
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c an  vary according to diet and whe ther or not the c ows 
are lac tating . Re id (pe rs.comrn.)has found similar water 
turnover rate s to  those mentioned .  

The re lative import anc e of those fac tors 

cont ributing to the dilution of mate rials in the rumen 

c an vary depending on the mate rial . For example , 

ad sorption onto particulate mat ter plays a more import ant 

part in the dilution of the non-ionic dete rgents than 

it doe s in t he d ilution of the anti-foaming oil s . 

There fore to maintain an e ffe ctive concentration 

of anti-bloat agent in the rumen, the animal must be 
dosed or have ac c ess to the prevent ive re gularly . 

There are a number of ways of administering 

anti-bloat agen t s . The aim of all method s is to ge t 

enough medicament into the rume n to r each a concentration 

that will pre vent foaming and to en sure the conc entration 

doe s not go be low the eff e ctive leve l  ove r the period 

when the animals are plac ed at ri sk . However , the 

methods vary wid ely in the de gree to which th ey succeed .  

The methods that have be e n  used include: 

dre nching , pasture spraying , flank applic ation of anti­

bloat age nt , water-trough tre atment and the use of  anti­

bloat lick blo cks . 

The mo st reliable me thod of legume bloat c ontrol 

is to dre nch a l l  cows with anti-bloat material twice 

daily . The majority of cattle readily come to ac cept 

this regime (Flynn , 19 6 5; Sc ot t , 1 965 ; Reid , 1 974 ) .  
Oral drenching i s  a time consuming and costly chore for 

which medicinal paraffin oil and the non-ionic de t e rgent s 

are most often u sed . 

The pasture may be sprayed with an anti-foaming 

oil prior to  grazing . This me thod e nsure s that dangerous 
pasture when e at e n  will be ac companied by anti-bloat mater­

ial. It is also one of the more reliable methods orovtded 

cattle do not have access to unsprqyed pasture (Reid,1955; 

Reid,1958; Johns,1963;- Flynn,1965). 
For this method , mixture s o f  emulsified tallow and 
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the other is the limitations of spraying on ground 

other th an flat land. 

Application of bloat preventives to the 

animal's flank with a paint brush, squeeze bottle or with 

automatic applicators, is a widely practiced method 

( Reid, 1973 ). However, under severe bloat challenges 

the method is liable to frequent failures because the 

success of the method depends on the animal licking off 

sufficient medic ament to reach and maintain an effective 

concentration in the rumen ( Flynn, 1965; Scott, 1965; 

Flynn, 1976a ) . Similar criticisms can b e  levelled a t  

the practice of ad ding bloat preventives to roller 

drums in troughs containing molasses as an attractant. 

This is a common practice in some of Australia's beef 

cattle grazing regions ( Langlands and Holmes, 1975 ). 

A further method depending on animal behaviour 

for its success is the use of lick blocks incor porating 

the anti-bloat agent. To be effective, all anim als 

must lick a sufficient amount to provide protection; 

obviously, block palatability is all-important ( Barr and 

Day, 1977 ). 

The addition of oils to feed supplements such as 

me als, has had limited success ( Bartley and Meyer, 1967; 

Scott, 1965 ). In New Zealand animals will ignore or 

refuse such supplements. 

An alternative m ethod is to add the bloat 

preventive to the drinking troughs to which the animals 

have access throughout the day or night. But again, 

the method relies for its success on animal behaviour, 

this time on the drinking habits of individu al animals. 

The amounts of agent ingested can be variable between 

and w ithin animals from d ay to day ( Phillips, 1968a; 

Phillips, 1968b; L anglands and Holmes, 1975 ). Water 

sources other than the trough water, e.g. ponds, drains 

must be fenced off. Failures occur in wet weather and 

on very succulent pastures when water drinking is low. 

Medicaments Used for Bloat Control 

Materials such as paraffin oil and tallow have 



been used e ither in t he raw o r  emulsified state for 
many ye ars . They do not adversely effect  the ruminal 
microflo ra o r  the animal's production . They are 
believed  to inhibit fo amine and to bre akdown bloat foam 
if it has formed; freeing trapped gases ( Re id and Johns , 
1 957 ) . The y are re latively inexpensive and widel y 
used ( Re id , 1 97 4 ) • 

The mo st  effective anti-blo at agents currently 
in use are the non-ionic dete rgent s .  The y are widely 
use d in New Zealand , Australia,  Canada and the U . S . A .  
The materials mos t commonly used are the polyoxypropylene­
polyoxye thylene blo ck copolymer s, "Pluronic s "  16 2 and 16 4 
( Wyandotte Chemical Corpo ratio n , Wyandott e , Mich igan ) .  
Also used i s  nonyl-phenol e thoxylate , "Narlophen 89" 
( Chemische Werke Huls·. ) . More rec e nt ly the alcohol 
e thoxylate series o f  dete rgent s ( I . C.I .A .N . Z . )  we re f ound 
to be biode g�adable , unlike the Pluronics ,  and also 
more palatable to cattle ( 1aby , 1 973 ; Howarth , 1975 ) . 

The major advantage s o f  the synthe tic surfactant s 
over the ant i-foaming oils are: 

1 )  A smalle r do se requirement 
2 )  A loneer pe rsistence o f  ac tivity . 

The se two favourable proper ties sugge st  that the 
compounds have a higher po tency and their mo de of ac tion 
d iffers fro m that of  the anti-foaming oils ( Clarke and 
Re id , 1 97 4 )  • 

Recent Deve lopment s in Bloat Prevent ion 
Systems based on the administrat ion o f  wat e r­

soluble " inert " substance s such as  d etergent s  are 
theoret ically ine ff icient . The rate of los s of ine rt 
water soluble substance s from the rume n i s  exponent ial 
( Hyde n ,  1 96 1 ) • It follovTs that the amount of medicament 
that mus t be given at one d o s ing to ensure an e ffec t ive 
quant ity s t ill remain s in the rumen at the time o f  next 
do sing1vlill  inc·re ase exponent ially as the time between  
do sings increase s .  This waste ful situation c ould be 
avoided i f  a "depo t" of med icament were to be introduced 
into the rumen and t he re re le ased the medicame nt at the 
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same rate at which it is lost from the rume n . 
Several systems based on this idea have bee n  

stud ied overseas (Laby , 1975 ) . T he se include the 
administration o f  de tergents in ge l f orm , plastic 
capsules c ontaining surfactant in gels , and of gel rings . 

Gel drenching involves the dosing o f  a st iff 
gre ase-l ike mate rial inco rpo rating surfactant and 
from vThich the surfactant slowly diffuses (Laby , 1 973; 
Flynn , 1976 b ) . Field trials have indicated that gels 
might re duce t he frequency of do sing to once a day . 

Plastic c apsules have majo r problems of 
administrat ion but have been found to  be  e ffec tive for 
up to  three we e ks in experimental trials (Laby , 1973 ; 
Woodruffe et  al . ,  1972 ) . 

The anti-blo at gel ring is a low c ost adaptation 
of the capsule . These c ompressible ge l rings stiffen in 
the rumen and thus prevent loss by regurgit at ion (Laby 
1973; Wo odruffe, e t . al . ,  1972 ) . 

The depo t  i de a  is still be ing explored in te rms 
o f  both materials and physic al systems . Apart from more 
e ffi cient use o f  the ac tive ingred ient , a ma j o r  go al is 
to reduce the pe riod be tween success ive dosings . If 
succ essful , such a system would provide the cattle farmer 
with an e conomic and p ract ic al means of defence against 
the blo at proble m .  

·--...... 
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CJIJU>TEH. 1 
.An investic;:J.tion of the in vitro diffusion 

rate of detcrc;ents from anti-bloat pastes. 

IlJTRODUCT ION 

':/hen a bovine animal is drenched with a liquid 

anti-bloa.t deterccnt, the maximum detere;ent concentru.tion 

in the rumen is reached soon after drenching. ll. 
sufficient mnount must be c;i ven so that the dete rc;en t 

concentration in the rwnen will remain a.bove the 

minimum effective deterGent concentr�tion necessary to 

prevent bloat,�0nc enouc;h to provide protection over the 

critical periods. From the point of maximum deterc;ent 

concentration in the rumen, there is a decline in 

concentr.:.:.tion until it falls belovl the minirr;um effective 

concentration ::md protection acu.inst blou.t j s no lonr�er 

afforded. 

To reduce detcrcent losses by the "uashout" process, 

it is ncces;.;ary to Jlrotcct or sequc::;ter the deter,:;cnt in 

u. "depot" in Lhc rw��cn. Such u. "depot" cot,lcl t:..:.:w tLe 
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form of a ::>tiff pu.ste incorporatinc; the Qllti-blo�t dctercent. 

A slow release of the detercent from ti1e paste 1-:ould continue 

to replenish the detcrr;er:t washed out from the rumen. This 

Hould be anulogous -tr· v�e use of the cabal t oullet to 

control disease associated '.Ii th cabal t deficiency in 

ea ttle and sl.1eep ( Jln<irevlS, 1 971 ) • 

Tht; duration of protection acai nst blou.t 1·10uld 
then be dependent on how lone the detergent concentration 

could be maintained above the minimum effective level. 

The work to be rc�orted here concerns investig­

ations of the eff icacy of $Ome experimental anti-blov..t 

pastes formulu.ted in Australia. 

The first section involved an jn vitr0 study of 

the performunce of the pastes under controlled conditions 

in a rumen model. 

This section had four objectives: 



1 . T o  de termine whe ther there were any di ffe rences in 
dete rge nt di ffusion rate fro m the various  pas te 
formulations . 

2 .  To d iscove r i f  any o f  the difference s could be 
relat ed to di fferenc e s  in composition and me thod 
o f  pre parat ion o f  the pastes . 

3 .  T o  sele ct  o ne paste on  the basi s of  its  detergent 
releasing characte ristics and to propo se a the or­
e ti cal do s ing schedule that might be e ffe ctive in 
the 1 i ve animal • 

4 .  T o  compare persist ence in t he rume n model of 
de tergent s released from paste s ,  with a l iquid 
formulat ion· of the same deterge nt s . 

EXPERHTENTAL DESIGN 

Using a rumen model which allowed control  o f  
tempe rature , agitation and water turnover rat e , the rate 
of d i ffusion o f  d e terge nt from several anti-bloat paste 
formulations was stud ied . The se were compared  with the 
decay rate of a liquid formulation of the same detergent s .  

:f\1ATERIALS AND METHODS 

Materials 

Six anti-bloat paste s were formulated by Nerck , 
Sharp and Dohme ( Aust . ) Ltd . as sho wn in Table I .  2 .  

Preparation o f  the Pastes 

The two pastes ,  KB3/6 6A and 3 2A ,  were prepared 
by d ispe rsing t he gelling agent s (Ethylcellulo se , 
KB3 /66A ; and Volclay 325 , KB3/32A ) i n  their molte n  
Te ric s first and then i n  the case o f  KB3/3 2A,  adding 
the Ant ifoam A ,  followed by the water . · 

The o the r three paste s containing Teric 
de tergents , KB3/32B ,  34A and 34B we re prepared by 
dispe rsing t he ge lling agent ( Volclay 325 ) in hot 
water first and then adding the Ant ifoam A ,  followed by 
the ir molten Teric s . 
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In the case o f  KB6 /1 6 ,  the method of preparation 
was similar to  KB3/6 6 A :  that i s , the e thylce llulo se  
was  dispersed in  the molten Poloxalene first . 

Physical Charac terist i c s  of the Te ric Paste s 
The melting points and the consistency value s 

o btained by MSD chemis t s  are shown in Table s I .  3 and 
I .  4 .  

Rumen Model 
The rumen mode l  consisted of a measuring cylinder 

containing 6 0 0  ml of water kept at 3 9 . 5 °C in a wat e r  bath . 
Agitation was provided by a brass di sc 6 . 5cm in 

d i ameter wi th four 1 . Ocm diameter holes in i t , c onne cted 
by a brass rod and string to a mo tor driven crank . This 
c aused the d i sc to  r i se and fall 9cm ,  forty t ime s a minute 
in the cylinde r .  

The s ample s o f  paste were held in small 20 gauge 
st ainle ss s te el baske ts  ( 2cm x 2cm )  which were attached 
by clips to the bras s rod 1 . 5cm above the brass disc  
( Fig . I. 1 ) . 

Turnove r o f  wate r in the rume n model was 
provided by a peristaltic pump arranged to deliver water 
t o  the cylinder and to remove fluid cont aining diffused 
de tergent away from the cylinder at the same rate . The 
turnove r rate could be ad justed by chaneing the bore s ize  
o f  the pump tubing . 

The method o f  sampling was  as follows: The 
fluid removed from the cylinder ( the effluent ) was 
collected in a be ake r in timed periods and the volume 
c ollected per time period was no ted . An aliquo t of  this 
volume was t aken and the de te rgent concentration was 
determined u s ing an appropriate in vitro assay me thod for 
Teric or Poloxalene detergents .  In this way curve s 
d e scribing the release of  detergent from e ach of the 
p aste s we re de termined . 

Four units we re set up allowing four materi als t o  
be examined s imultane ously ( Fig . I .  2 ) . 
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Bxp.; r imcn t al F r or�r<.t1�u:1e 

The e zp e r i me n t  \'l a s  d ivided int o three se p arat e 

runs , A ,  B and C .  The group s o f  for:nul at i o n s , the l·it.J.t e r  

turnove r r:· t e s  and the dur at i o n s  o f  e ach run are sho im i n  

T uble J • 1 .  

nun 

A 

B 

c 

'.J..' l· r ;L :� I • 1! 

The e xp e r i me nt lll vur i able s o f  r uns 1 :.. , D &l<d C 

Fo rmulat i o n s  Sta.rt ing ·,/tcl . late r  .Exchange Dura t i o n  
Te s t e d  o f  De t e rgent i{�te o f  H.un 

- 'h- 1 h me; . m]_ . h- ; v  

KB3/32A 700 55 92 1 1  • 5 0  
3 2 B  1 1  1 1  1 1  1 2 . 0 0 

34ft 1 1  1 1  1 1  1 1  

3 4D 1 1  1 1  1 1  1 1  

6 G 1\ 1 1  " 1 1  1 1  

l_; i quicl '.i' c ri c 
t 1 1  1 1  1 1  1 1  

KB3/ 3 2A 1 400 1 1  5 1 92 26 

3 2 B  1 1  1 1  1 1  3 4  
3 4A 1 1  1 1  1 1 1 1  

L iquid T e ric 1 1  1 1  1 1  22 

KB6 / 1 6 700 7 2  1 2  b 
L i qu id 

c ro lo x�cle nc 1 1  1 1  1 1  1 1  

a The s i z e  und shape o f  t l l e  r �  :· ":; c  S alilples pl<.tc e d  in the 
me sh baske t s  vla s  ke p t  the same ;·; i thin runs s o  thu t .the 
sur f u c e  ure a o f  p as t e  e xp o s e d  fo r d i s s o lut i o n  rcoained 
app r o ximat e ly th e s ame . 

b The l iquid T e ric c o n t r o l  fo rmul �t io n  had the s ame 
pro p o rt io n  Of T e ri c a  1 2A3 and 1 2A23 ( 1 . 5 : 1 ) as in 
pas t e s  but c on t a.ine d no G e l� in� age n t  o r  wate r .  
d id c on t ain �rnt i fo am A at 2fo w;w . 

c The l i quid l'o l o xal e ne c on trol formulat i o n  w as 1 00;� 
l i qu id P o lo xale ne d e t e rgent 

t he 
I t  
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1\nn lyt i c <  ... l me tho ·.l s 
1 • In v i t ro ar; s o.y o f  T o r i c  d o t e  r ·;o nt s  

Ap p ar atu s : 

Re ac;c n t s 

2 5 0  ml s t o ppe re d Jrlenmeyc r fl<:i:Jks 
1 0  ml p ipe t te s 
A Gm�l l be nch c o n t r i fuc;e 
2 5  ml �c usur inc c y l inde r s  
A spe c t r o pho t o me t e r  c �p able o f  re ad inc; 

o.t 6 20nm 

Sod iu1:1 c hlo ride :2. - t;rad e lJaC 1 
Chloro form 7 
lunmoniu;r, c o lx.;.lt o t'::\ io cy �Jl:.lte re <4Gent - m:::.:.cl e 
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up by d i s so lving 280c; o f  co b ul t ou s nitrate 
he xahyd r ate ;u1c'i 6 2 0g of :-·l��o n ium thi o c yanate 
in vm.t e r and mak ing the volur.1e up t o 
e xa c t ly I . OL . 

� )  ; n  �l i �uo t o f  t�� e f flu� n t  fr o� the 
cylind e r , c o n t ain ing 0- 1 0�g o f  �vri c 
1 2�3 + 1 2 A2 3 , o r  0-G �� o f  T e r i c NB + 
G� ; 1 5 ,  uas p ipe t t e d  int o an �rlonr  .. oyor 
fl C<.sk .:..tnd the volume n�ad e up to 5 0  r:1l 
\vj_ t h  V! a. t e r . 

i i ) 1 7g o f  lTo.C 1 w a s  D.d d e d  and d i :-.; s o lved by 
sh o.king . 

i i i ) 1 5  ml o f  ali:::lo n ium c o  bal to thi o c y ano. te 
r e ac c n t  was ad d e d and the fl ask sh�k en 
viGo row�ly for 5 minute s <ll1l1 c....G �tin <-:.ft e r 
1 5  minute s . 

iv ) 1 0  r.U o f  chlo ro fo r;;; w :..:.s :.:.d d e d  :__LTlc'i t L.c 
fl c_.sk shuJcen vi co rou::.;ly fo r 5 ;;1 inu te s :__tnd 
all o we d  t o  s t and for 5 ninute s . 

v ) The ac.;.ueous l o.ye r -.-�:�.s re r.:o ve C. by 
aspirat i o n  and ar1y 1-rc_..ter c l c·ud in the 
o rr.; un ic l aye r ·o�us re rr;oved b ;y c e n t r ifug­

at i o n  up t o  2 0 00 rpm fo r 2 : .. inut es . 

vi ) The o rc r.n i c laye r 11as tran s fe rred t o  o. 
1 0  �u sp e c tro pho t o me ter tube c::.m! the 
ab so rbo.nce was re ad at 6 20n� acainst 
a s o l  ve nt bl;:mk 

vii ) A s tandard c alibrat ion graph w a s  pre pared 
by as s aying kno vm c o n c e nt ra t i o n s  o f  To ric 
1 2A3 + 1 2A23 und Te ric N8 + GE 1 5  as 
d e s cribed o.bo ve . 

All d e t e rge nt c o n c e ntrat ions we re e xpre s s e d  

as mg o f d e te rgent p e r  1 0ml o f  e ffluent . 

N B  Be c au se o f  the non- spe c ifi c i ty o f  the in vi t ro d e te rg e nt 

as s ay rue tho c'i s � for both Ter i c  a nd Poloxa l e ne d e t e rgent s , c a re wa s 
take n t o  avo id contarainatine; glas s1-rare e t c . \v i th lab o r u t o ry 



d e t e rcent s . All gla u sware e t c . was r in se d  in ho t wat er , 

a sulphur ic -hyd ro chloric ac id \'Tash , e thano l and d i s t ill e d  

water prior t o  u s e . 

To e nsure that all o f  t he d e t e rgcnt-co bal t o t h i o ­

cyana. t e  complex w a s  be ing e xtrac t e d  i n  the f i r s t  

chlo r o f orm "\l ash , t he aque ous layer 1·ras pe riod i c ally -vmshe d  

o.e;ain H i th 1 0  ml o f  chl o r o f o rm and s t e p s  iv ) t o  vii ) 
re pe at e d . 

T e tra chl o r o e thane vr as some t ime s subs t i tuted for 

chl o ro form b1 � t  neH cal ibrat ion eraph s had to be pre pare d . 

Ne VT c ali brat i o n  graphs were al so pre p are d whe n  a 

nevr ba t cr. of anuno n ium co bal t o thio c yan2.te reagent vTas 

pre pared . 

To se t t l e  any Hat e r  cloud i n  the orgo..n ic l aye r , 

a p inch o f  anhydrous sod ium sulphate may be ad ded instead 

o f  u s i nc a c e nt r i fuge . 

2 .  In vi tro a s s ay o f  Po lox[� e ne d e te rca nt 

App aratus : 5 0  ml s t o ppe red c e nt r i fuge tube s 
Aut o matic te s t  tube s h aker 
A spe c t ro pho t o me t e r  c ap able of re ad i ng 

at 6 20nm 
Smo�l be n c h centr ifuge 

R e agents S tho �ol 
1 ,  2 D i chl o r c1 e tl lune 
Ammo nium c o  bal t o thio cyc.:mo.te re aye nt ( as 

fo r the T e ric d e t e rg e nt assay ; 
Pro c e dure i ) Kn al i Quo t o f  e fflue nt , o f  no t mo re t han 

1 0  rr� and c ontaining 0 - 7og o f  
Po lo xal e ne H a s  p ipe t t e d  into a 50 lcl 
c e nt rifuge tube . Whe n ne c e s s ary , the 
vo lume vl as mad e up t o  1 0 ml Vli th 
d i s t illed \lat e r . 
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i i ) 2 ml o f  e tho.nol 1vas ad ded and mixe d 11e ll . 

i i i ) 

iv ) 

v ) 

5 ml o f  ammo nium c o b alto thio cyanate 
re ag e nt was ad de d , mixed vre l l , and t h e 
vo lume allowed t o  st ru1d fo r 1 5  minut e s . 

1 0 ml o f  1 , 2 ,  d icllloroe th o.ne was 2-d d ed 
and the mixture shaken vigo rously fo r 
1 0  minute s Hith the aut 01:1.at i c  tube 
shak e r  o.nd then allowed t o  s t and fo r 1 0 
minu t e s . 

The aqueous laye r vras re move d  by 
aspir a t i on . 



vi ) 

vii ) 

viii ) 

Any water cloud in the oreanic l ayer 
was se ttled by c e ntr ifuging up to 2000 
rpm for 2 minute s .  
The organic layer was t ransferred to a 
1 0  ml spectrophotometer tu be  and the 
absorbanc e was re ad at 6 20 nm against 
a solve nt bl ank . 
A standard calibrat ion graph was pre pared 
by ass aying known c o ncentrations o f  
Poloxale ne detergent . 

All c oncen trations we re expre ssed as mg of 
Poloxalene per 1 0  ml of e ffluent . 

Standard C al ibration Graphs 
The absorbance values o btaine d for the standard 

concentrat ions o f  Teric deterge nt s and for Poloxale ne 
de tergent are shown in Table I .  5 and plotted in Fig . I . 3 .  

Fig . I . 3 shows that the c alibrat ion curve s we re 
linear up to  1 0  mg ,  6 mg and 7 mg of de terge nt pe r  1 0  ml 
o f  solvent , for Ter ic s 1 2A3 + 1 2A23 , Te ric s N8 + GN1 5 and 
Poloxalene , re spe ctively . 

The Terics  N8 + GN1 5 ,  be cause they are chemi cally 
d i fferent from the Terics  1 2A3 + 1 2A23 , gave highe r 
absorbance value s fo r give n c once ntrations o f  de te rge nt . 

The Poloxale ne deterge nt as say method gave 
repeatable re sult s f o r  give n de tergent c oncentrat ions 
up to 7 mg Poloxalene per 1 0  ml of water � 

Calculat ion o f  deterge nt re move d fro m the rumen mod el and 
expressed as a percentage o f  the starting we ight of  
deterge nt 

The we ight o f  detergent remo ved from the rumen 

2 1  

model i n  a given t ime interval is e qual t o  the conc entration 
o f de tergent found in the aliquot of e ffluent f rom that 
time interval multiplied by the total volume o f  e ffluent 
c ollected in the s ame time inte rval . By summing t he 
amount s of  deterge nt recovered in successive t ime 
inte rvals , a cumulative curve o f  de tergent washout could 
be constructed , e xpre ssed in te rms o f  the percent age o f  
detergent lo st from the rumen model . 

The percentage o f  detergent recovered from the 
rumen mode l  after t ime " t  11 was o btaine d  by d ividing the 
weight of detergent lost  from the rumen model after time "t " 

. I 



by the s t art ing we ight of  detergent and multiplying by 
1 00 .  

Thus , if . the volume o f  e ffluent collected after 

22  

1 hour was 55  ml nnd the de tergent concen tration was found 
to be 2 . 70 mg/1 0 ml ,  then the weight of de tergent lost fro m 
the rumen model after 1 hour was 2 .70mg 

1 0  ml X 55 ml = 1 4 . 85 mg .  
I f  the starti ng we ight o f  det e rgent was 700 mg the n 
1 4 . 85mg/700 mg x 1 00/ 1 = 2 . 1 2% of the st arting we ight of 
deterge nt was removed from the rumen model in the first 
hour . 

If the de tergent concentration in the v olume o f  
effluent colle cted be tween the first  and second hour s  was 
8 . 1 0 mg/ 1 0 ml and the volume was again 55  ml ,  then 
816�mg x 5 5  ml = 44 . 5 5 mg of deterge nt was removed be tween  

hour s  1 and 2 o f  t he run . 
The total deterge nt lo st afte r two hours was : -

1 4 .85mg + 44 . 55mg = 5 9 . 40mg 

This repre sent s a percentage of 59 .40rng x 1 00 d 
700mg = 8 .  4870 

o f  the s tarting weight of detergent had been removed after 
2 hours of  the run . 

RESULTS 

The re sult s o btained are re co rded in Table I .  6 
along w it h  the calculated pe rcentage s o f  de tergent re covered 
with time . They are plotted  as the detergent conce ntration 
in the e fflue nt ( mg/ 1 0ml ) ve rsus elapsed time ( Figs . I .  4 ,  
I .  5 ,  and I .  6 fo r runs A ,  B and C re spectively ) as well as 
the percentage of detergent re cove red  versus e l apsed t ime 
( Fig . I .  7 ,  runs A and B ;  Fig . I .  8 run C ) . 

Diffe renc e s  in the diffusio n  rate of detergent s  
from the d iffe rent paste formulat ions are cle arly evident 
in figure s I .  4 - I .  8 .  

I n  run A ( Fig .  I .  4 ) ,  two o f  the paste formulati ons , 
KB3/32A and 66A ,  showed a fast ' rate o f  de tergent release 
and reached a peak d etergent concen tration in the e ffluent 
after  approximately four hour s . 
ion o f  both began to de cline . 

The re after the concentrat-



The t\-10 pas t e s KD ... /3411. and 3 4 D  h�d s i rnil �r 
:; 

i n t e rrncd inte rate s o f  de te rce nt re le ase with KD ....... /3 4 A  bc ine :; 
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::> l ichtly the quicke r . Th ese two pas t e n  h8.d ul::flo G t  par�ll cl 

curve s after 4 hours h ad elap s e d  and bo th v1c re still 

a pp roac h i nG t h e i r  pe ak de te reent c oncen trat io ns vlhcn tiw run 

e nded . 

The paste KB3/3 2 B  showed the slo � e s t  rate o f  

d c t o rcc nt re l e ase i n  r un A .  The d i ffusion rate curve o f  

KD7 /: 5 2 B  wao o irnilur i n  �hape t o  KD ... /3411. and. 3 4 D .  KD..., /32 B  :; :; .) 
v1as al so s till ap pro acr linc i t s  pe ak d e te �ecnt c o ncentr:1tion 

at the e nd of t h e  run . 

The liqu id d e t e rge n t  c o ntrol curve ap_::.e ared t o  

d e c ay i n  a n  e xponen t i al manne r . The KB
3

/3 2A d e te rgent 

d i f fusion curve inte rsec ted �he liquid c ontrol d e c uy curve 

after 2-� hours o f  the run h ad e lapse d . The curve s o f  

I·�B3 /3 2 B ,  3 4 A  and 3 4 B  d i d  no t i n te rse c t  the ' liquid de teree n t  

d e c uy curve a t  ull . 
The d e te 1Tie nt di ffu s i o n  curve o f  KD3 /G 6 A  d id no t 

in te r se e t  the li<1u id d c te rc<:? nt ( Teric 1 2A3 + 1 2il.23 )  ci e c uy 

cu rve e i t he r . Hov1eve r ,  be c au s e  KB�/�61 ... c on t ained t'ilO 
c h e m i c al ly d iffer e n t  Teric de te rge nt s ,  it s d e te rge nt 

d i ffusio n  rute curve is  no t s t r i c tly c o mparable with the 

c ontrol d e c ay curve . 

The rate s o f  de tergent re lease i n  run B are shown 

in Fig . I .  5 fo r the t h re e  paste s containing T e r i c s  1 2i�3 
and 1 2A23 d e te rge nt s o nly . Again KB3 / 3 2A sl� o \·Je d a rap id 

re le ase rate , KB3 !3 4 A  an inte rme d i at e  rate n.nd KB3 /3 2B a 

s l o vl rate . Howeve r ,  the e x t e nd ed duration o f  nm :a 
e n able d  the relat io nship be twe en the paste curve s and t h e  

l iquid d e t e rce nt c o n t rol d e c ay curve t o  be mo re clearly 

se en . All thre e pc:1ste s inc r e ased tl1e per s i s te n c e  of 

de te rc;e nt in the rumen mod e l  in comp o.r i s on 1·1 i th the rap id 

washout o f  th e liqu i d  control . 
• 

A c ompc..ri s on o f  the d e te rgent d i ffus i o n  rate curve 

o f  the r,oloxale ne paste KB6 / 1 6 with the d e c ay curve o f t 1•e 

liquid Poloxal c ne 'control sho ws that this part icular pD.ste 
formulat i o n  ·be huvcd ve ry muc h  like a l ic1uid ( .Pig . I .  6 ) .  
'fho liquid c ontrol d o c uy curve and the paste d e te rcent 
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d i ffus ion curve inte ruec tcd afte r  about 2} hours . �hiG 
was al oo the time whe n the maximum de te r�ent concentrat ion 

from  the pao te v1 as reached in the rume n mod e l . Conse C).uc ntly 

the d e to rce n t  c once ntration dec ay of bo th the li(1u ld c ontrol 

and thn paste vras very s imilar afte r 2�- houro of  run C had 

cl<1pse d . 

Plo tting the pe rcentage of  d e te rgent re covered 

ocains t elapsed time e mphas ise s the detereen t  persi3te nce 

provide d  by the paste formulat ions ( Fig . I .  7 ) . In run A 

after  1 2  hours had elapse d , about 78'/o o f  the initial we ieht 

of liquid d e tergent had been vJashed out of the rumen mod e l . 

This  compared w ith 76% o f  de te rgent released from KB3/3 2 A ,  
about 40� fo r bo th KB3/3 4A and 34B and only about 2 27; far 

KB3 /3 2 B .  
I n  run B ,  the d i ffe rences  be car.�e more apparent 

be cause of the cre ater duration of  the run .  illmo s t  all 

of the l iquid d e t e rgent and deteree nt released from 

KB., ) 3 2 A  hac\ be en  w ashed from the rume n model  after 2 3 
:.; 

hours had elapsed . This compared with 80;:� fo r KB3/341� 
and about 5 2/� for KB3/3 2B . 

The failure of  the Poloxalene paste , KB-- / 1 6 ,  to 0 
inc re ase the per s istence of Poloxclene in the ru.u1en mod e l  

is ind i c a t e d  in Fig . I .  8 .  This shows that 5 5'i� o f  the 

liquid rolo xalene control and 5 3;� of de tergent from the 

paste h ad been re covered after 8 hours of the run had 

e lapsed . 

D I  SCU �-� S I ON 

The me thocl 

Analyt ical limitat ions :... The analyt ic<:tl f.'le thod used 

for the Teric 1 2 1\.3 - 1 2A2 3 paste formulations de scribe s 

only t he rele ase o f  Tcric 1 2 A23 from the pas te . This i s  

be cause Te ric 1 2 J\2 3 has u high degree of  e.tho ::ylat ion · 

( 23 mole s o f  ethylene oxide per mole of alcohol ) and · us 
such io very wate r  soluble . Teric 1 2A3 on the other hand 

haG a low degree o f  e thoxylation and i s  there fore Hater  

incolublc . Hovreve r ,  it i n  a ssumed tht.t the curve 

d e scribing the release of 1 2A23 de scribe s the re leaoe o f  



bo t h  d a to rc;o nt ? . ilfi f ur o.G d i npc r ::.: i o n  rute ( d i ffu a io n )  

i s  c o n c e rned , th i o i G  c o n 0 i d e rod a val id u :.; .::;ump t io n . 

'..i.'hc use o
.
f t ho two 'r c.: r i c .::; in c omb i n <..tt i o n c oal d be 

i mpor t ;;.n t  i n  the rume n . Here , pre fe rent ial ad c o rp ti on 

o f  e i th e r  Te ri c  o nt o t he pc...:..rt iculate mat ter i n  rur..e n 

l iquo r c o t Qd o c cur t hu s imbalanc in& th e rat io o f  the two 
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d e to rce nt o in the fluid frac t io n . The re fo re , ano.lya i o  of 
d e tercc nt s in rume n fJu id would ne e d t o  include bo t h  the 
p n.r t ic ul a t e  and flu id po rt io n s . 

Ad :Jo rpt ion o f  d e t e rc;e n t s o nto p art icul at e mat t e r  
may a l G o  ne rve to inc re as e the pe rs i s t ence o f  the 
d e te rge n t s in the rwnen by slowly re l e a s inc; the bound 

mat erial as the c oncen trat ion in the f luid fall s . 
nume n mo d e l - Ho at t e mp t  vw s r.mde to o.l l o \-1 for the 

po o a i ble e ffe c t s  o f  abras ive ac t io n  of ru�e n s o l i d s o r  

rume n mo t i l i t y  o n  the d i s n olut i o n o f  the p as t e . 3uch 
e ff e c t s  are l ike ly t o  be i mpo rt ant in inc re as ing the surfo.re 

are a o f  pas t e e xpo se d to rume n fluid . 

T he \·rate r turnove r r a t e  in the rumen o f  oil k i ng . - 1  d - 1  C O H S  i s  0 . 1 5 - 0 . 27 h an 0 . 1  - 0 . 2  h in d ry c attle 
c;ro.lj inc; o n  ryet:;ras s- c love r pus turc s .  ( .it eid , pers. c orm;·, . ) . 

I Ienc e , in t h e  e xpe r i me nt , the \iat e r turno ve r r at e s u s e d  in 

the thre e runs t e nde d to t he l0\1 e nd o f  the ro.nce . 

Di st -illed Hater was used. as the exche:mce fluid G.nd 

t h e  e ffe c t s o f  rume n  flui d pH , part iculate ILiat t e r , rur.1e n 

ab so rp t i o n o.nd m :i, c ro -o rean i sms o n  the paste vms no t 

i nve s t ico.t ed . The se fac tors vrould need to be c : ons id e rcd if 
the re .::; ul t s are to  be inte rpre te d in te n:Js o f  tl.1e  l ive c o·.-1 . 

The re :::ml t s  

The li qu id d e te rgent co ntro l d e cay curve s i n  e ac!1 

run we re u s e d  to co mpare the pe rs i stenc e o f  d e te rce nt s 

re leased fro m  the d i ffe rent past e  fo rmulat ions and . v1ere 
t he re fo re a mean s  o f  me asur ine the re lative e ff e c t i ve n e ss 
o f  e ac h  pas t e fo rmulati on an a " d e po t sy �te r.�" . 

I n  e ach run , the l iquid de cay c urve s ,.,..e re f o und t o  

b e  ne u.rl y e xponent ial as \·Tould be e xpe c ted be c ause of t he 

c o n s t an t  vlat e r  turno ve r rate . Plo t t e d  on s emi-loc; p[J.pe r ,  

tho d a c re r l :J O  in de t c rcent c onc e n tra t ion in the e ffluent 

w j. t h  c lapGerl t i me i s  ne arly l i ne o.r as ohO\·m in Fie . I .  9 .  



T h i s  rc prc sc n t G  t l c  l iquid d c t c rce n t c ontro l u oc d in run D .  
- 1 

T h e  rate HaG found t o  be 0 . 1 5  h • 

Ilo v1cve r ,  whe n the l iquid de t e rcc nt d e c ay rat e  i n  

r u n  D ,  0 . 1 5  h
- 1

, i s  c o mp are d w i th the vrater tur nove r rate o f  

appro x i mG t e ly 0 . 1 9  h- 1 
i n  run B ,  a 0 . 04 d i f fe r e nce i s  s e e n .  

Th i s  i s  po c s i bly a re f le c t io n  o f the l im i tatio n s  o f  the 

nn uly t ic nl me tho d 

The liquid Poloxale n e  d e c ay rat e  in r un C and the 
. - 1  

wate r turn o ve r rute we re bo th appro x im�t ely 0 . 1 2 h 

The d i ffere n c e s  found in the ra t e of  d e t e rce n t 

re l e a s e  from t h e  . di ff e re nt p a s t e  formulations upp e ared t o  

re late t o  the pa s t e ' s compo sit ion and i t s  me thod o f  prep­
aration . O f  the Te r i c  c on t ai n ing p as te s , KB3 / 3 2 A  showed 
the fa s te s t d e t e rce n t  re l e as e  rate · fo llowed by KB3 /6 6 A ,  

3 4 A ,  3 4 B  and 3 2 B  ( Fig . I .  4 ) .  KB3/ 3 2 A  and 6 6A '>le re 

pre pared by d i spe r s i ng the ce lling acent  in the mo l t e n  

Te r i c s f ir s t . 

The o the r · th r e e  pas t e s 9  KB3 /3 2 B ,  34A an d  34D 
were pre p ared by d i spe rs inG the gelling o.c;e nt in ho t vr atc r 
p r io r  t o  add ing the molten T e r ic s . The d i f f e re n c e s in the 

d e t c r�e n t re le as e  rat e s of t h e se th re e pcste s may be 

e x plaine d in t e rms o f  the amount o f  ge ll inc age nt e � ch 

p a s t e  c o n t aine d . The slowe s t d e te r ce n t re le asing p�s t e , 

rn3 /3 2 B ,  c o n tai ned 1 . 3 3 t ime s mo re celling ace n t ( Vo lc lay 

3 2 5 ) than tl le ne x t  sl o we s t , KB3/34B and 2 . 0 t ime s mo re 

than the ne xt slowe s t , KB3 /3 4A . KB3/34B c o n t ained 1 . 5  

t ime s more ce l ling ace n t than K B3 /341\ ( se e Table I .  2 ) .  

The compo s i t io n  o f  the p aste s x:n3/32A il.nd KD
3

/3 2 B 

vr u s  the s o.me bu t u d i ffe re n c e in th e me thod o f  pre p arat ion 

of e ach re sul ted in a big d i ffe re n c e  in the ir rate s o f  

de t e rge n t rele ase . 

K: i-16 / 1 6 v:as prep are d i n  a s imilar vray �o KB-; /6 6A 

and Yjj7 /3 2 A ,  and · th i s  pas t e  al 8o had a rap id r a t e  o f  
:; 

de te rge n t ra l c rJ. ::-:c ( Fie . I .  6 ) .  
'1�h 'J r e fo re , t l 1o :..:;e .J?U.St e s vrhi cc. \ve re pre l)D.reci. by 

d i ::; p e r s in� t h e  ee l l in e;  agen t  i n  t h e  mo l t e n  d e te rce n t f i r c t, 
h�d fas t er d o t e rr,e n t  release rates than tho se prepared 

by d i cpe r a inc the ecl l ine; ace n t in ho t wate r prior to 

nd cl i nr: the de t e rl�c n t a . 
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For t h o  Tu ric c o n t a ininG pus t c u , the re <•.tJ :tJ e u.rcd to 

L'e e o r rc l :� t i o n r; bc t \.,r e c n  t i le pby G i c u.l }Jropc r t ie 0  of e ach 

( 'rnble n I. 3 and I . 1 ) unu it0 r n. n k lng in rl e t crr� o nt r c l c n :1 o  

rate . The o o f t c r  p<..i.G te s ( hic;he r pene tromc tc r  rc 8.d i nc c 

at 40
°

C ) h;1cl t he hic;he r oe l t ine p o i n t s  811cl fn.G tcr d e tcrcent 

re l o n.G e  ratc G ,  i . e .  J\B3/3 2A and 66A . Conve r :-;e ly , the 

n t if fe r p c.u:; t e ::; ( l o ucr lJe n e -trorne t e r  re ucl ino:; at 40°C )  had 

the lo\.,rc r m c l t inc; ro in t a  and Glo we r  d e t e rgen t  r e l c u.;:;e ratan . 

Thus thrl!c po in t s  e me ree fro r.1 the d i G cuo a io n  o f  

the T c r i o  p;1s te s s o  far 1 
1 .  The conpo s i t ion o f  the paste appears to in flue nce the 

d e t ercen t  r e l cnse rate . 

2 .  The me t hod o f  pre parat ion uocd f o r  the p�n t e ::;  al G o  

U J!pe u rc t o  influe n c e  the d e to rLcnt rele ase rate . 

3 .  The con o i c t e ncy and Jne l t ing po in t  o f  the pao te o se e ms 

t o  be related to the d e t e reen t  re le ase rate in vi tro . 

I n t e rpre t at i o n  in te rms o f  a fie ld s itu�tion has 

been a t t e mp t e d  by comparing the t he o re t i cal re sul t s  o f  

do s i ne a paste once da il y 1.,r i t h  do Ginc; a liqu id tw ic e d \Ji ly .  

The re sul t s o bt ained · in r un  B o f  t b e  rur;;e n mod e l  

e xp e r i me nt have be en u sed t o  o bt ain de te rGe n t  c o nc e ntrutions 

up to 24 hrs . ( l"ig . 1 • 5 ) • 

The pas t e  KB3/32B  vra s  se le c ted be cause o f  i t s  slow 
de te rc;e n t  re le n.oe rate ancl vras comp ared with a liquid 

c ontro l of t he Game d e t e ree nt s . 

The as sumpt i ons  mude in esta bl is h i ng the curves 

v1e re ;  
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1 .  'f hc min imum e ffe c t ive d e t e r&e n t  conc cnt r : , t io n  ne c e G onry 

t o  pre ve n t  blo at \'lCJ.s t hat c on c e n tr<.�.tion re ache d by the 

l iquiC. con tro l after 1 2  hour s had elap o e d  in run B ,  

( Fie . I .  5 ) . This c once ntrat io n was approxi mately 
::J rr.c; o f  cl e t e rc;e nt pe r 1 0  ml o f  e ffluen t . 

2 .  1'.h e  l iq u id d e tercc nt c onc·e n t rut ion would c on t inue 
- 1  

t o  ct ec ay a t  a rute o f  0 . 1 5  h . 

3 .  1'h e  paste XB7 /3 2B vras fully d i s s o lve d <:.:.t 24 hour s 
..) 

p o D t  d o sinc; and the d e t e rc;e n t  c oncentrat io n 
. . - 1  

c o mr.1e nccd t o  dc c uy e xpone n t ially a t  0 . 1 5  h froc 

24  to 44 hours po st d o sing . Afte r 44 hours the d e terc;e nt 

c oncentratio n from e ach pas te do se was conside red necliGiblc . 



'fhe c once ntrat i o n  vulue u o f  d e te rce nt re l e a G e d  fro r:� 

t h e  pa a te KB._. / 3 2 B  ove r  the fi rG t 2 4 hourG w e r e  o b t a i n e d  
J 

fro m Fie . I .  5 : tnd \'le re c ulcul uted from Fie . I .  9 thc re uf ter 

up to 44 hours po s t -d o sinc . 

The c al culuted d e te rGent c o nc e ntrut i o n  c h<:;.nce o o ve r  

a 6 6  hour pe rio d o f  t ime f o r  t he liquid d e te rcent an d  o ve r 
an 80 hour p er io d  o f  t i me for the po.o te KD3/32D, are cive n 

in T ab l e s  I .  7 und I .  8 re s pe c t ive ly . Bo th are plo t t ed 

acai n s t  e luv se d t ime in Fie . I .  1 0 . 

Fro m  Fie . I . 1 0  s e ve ral ad van tage a o f  a 24 hourly 

pas te d o s i nG pro cru.nune o ve r  a 1 2 hourly liquid d o sinG 

procramme arc e vid ent .  

1 .  The fre que ncy o f  pas t e  d o s ing n c c e G s ary t o main t � in a 

d c te rc,e n t  c oncentr\ition abo ve t he as sumed m in imum w a o  

ho.lf th��.t required fo r the liquid . Co rre s pond i ngly , 

the amo un t s o f  de te rcen t re qui re d to pro vid e 

p ro te c ti o n we re le s s  for pas t e  than f o r  l i q_uid . 

2 .  T he paste maint aine d an even d e tercent c on c e n t rat ion 

le ve l  ove r the 80 hour pe riod. whe re as the l iqu id 

d e te rce nt shovlCd l arce c on c e n tr a t io n  c h L.tnce s a:.; s o c i ut ed 

w ith a l urce d e t e rce n t  i npu t e ve ry 1 2  hours . 

A d i s ud vant ace o f  the pas te  \·l as  th;.;.t the 

mini r.mm e ffe c t ive d e te rce nt c on c e n  t r3.t ion leve l  \ laG no t . 

re ached unt i l 1 2 h o u r c  nft c r the pr imary d o :.;e . This c ould 

he o ve rcome by acc o mpany inG the primary do ue \l i th a s incle 

l i C'lu i d  d o se or by inc re as inG the primary pas te doce 2 to 3 

fo ld . It was d iffi cul t to inte rpre t the rurr.e n mode l  

find in G S  re l u:� iVe to th e i n  ViVO Si tuat ion bC C 8.USe o f  

un known fac to rs asso c i at e d  with the l ive anir.ml . 

Despite thi s , t he rumen mo d e l  did se rve to 

d e mo n s t rate d i s t inc t ad vant uce s of some paste fo rmulati ons 

over o the rs, and ove r  the liquid c o n tro l fo rmulations . 

SU11MA RY 
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1 • An e x pe r ime n t \·ras d e Gicned u s ine a rume n  mod e l  t o  

d e mo n n t rutc d iffe re nce s in the rate o f  d c tc rce n t  re lc uoe 

from De ve ral d i ffe re n t  an ti-ui O\.lt pas t e  fo rmul u.tiono 

uncl n r  con trol l ed c ondit ions·w  



2 .  So me forr.;ul <..tt i on a  v1e rc :::>h o vm t o  d e lay th e �v a ahou t of 
d c te rce n t  from the rume n mo u e l  v1h en comp�.!.red with 

H a G hou t of the e o rre spond inc; l i<1uid con t rol . 
3 . The d i ffe rc n ee a in t he rate o f  d e t e re e n t  re l e ase o f  

d i ffe re n t  pas t e  type s ap pe are d  t o  be re lated t o  the 

p as te ' G c o rnpo s i t io n  and me thod. o f  pre par at io n aG vtell 

as to the p aste ' s  ph y s ic al propertie s o f  con � i otcncy 

and me l t i nG po in t . 

4 . A the o re t ic al d re nc h inG p r o g rar.:lf.le based o n  the re <.; ult a 

o btained i n  the e xp e r i me n t  sho'tled ad vant uce s o f  the 
p�ste fo rmul at ion , K B:3 / 3 2 B , ove r  the liqui d  c o n t ro l  
d e t e rge n t . 

5 .  S e ve ral i mpo rt an t fac tors re l a t inG t o  t h e  l ive ani mal 
we re r.1e n t i o ne d  and i t  iG n e c e s aary to c on s id e r  t h e :::>e 
fac t o r s  c are fully be fo re e xt rapolat ing the in vitr o  
re sul t s  t o  the in vivo s i tuat ion . 

6 .  The co n c l u s io n is tho..t paste s c an be f o rr.ml atc d lt i t il  

d i ffe r inG dc t e rce nt rele as e  rate s .  Hov1e ve r , un t il 

s imilar curve s can b e  ac curat e l y  e s�abl i shed in vivo 
it is d ifficult t o  say hov1 c l o s e ly the rumen mou el 

re late s to the l ive animal s ituation . 

\ 

2 0  



F ig .  I .  1 A brass disc use d  t o  p rovide agit at io n  
i n  t he rumen model and a me sh c ontaine r 
used to hold the p aste sample . 
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A 

F G 

Fig . I .  2 The mo de l rumen 

A = mo t or d riven c rank 

B = water bath 

c = c ylinder 

D = agit at ion d i sc w ith attached basket 

E = pe ri s t al t ic pump 

F = water supply be ake r  

G = e ffluent c o lle c ting be ake r  
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Calibrat ion graphs use d  t o  de termine 
de t e rgent c onc entrat ions . 
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The d e te rgent c onc en trat i o n  ve rsus e lapsed 
t ime for t he 5 pas te fo rmulat ions and the 
liquid detergent c o nt ro l  in run A .  
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'r i�DLJ� I • 2 

The composition of the anti-bloa t  
paste s  te sted i n  t h e  rumen mode l . 

Pas te D e t e r,e nts Antifo am Aa 
Ge lling Age nt 

C ode ')� w w 1o w/w �� vl /w 

Teric b Volclay 3 25 c 

1 211.3 1 2A23 

KB3/ 3 2 A 40 . 80 2 7 . 20 2 . 00 5 . 00 

3 2 B  40 . 80 2 7 . 20 " 5 . 00 

3 411. 4 2 . 3 0  28 . 20 " 2 . 5 0 

3 4 B  4 1  . 6 0  27 . 6 5 " 3 . 7 5  

N8
d 

GN 1 5 d .t;thylce llulose 

KB3 /6 6 A  85 . 5 0  1 0 . 00 4 . 5 0  

Poloxalene
e 

K B6 / 1 6 9 2 . 5 0  0 • . 5 0  4 . 00 

he mB.inde r  
'!� w /w 

·,·/ater 

25 . 00 
" 

" 

" 

C yclomid 

3 . 00 

a Antifoam A is a Dow-Corning product and i s  an anti­
foaminc agent 

b Te ric is a trc.,_de nu.me of I C I  ANZ 
T e ri c  1 2 11.3 and Teric 1 2i-�.23 are l t=.uryl ulcohol 
condense d  with 3 and 23 mole s o f  ethy l e ne oxide per 
mole of alcohol respe ctive ly. · 

c Vol clay ) 2 5 i s  <l bcntoni t o  cluy u s e d  comL:only us a 
[;ell inrr ;< :" O n  t. 

d T e ric N 8 o.nd Te ric GN 1 5  are nonyl phe nol conder: sed 
with 8 and 1 5  mole s of e thy le ne oxide p e r  mole of 
phenol r e spective ly. 

e Poloxal e ne is a Smith Kline and French product. I t  
i s  a po lyoxypropylene - polyoxyethylene polyme r in 
the rat io of 6 7� : 3 3 �  with an ave rage to tal mol. wt . 
of about 3 000 . 
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TA B IE  I ,  3 

The me lt ine po i n t s  o f  the Tc ric pa s t c s
a

. 

Pas te Code Nelt ing Po int 0 c .  

KB:3/ 3 2 A  5 1  - fairly d i a t inct 

3 2 B  4 2  - d is t inct 

3 4A 4 1 - " 

34B  42  - " 

6 6 A  45 - no t d istinct 

a The se re sul t s  w e re obt ained by N3D chemi s t s , 

TA BLE I. 4 
C o n s i s t ency of the five Te ric paste s 
at various temp e ratur e s

a
. 

Paste C o d e  

KB) /32A 

KB3 /3 2 B  

KB3 / 34A 

KB3/34 B 

KB3/6 6 A  

. 0 Temp C .  

RT 

4 
40 
RT 

4 
40 
RT 

4 
40 
RT 

4 
40 
RT 

4 
40 

Cons i s te ncy ( mm ) b 

306 
2 1 7 
240 
1 86 
1 86 
204 
205 
2 1 5 
2 1 0  
200 
1 80 
2 1 5  
248 
1 5 7 
270 

I 

a The se re sults were obtained by H:JD chemists . 

b A " Arthur H .  Tho mas Co • " Pen e trome t e r  was used 
for consistency me asure me nt 
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TA BLE I .  5 .  

Tl i c  ab c o rban c c  valuc o o f  the o t und ard 
•r c r i c  and l'o lox:J.lc ne d e te r0cnt conc e n trat i o ns 
used t o  e s tabl i sh the c ul i brat ion c;raph n . 

D e t e rge nt s  Co nc e nt ratio n Ab sorbun ce at 
( me/ 1 0ml so lve nt ) 6 20 nm 

T e r i c s  1 2A3 + 
1 2A23 2 . 5 0 0 . 1 3  

5 . 00 0 . 2 8 

7 . 5 0 0 . 4 2  

1 0 . 00 0 . 5 7  

T e r i c s  N8 + 
GN 1 5  1 . 00 0 . 1 6  

2 . 00 0 . ) 0 

4 . 00 0 . 5 8  

6 . 00 0 . 9 2 

Po lo xal e ne 2 . -JO 0 . 2 4  

4 . 00 0 . 48 

5 . 5 0  0 . 6 6  

7 . 00 0 . 83 
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§, n-. 

A 

.I_A-aLE I. 6 
The d e t e rgent c o ncent r;J.t i o n s  in the e fflue nt 
and the perce ntac;e of d e t e rge nt re c ove red 
w i th e lapsed t ime f o r  runs A ,  B and C .  

Fo rmulat . .p . 1� bsorb. De t e rg • me De te rg . 
• Q .P  at C o nce n t . c o ll e c ted 

,.q (1) () 6 20 nm . per vol . of � Ql • 

Q) .-f .-f -a e fflue nt u � .-f  nt:/10ml af· 
...... � 0 
E-4 r•l o e ffluent 

Liq . T e ric 0 0 . 39/5ml 1 4 . 00 

1 5 4  . 3 5 /5ml 1 2 . 6 0  6 8  68 
2 55  . 3 1 /5ml 1 1  • 20 6 2 1 3 0  

4 1 1 5 . 50 9 . 00 1 04 234  

6 1 1  2 . 45 8 . 1 0  9 1  3 2 5 

8 1 09 . 38 6 . 80 7 4  3 99 

1 0  1 1  0 . 3 7 6 . 60 75 474 

1 2 1 1 0 . 3 4 6 .  20 7 0  5 4 4  

KB
3

/32A 1 55 • 1 5  2 . 60 1 4  1 4 
2 56  . 45 . 6.. 00 4 5 5 9 

4 1 1 0 . 6 2  1 1  • 30 1 24 1 83 
6 1 1 2 . 57 1 0 . 40 1 1 6 299  

8 1 1  2 . so 9 . 00 1 0 1  400 
1 0  1 1  0 . 4 1  7 . 40 8 1  48 1 

1 1 . 5 83 . 36 6 . 40 5 3  5 3 4 

KB3
/32B 1 5 6  .03 . so  3 3 

2 55 . 07 1 • 20 7 1 0  

4 1 1  2 • 1 2 2 . 1 0  24 3 4  

6 1 1 5 . 1 3  2 . 30 26 6 0  

8 1 1 4 . 1 3 2 . 3 0  26 86 
1 0  1 1 3 . 1 6  2 . 80 32 1 1 8 
1 2 1 1 2 . 1 7 3 . 20 36 1 5 4  

43 
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Q) 
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� :> 
(1) 0 

.P O  
Q) (1) 

A H  

0 

1 0  
1 8  
3 3  

46 

5 7  

68 
78 
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e 
26 

43 

55 

6 6 
74 

. 5  
1 
5 
9 

1 2 

1 7  
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T/lBL.� I .  6 ( c ont ' d . )  

A KB
3/34A 1 5 5 . 07 1 .  20 7 7 1 

2 5 4  • 1 5  2 . 6 0  1 4  2 1  3 

4 1 1 0 . 23 4 . 1  0 45  6 6  9 

6 1 1  0 . 24 4 . 3 0  4 7  1 1  3 1 6  

8 1 1  2 . 26 4 . 6 0  5 2 1 6 5 24 

1 0  1 1  3 . 2 9 5 . 30 6 0  225  3 2  

1 2 1 1 4 . 32 5 . 70 6 5  290 4 1 

KB3/34B 1 5 5  . 06 1 . oo 5 5 1 

2 5 4  . 1  3 2 . 4 0 1 3  1 8  3 

4 1 1 5 . 20 3 . 6 0 4 1  5 9  8 
6 1 1  2 • 2 1  3 . 86 43 1 02 1 5 
8 1 1  2 . 24 4 . 40 48 1 5 1  2 2  

1 0  1 1 4 . 28 5 . 00 5 7  208 3 0  

1 2 1 1  5 . 3 0 5 . 40 6 2  270 39 

KB3 /613A 1 5 4  . 3 9 2 . 6 0  1 4  1 4 2 

2 5 3 . 5 0/5ml 6 .. 80 3 6  5 0  7 

4 1 09 . 6 5 /5 ml 8 . 70 95 1 4 5 2 1  

6 1 06 . 5 8/5ml 7 . 80 84 2 2 9  3 3  

8 1 1 2 . 48/5 ml 6 . 40 7 3  3 0 2  4 2  

1 0  1 1  0 . 7 9 5 . 30 58 3 6 0  5 1  

1 2  1 1 0 . 6 9  4 . 60  5 1  4 1 1 5 9  

B Liq . Teric 0 600 . 6 5/ 5ml 23 . 4 0 

1 93 • 56/5rnl 20 . 1 0  1 87 1 87 1 3  

2 1 1 5 . 49 /5 ml  1 7 . 60  2 0 2  389 28 

3 . 5 1 6 2 . 40/5ml 1 4 . 6 0 237  6 26 45 

7 3 9 3  . 4 7  8 . 50 3 3 4  960 6 9  

9 2 3 5  . 3 3 6 . 00 1 4 1  1 1  0 1  7 9  

1 2 340  . 20 3 . 60  1 2 2 1 2 2 3  87 

1 4 . 75 3 1 5 • 1 3  2 . 30 72 1 29 5  9 2  

1 8  3 70 . 07 1 . 30 48 1 3 43 96 

1 9 . 75 2 1 0  . 04 .80 1 7 1 36 0  97 
; 

2 . 2  25 4  . 03 . so 1 3  1 37 3  98 



B KD3 / 3 2A 

KB3 /32B 

KB3/34A 

TJ,BLB I .  6 ( cont ' d . ) 

1 �6 . 1 9  

2 1 1  5 . 3 2  

3 . 5 1 6 3 - 43 

' 7  3 95 . 5 0 

9 2 25 . 5 0 

1 2 3 5 0  . 35 

1 4 . 75 3 1 2 . 26 

1 8  3 6 5  • 1 7 

1 9 . 75 2 1 6 . 1 3  

2 2  2 5 0  . 09 

2 6  4 5 0  . 05 

1 1 00 . 03 

2 1 1 7 . 6 7  

3 . 5  1 6 2  . 1  0 

7 3 95 • 1 5 

9 240 . 1 6 

1 2 340 • 1 6 

1 4 . 75 3 1 7 • 1 7 

1 8 3 70 • 1 7 

1 4 . 7 5 2 20 . 1 8  

2 2  245 . 2 2 

2 6  455  . 2 2 

3 1  5 6 5  • 1 3 

3 4 3 3 5  . 0 9 

1 96 . 06 

2 1 1  5 • 1 2 

3 . 5 1 6 3 . 1 9 

7 3 95 . 29 

9 2 25 . 30 
1 2 3 5 0  . 3 0  

1 4 . 75 3 1 2 . 2 9 

1 8  3 6 5  . 26 
1 9 . 75 . 205 . 25 

2 2  248 • 1 7  

26 4 5 3 . 09 

3 1  5 73 . 05 

3 4  335 . 0 4  
--

45 

3 . 40 3 3 3 ) 2 

5 . 70 66 99 7 

7 . 70 1 2 5 2 24 1 6  

9 . 00 3 5 5  5 7 9  4 1  

9 . 00 202 78 1 5 6  

6 . 30 2 20 1 00 1  7 1  

4 . 70 1 47 1 1 48 e2 

3 . 00 1 09 1 25 7  90 

2 . 40 5 2  1 309 93 

1 . 6 0  40 1 3 4 9  96 

. 90 4 0  1 389 99 

. 5 0  5 5 .50 

1 . 30 1 5 20 1 .50 

1 . 80 2 9 4 9 3 .50 

2 . 60  1 03 1 5 2 1 1 

2 . 9 0  70 . 2 22 1 6  

2 . 90 99 3 2 1  23 

3 . 1 0  98 4 1 9 30 

3 . •  1 0 1 4 1  5 6 0  4 0  

3 . 30 73 6 3 3  45 

4 . 00 98 7 3 1  5 2  

4 . 00 1 82 9 1 3 6 5  

2 . 40 1 36 1 049 7 5 

1 . 60  5 4 1 1 03 79 

1 • 1 0 1 1 1 1 1 

2 . 20 25 36  3 

3 . 40 5 5  9 1  6 

5 . 20 205 296 2 1  

5 . 5 0 1 2 4 420 30 
5 . 50 1 9 2 6 1 2 4 4 

5 . 2 0  1 6 2 774 55 

4 . 70 1 72 946 68 
4 . 5 0  9 2 1 038 74 

3 . 1 0  7 1  1 1 1  5 80 

1 . 6 0  1 2 1 1 87 . 85 

. go 5 2  1 239 88 

. 70 23 1 26 2  90 



c Polox . 
Liquid 

KB6/ 1 6 

TABLE I .  6 ( cont ' d ) 

1 6 8  . 5 0/ 4ml 
2 . 5  1 08 . 5 2/5 ml 
4 . 5  1 40 . 40/5ml 
5 . 5 72  . 3 1 / 11  

7 1 05 . 29/  " 

8 72 . 25 / 1 1  

1 76 . 44/5 rnl  
2 . 5 1 06 . 5 1 / 11 

4 . 5  1 34 . 43/ ,, 
5 . 5 73 . 38/ 11 

7 1 0 1 
• 3 2/ 1 1 

8 72 . 27/ 11  

46 

1 0 . 50  7 1  7 1  1 0  
8 . 80 99 1 66 24 
6 . 80 95 26 1  37 
6 . 00 43  304 43 
4 . 90 5 1  3 5 5  5 1 
4 . 3 0 3 1 386 55 

7 . 40 56 56 8 
8 . 60 91  1 47 2 1  
7 . 20 96 243 3 5  
6 . 40 47 290 41 
5 . 40 54 344 49 
4 . 6 0  3 3  377 54  



T i me 
h 

0* 23 . 4 
4 1 2 . 7  

0 6 . 6  

1 2* 3 . 5  

1 6 

20 
24* 
28 

32  
36 * 
40 
4 4  
t1 8 *  

5 2  
56 

60* 

TABLE I .  7 

The calculated de tergent concentration change s 
w ith time based on a 1 2  hourly liquid d o s ing 
schedule ( Li quid decay rate = 0 . 1 5- 1 ) .  

Totnl detergent c oncentration ( r.lg/ 1 0ml )  
Liquid 

---

+ 2) .4=26 . 9  

1 4 . 5  

7 . 6  

4 . 0  + 23 . 4=27 . 4  

1 4 . 9  
7 . 7 

4 . 1  + 23 . 4=27 . 5  

1 4 . 9  
7 . 7  

4 .  1 + 23 . 4=27 . 5  

1 4 . 9  

7 . 7 

4 . 1 0  
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T 
0 I 2me 
h 

0* 
4 
8 

1 2 
1 6  
20  
24* 
28 
32  
36 
40 
44 
48* 
5 2  
56 
6 0  
6 4  
6 8 . 
72* 
76 
80 

TAJ31E I .  8 

The c alculat e d  detergent concentration change s 
vTi th time based on a 24 hourly paste d o s ing 
schedule ( Liquid dec ay rate = 0 . 1 5h- 1 ) 

Total deterge nt concentrat ion ( rne/ 1 orn1 ) 
Paste ( KB3/32B)  

0 
2 . 0 
2 . 8 
2 . 9  
3 . 0 
3 . 4 
4 . 0 + 0 =4 . 0  
2 . 2  + 2 . 0=4 . 2 
1 • 2 + 2 . 8=4 . 0  
0 . 6  + 2 . 9=3 . 5 
0 . 3 + 3 . 0=3 . 3  
0 . 2  + 3 . 4+3 . 6  
- + 4 . 0=4 . 0  + 0 =4 . 0  

2 . 2  + 2 . 0=4 . 2  
1 • 2 + 2 . 8=4 . 0  
0 . 6 + 2 . 9=3 . 5  
0 . 3 + 3 . 0=3 . 3 
0 . 2  + 3 . 4=3 . 6 

- + 4 . 0=4 . 0  + 0 = 4 . 0 
2 . 2  + 2 . 0 = 4 . 2  
1 . 2  + 2 .8 = 4 . 0 
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CHAPTER 2 

An investieation o f  the  effe c t s  of 
administration on the physic al state of  
administered pas te bol i  delivered at  the 
c ardi a .  

INTRODU C T I O N  

The rele ase rate of active materials from anti­
bloat paste s into the surroundi ng fluid will be dependent 
on  two fac t ors : �  
1 )  The pas te ' s  compo sit ion and method o f  preparat ion 

as shown in Chapt er 1 • . 

2 )  The surface are a of  paste expo sed fo r di s solutio n .  

The second factor could be largely influenced by 
the de gree o f  phys ic al separat ion o f  the paste which 
might o ccur dur ing administrat io n .  Also , the degree o f  
agitat ion and a t t ri t i o n  suffe red by the paste bolus in 
the ru�en i s  likely to be important . 
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The po ssibility that some paste s might survive the 
biting , che wing and swallowinG at administration better 
t han o ther s  was suege st ed by the d iffe rent physical charac­
terist ic s  and formulat ions of  the different pas t e s  
( T able s I .  2 ,  I .  3 ,  and I .  4 ) . 

A sy stemat ic inve stigat ion of the e ffect s  oi 
administ rat ion on t he physical s tate of the p aste bolus 
was there fore unde rtaken . 

This s tudy had three o b j ec t ive s : -
1 • To d e termine the effe c t s  of  admini strat ion on  the 

physic al state of the paste bolus delive red  at the 
cardia . 

2 . To determine to 1vhat extent the animal re ac t i o n  to 
administration affected the cond it ion o f  the paste 
bolus at the cardia . 

3 . To o bserve the re sistanc e  of the swallowed paste 
bolus to  mild agitation in  the saliva collected  with 
the bolus . 
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EXPBRIMBNTAL DB SI GN 

The rumen conte nts were bailed from two s teers 
with rume n fistulae . Each was do sed up to  six t ime s , 
on d i fferent d ays , with one of f ive differe nt paste 
formulations . On e ach o ccasion t he re action of  the steer 
to the do sing procedure was note d  and graded ( animal reaction 
grade ) .  The swallowed paste dose was colle cted at the 
card ia in a be aker ( 250ml ) along with t he accompanying 
saliva .  Each colle c ted paste do se was transferred t o  a 
pe t ri dish ,  photographed and graded fo r intactness 
( intactne s s  grade ) . All sample s  . were then tran sferred t o · 
cont ainers and placed in a water  bath kept at 39°0 . 

Half o f  the samples were left undi sturbed for 
2-t hours . 

Half o f  the samp les were pe rio dically agitat ed 
over  2t hour s . 

All o f  the sample s were then transferred t o  a 
pe tri dish ,  re-photographed ru1d thei r physic al st ate was 
c ompared vri th that immediately after colle ction . This 
allowed a measurement of the re sistance of individual 
paste formulat ions to bre ak down . 

Correlation o f  re action grade with p aste b olus 
int actne ss grade gave some ind i c ation o f  the phys ical 
st ability o f  the paste formulat ion and t he effe c t s  o f  
animal behavi our at do sing o n  the  intactne s s  o f  the bolus 
at the c ard i a .  

�'IATERIALS AND METHODS 
Material s  

Five paste s we re te ste d .  Four we re the Teric 
1 2A3 - 1 2A23 combinati ons , KB3/3 2A ,  32B ,  34A , 34B ,  and the 
fifth was a Po loxalene paste . The Poloxalene paste differed 
from KB6/ 1 6 ( Table I .  2 )  in that it contained 9 1 %  
Poloxalene and 9% ethylcellulos e  as the gelling agen t . 

For de tails o f  the formulat ions and physical 
propertie s o f  the f our Teric p aste s , see Table s I .  2 ,  I .  3 ,  
and I . 4·. All pastes  were d elive red from a c artridge by 
a paste do sing gun ( Fig . I I .  1 ) . 



/m i m:1.l o 

THo 3 y e ar o ld J e r s e y  s t e e r o  w i t h  rume n f i o tulao 

nnd \m icl l i nc; appro xima t e ly 400 kg e ac h  Here c ho cc n  o.t 

rand o m  fo r the e xpe rime n t from o. croup o f  o i x . 

The an i mal s , 1 GH.BY 1 o.nd 1 3 5 3  1 v1e re uocd to 

handl ing , but ne ither had had e xpe ri enc e  of the I•'ierc k ,  

Shar p and D o hme p as t e d o s ing gun . 

Do s i nr; me tl 1 o d  

llf te r e mp ty inG t he rume ns o f  e ach s t e e r  ( R e id , 

1 965 , )  nn as s i s t ant d e l ive re d the paote do se . 

The t e crillique used he re was to de live r  the d o s e 

on t o  the bac k o f  the t o ngue as this mo st o ften re sulted 

in i mme d i ate S\·Tallo\v ing . 

Appro ximate ly 3 minute s we r e. a llowed be t vre e n  
suc c e s s ive d o se s . 

R e ac t ion gr ad e  sys t e m  

The an imal s r e ac t ion t o e ac h  do s i ng was grad e d 

ac c ord ine t o  t h e  follo H i ng c las s if i c a t ion : -

A Immed i ot e s·, ;all o w ing o f  t h e  p�s t e d o se 1tl i thout 
cheHing 

B One t o  t vw c h e H s  o f  the p as t e , s o me t oncue ro ll i ng 
be fo re svral loviinc \·;i thin 5 s e conds .  

C - A pe riod o f  5 to 1 0  s e c ond s o f  c h e w i ng the pus t e , 
t o nGUe ro ll ing and head t o s s ing be fo re S \W.ll o vTing . 

D - P ro lo nge d chew ing o f  the pas t e , froth appe aring 
�t the l i p s  and mu z z le and o c c as ionally pie c e s  
drop ped from t h e  �ou th . 

S ::l>l1pl c c o ll e c t i on met ho d  

The ope rat o r  1 s right arm vTas e xt e nd e d  thro u0h the 

rume n fi:::; tual and th e c ard i a  1-1as lo c ate d . A smal l 

p l i able p l as t ic be ake r was h e ld fi rmly over the ope n ing 

ju s t  as the as s is t ant d e live re d  the pas t<J d o s e  t o  the 

animal . The be aker Has held i n  thi s po s i t i o n  unt il the 

animal had finishe d 0\'Tallo\.,i ng  and h ad s e t tled d own aea in . 

'i'he be ak e r  \·Tas then \·Ti thdrawn from the rumen o.nd the 

vo lume o f  sal iva collected o n  e ach o c c as io n  immed iately 

ad j u o t e d  t o  a standard amount ( 60 mls ) .  



Ph o togr:tph:,r 
A Hl l i  t o  c ard bo ard bac kr_�round vr n.G pre p are d :; i •o ·., ine 

the pas t e  type, n.nim<.tl ident ific n. t io n , d o  ::::;c o rd e r  nur.1bc r , 

t ime e lap se d  n inco c o ll e c tion and a c e nt ir.10 tre z c �le . 

A pe tr i d i sh w i th the s ample \·tas plac ed in the 
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c e ntre o f  the c ard . Pho to craph s \·re re t ake n ve r t ic �ly us 1-
ng n.n A s nh i  l'e nt ax c amera ( lens 1 : 2 ,  55 mm) and flash 

mounted o n  a t r ipod above the c ard 

Ilf ord Fl'4 , 1 35 bl ac k and \-thi te film was u.oed . 

Ar.i tation m e thod 
C appe d po t t l e s c o nt n.in ing the paste ::;ample 

and u al ivn He re pl ac ed in a troug� at t ached t o  a 

ho riz ontally o s c il lu.t ing arm d riven by an e l e c tr ic mo t o r . 

The throvl \vas 1 0  c m  n.nd the rate o f  o sc illn.t ion w as 40 
pe r r.:Jinut e . 

The ::::; ar11ple o v1e re a& i  tate d fo r 60  se c::; .  eve ry 

7 hour o ve r a 2-�- hour pe rio d . Sample s we re re turned t o  

t h e  Hate r  b a t h  afte r  n.g i tat i o n . 

}J a s tc bo ln s i n t ac tne G S  gr c.d ing system 
The int ac tne s s  o f  t h e  pas t e  b o lus s ample- \vus 

cra.d ed ac c o rd ing t o  the c l a s s i f ic a t i o n  in F ig . I I . 2 .  

Typ ic aJ. e xample s app e ar  above e ach gr ad e de s cr ipt i on . 

RE SULTS 

Fro m the numbe r o f  e xper ime n t s c ar ried out 

the re api:e are d t o  be no s ignific ant d i ffe r enc e be J�Hc e n  

the p:..:.s te fo rmulat ions in the ir abi l it y  to Hith stCLnd the 

phys ic al c ffe c t o  o f  ad min i strD.t ion . ( No s t at i s t ic al  

analy s i s  vms c arri ed ou t bec nu se o f  the �r.�u.ll c xp c r iruc n t al  

numbe r s invo lved ) . 

This is rafle c te d  in the t o t als re c o rde d fo r e ach 

r e n.c t t on �:�r R d e  ( T able II . l ) and int ac tn e s s  ern.d e ( T able 

I I .  2 ) ,  ac c o rd inG to o ac h po..ote type . 

The r·e wao h o weve r , an o bviou s animal e ffe c t . 



The lnfluo nce o f  th e  ind ividual an imol 
Table o I I . 1 o.nd I I . 2 show that fo r all p aste s 

c ombined there was a differenc e in  the t o t al reaction and 
intact ne ss grad e s  re co rde d by e ach animal . 
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Steer Grey scor e d  re act ion grade s of mainly A and B 
and intactness  grade s of  E ,  F and G .  Steer 3 5 3  however , 
scored mainly B and C re act ion grade s and F and G intact-
ne ss grade s .  • 

The di fference in re ac tion and intac tne s s  grade s 
re c orded for e ach steer  is emphasised in Fig .  I I . 3 .  
This shows the percent age that each reac t io n  grade and 
intactness  grade repre sent s  o f  the t o tal numbe r o f  t e sts 
carr ied out in e ach s tee r . 

Figure I I . 3 shows that s teer  353 scored a higher 
percentage of C and D reaction grades  and G and H intact­
ne s s  grade s than did steer GREY . 

C o rre lat ion o f  do sing grade s vTith intactne s s  grades  
A trend toward s inc re ased paste fragme nt at ion with 

inc re ased an imal re act ion to do sing was o bserved . This  is  
demo ns trated in Table I I . 3 wh ich shows a comparison of  the 
re act ion grade lvith i t s  c o rre sponding intactne s s  grade for 
e ach individual administ rat ion .  

This t able also shows a trend towards increased 
animal re act ion with succe ssive do sings for each p aste 
formulat ion . This effect was more marked in ste e r  3 5 3  
which scored more C and D re act ion grade s and G and H 

int ac tne ss  grade s than did s t e e r  Grey as d osing was 
re pe ated . The t otal number o f  grade s A - D ;  E - H ,  
scored in suc c e ssive do s ings is shown in Tabl e I I �� 4 .  

Effe c t s  of agitation on the swallowed paste bolus 
Sampl.e s  of swallowed paste boli of grades  E and F 

when le ft undi sturbed at 39°C for 2t hour s changed only 
slowly . However , samples of grad e s  G and H which were 
alre ady fragme nted  on c ollection appeared to break down 
more quic kly ( Fig . I I . 4 ) .  

No difference s at tributable to paste formulat ion 
we re see n .  
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Agitat ion increased the rat e  of  dissolut ion · of 
the past e  sample s .  However , intact boli withstood agitation 
be tter than fragmente d bol i . This is cle arly shown in 
Fig .  I I . 5 which compare s the e ffect of agit at ion on samples 
of the two extreme s . 

DI SCUSSION 

In t hese experime nt s  the overriding factor 
de te rmining the degree o f  physic al disrupt io n  of t he 
paste bolus be fo re arrival at the cardia , was the re action 
of the animal to the do sing proc e dure . A difference 
betwe e n  animals in this re spec t was shown ( Table II . 1 ,  
II . 2 ;  Fig . I I . 3 ) .  Ste er 3 5 3  re acted more adve rsely 
to do s ing than d id s teer  Grey and conse quently score d  
mo re G and H intactne ss  grade s .  

The d isruptive e ffects  caused by pass age down the 
oe so phagus are difficul t  t o  me asure but are likely to be 
minor c ompared with that caused by chewing and rolling 
the paste bolus against t he t ee th ,  and chee k and tongue 
papillae . 

Two fac tors could influenc e paste do sing acc ept­
ance . Firstl y ,  taste may be impo rtant and the accept anc e  
o f  d o sing base d on taste could vary bet\ve e n  animals 

Secondly ,  animal temperament is likely to influence 
animal re act ion to do sing and temperament also varie s  
be twee n  animals .  Ste er  353  was more e asily upset than 
steer Gre y ,  ( T able II . 4 ) . 

On a he rd basis , tho se two fuctors c ould re sult 
in a w ide range in the degree o f  intactne ss o f  p aste boli 
delivered to the rume n .  

The mild agitation tre atment was ade quate t o  
de monstrate that fragmented paste boli disso lved more 
quickly than intact boli ( Fig . II . 5 ) .  This seems 
re asonable in view of the gre atly increased surface 
area exposed for dissolution with fragmented boli . 
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A c r l t l c n l  rn c t  o m o r r�n r; i f  ono .'1 t t e rrp t :-J  t o  i n t e r pret 
the r c r-� n l t �  o f  t h e  c x n0 r -t mc nt in t o r r·lr-1 o f  t h0 f ic lrl  

� t. t. n  .. t l o n  • I t  i s , tlw..t there c o.n be a l<..�.rc;e variu.t io n  

in t h e  d egre e o f  t1 i aru11tion o f  t he paGte cl oce durinc 

admini str��t ion bo th vli thin and be tvTe c n  animal s . 
Conse quently , fo r any c ive n pas t e  formulation the ::;urface 

are a o f  the swall o wed bolu s  e xpo sed for di s s o lu t i o n  in 

rwne n fluid c un vary Hidely . 

Th i s  fac t be come s  ol· critical il'ilpo rt ance i f  the 

p e r s i s t e nc e  o f  de te rge nt in the rumen for any given paste 

d o se is d e termined by the degree o f  i n t ac t ne s o  of the 

swal lowed bo lus o n  e nte ring the
. 

rume n .  

To answe r this que stion it i s  ne ce s s ary t o  

d i s c over the fate o f  the s wa.llov1e d paGte bolus i n  the 

rume n . Vi suu.l .obGervation is imp rac t ic ul . The ide al 

me thod \vould be t o  e s t abl i sh the d e t e rge nt d e c ay curve s 

in nlme n liquor f o r  intac t  and fracmc nted pas t e  boli 

d e po s i te d  D1 t l� r ume n s  of cat t l e  wi th rumen fi o tulnc . 

I f  the d e tercent d e c uy curve s  o f  bo t h  ty1)e o 

o f  bo l i  vrc re s i mi l ar the n  i t  c ould be inte r p re t e d  thut 

unimal re ac t io n  to pus te ud ministr :...t ion \las no t nn 
impo rt ant fac t o r  influenc ing the pe r s i stence o f  d e t e ree nt 

in the rume n . i:..l so , that it \vas l i kely rume n rno t il i  ty 

quic kly caused fragmentat ion of t he intac t  p as te bolus . 

If t h e  t v1 o  t ype s of bo l i  r e s u l t e d  in :mar ke d l y 

d i ffe r e nt de c ay curve s ,  then animal reac t ion to paste 

ad ministrat ion b e c o me s a vit �a aspe c t  of the efficacy o f  

G.nt i - bloat past e s . I t  ·c ould al so be inte r pre ted that 

rume n mo t ility played no s icnificant role in the furthe r 

bre akd o vm of the :paste  bolus . 

An attc 1:1pt was mad e to ansHe r so me o f  the above 

q ue s t ions by e s t abli shing in vivo d e te rce nt d e cay curve s 

o f  Fol o xalo ne liqu id and paste using s tee rs 'vi th rumen 

fi s tul ae . Tha t  work is reported l.n the following 

Chap t e r . 
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SUMHARY 

1 .  Five anti -bloat paste formulations were each administ-
·-----

ered by mouth up to six t iloo s t o  two Jersey steers 
having rumen f i stulae . 

2 .  Animal re action to each do sing was noted and graded . 

3 . Each d o se of  paste was c oll ec ted as it was de live red 
t o  the rumen . The colle c ted paste vTas graded for 
intac tne s s  immed iately and after art ific ial agitiat ion . 

4 .  The degre e o f  intac tne s s  of  the boli delivered through 
the c ardia varied wide ly . The dominant factor found 
affec t ing int ac tne s s  was the animal re ac t io n  to the 
do sing procedure . The paste fo rmulat ion had no 
obvio us e ffec t .  

5 .  Evidenc e of  a diffe renc e be twee n animals in animal 
re action to do sing was o btained . 

6 .  Bol i  fragme nted after administration,  dis s olved mo re 
quickly than intact  bol i , whe ther left und i sturbed or  
mildly agitat ed . 

7 .  I t  i s  concluded that the effic acy of the pastes as 
a fie ld tre at ment could be se.riously reduc e d  by 
animal re action to administration and that a further 
limitat ion c ould be imposed by the susc e pti bility 
o f  the paste s to agitat ion by rumen movement . 
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Fig . II . 1 Pas te do sing gun with a mounted c artridge . 



E .  ( KB3/34A, Steer GREY) 
One t o  two large 
e longated segment s ,  no 
fragments .  

G .  ( KB�/34A, Steer 35 3 )  
Sev� ral small segme nts 
and many bro ken up i nto 
fragment s . 
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F .  (KB� /34B , Steer 353 ) 
Three t o  four smaller 
segment s with o c c asional 
fragment s .  

l l l l l ! ' l l l l i j l '  ' ' !  
_, a l n  1 1  

H .  (KB� /3 2B , Ste er 353 ) 
No segment s , many 
fragme nts and quite . 
frothy upon collection . 

Fig . I I . 2 Typic al  e xample s of the bolus intactne s s  
grad�s c l assificat ion .  



eo -e-GREY 
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A B c D E F G H 

REACTION GfWE NTN;TNESS CIWE 

Fig . II . 3 The perc ent age that each re action grade  
and intac tne s s  grade repre se nts of  the 
to tal numbe r o f  t e sts carried out in 
e ach steer . 

5 9  



l a . ( Po l ox .  Steer 353 )  
S a mp le o f  inta c t  
b o l i  15  min . a fter 
c o l le c t  ion . 

2a . ( Po l ox .  Steer GREY ) 
Samp le of fragmented 
b o l i  �5 min . a f t er 
c o l le c t ion . 

'T'I'I""I'" 'P"Tr. l: : . 
a � n 

lb . T he s a me s a mp le 
2 � hour s la ter . 
(no ag i ta t ion)  

2b . T he s a me  s a mp le 
2 �  hours la te r . 
(no ag i ta t ion )  

F ig .  I I .  4 Samp le s  o f  inta c t  a nd  fragmented pa s te bol1 
not s ub je c t e d  t o  ag itat ion . 
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1 1 1 1 1 1 1' 1 ' 1 ' ' 1 1 1 � ' 1 ' ' ' ' 1 "- I '  
" 

1 a . ( Po lox . Ste e r  GREY ) 
S ample of intact boli 

1 1 1  1 
5 6 ·-

1 5  min . after c olle c tion . 

- 'T:T;� 
' ' 1 1 ' ' I I"' " I"'T' "  

7 8 9 1 0  11  12 13 14 15 

2a . ( Polox . Steer GREY )  
Sample of fragmented 
bo li 1 5  min . after 
c ollec tion .  

1 b .  The s ame sample 
2t hours later 
( agitat ion ) . 

2b . The same s ample 
2t hours later 
( agi tation ) 

Fig . I I � 5 The effect  o f  agit ation on sample s o f  intact 

6 1  

and fragmented paste boli . TREATNENT : 60 sec s . 
agitat ion every t hour fo r 2t hours.  
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TABLE I I . 1 

Re actio n  grade ac cording to  p aste type 

Steer GREY Steer 3 5 3  Both Ste ers 
Paste Total T otal s  for Total Totals for Total Tot al s  for 
Type Tests e ach re ac t . Tests e ach re ac t . Te sts e ach re act 

grade grade grade 
A B c D A B c D A B c D 

�B3/3 2A 6 3 3 5 3 1 1 1 1  6 4 1 
32B 3 1 2 6 2 2 2 9 1 4 2 2 
34A 4 2 1 1 5 1 2 1 1 9 3 3 2 1 
34B 5 3 1 1 6 1 2 2 1 1 1  4 3 2 2 

Polo x . 5 2 2 1 5 2 1 2 1 0  4 3 3 ( SKF ) 
Summed 
Totals 23 8 · 9 5 1 27 4 1 0  8 5 50 12 1 9  1 3 6 

T ABLB II . 2 

Intactne s s  grade acc ording t o  paste type 

Steer GREY Stee r 353  Both Steers 

Paste �o tal Totals f or Total T ot al s  for To tal Totc:tls for 
Type �e st s e ach int ac t . Tests e ach intact . Tests  e ach intact • 

grade grade grade 
E F G H E F G H E F G H 

KB3/3 2A 6 2 4 5 2 3 1 1 4 7 
32B 3 1 2 6 1 2 2 1 9 2 4 2 1 
34A 4 2 1 1 5 1 3 1 9 )--- 1 4 1 
34B 5 1 1 3 6 1 1 3 1 1 1  2 2 6 1 

Polox . 5 2 3 5 2 3 1 0  2 5 3 ( SKF ) 
Summed I T otals 23  6 9 8 27 3 7 1 4  3 50 j9 1 6  22  3 



TABLE I I . 3 
Reac t ion grade and corre spond ing intactne s s  grade 
acc ordi ng to d o sing o rder number for each paste 
formulations . 

Paste 
T_yJle 

\..B3/ 3 2A 

3 2B 

34A 

3 4B 

Polo x .  
( SKF )  

Do sing order 
number 

React . grade 
I ntac t . " 

1 

B 
G 

A 
E 

B 
G 

A 
F 

B 
F 

Ste e r  

2 3 
B c 
F G 

B B 
F F 

A c 
E F 

A D 
E G 

c A 
F E 

TABLE I I . 4 

GREY Stee r  3 5 3  

4 5 6 1 2 3 4 

c B c B c D B 
G G F H G G F 

c c D c 
G G H F 

A A B B c 
E E G G G 

B A A B c D 
G G E F G G 

A B B A A c 
E F G F F G 

T o t al reac t io n  and intac tness grades  score d  by each 
ste e r  ac co rdi ng to do s ing order number ( all paste 
formulat ions c ombined ) .  

Stee r  GREY Ste e r  35 3 
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5 6 

B 
F 

B B 
E F 

D 
H 

c D 
G H 

c 
G 

Grade Grade t o tals accord ing Grade total s  according 
t o  do s ing order number t o  do sing o rder number 

1 2 3 4 5 6 1 2 3 4 5 6 

Re ac t. A 2 2 1 2 1 2 1 1 
B 3 2 1 1 2 2 2 1 2 2 1 
c 1 2 1 1 2 1 3 2 
D 1 1 2 1 1 

Intact . E 1 2 1 2 2 1 
F 2 3 .2 1 1 1 2 1 1 1 1 
G 2 2 2 2 2 3 3 4 2 
H 1 1 1 1 
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CHAPTER III  A compariso n  of  the Poloxalene dec ay curve s 
in free rume n l iquid  following administration 
of liquid and paste formulations of t he 
deterge nt to  steers . 

------

INTRODUCTION 

The concept o f  incorporat inG anti-bloat de te rgent s 
in paste -like mate rials  i s  to try to  improve the 
e fficacy by slovTing the washout o f  de tereent from the 
rume n .  In Chapter I it was sho -vm that d iffe re nt paste  
formulations had diffe r e nt rate s o f  de tergent rele ase when 
studied in a rume n model . In Chapte r I I , it  vtas shown 
that the se s ame paste s could suffe r c ons iderable 
phys ical disruption during dos ing and that the degre e o f  
intac tness  o f  the paste bolus on arrival in the rumen 
could vary Hidely . Broke n-up boli vTere shown to  di ssolve 
more cru ickly than in tact boli whe n  mildly agitat ed and i t  
was propo sed t hat this could be cr itic al when paste boli 
ive re sub j ected to  rumen mo t il ity . There fore , the e ffe ct s  
o f  di sruption may outwe igh the gains o f  any paste 
formulation . 

From the r e sult s of the · rumen model e xperime nts 
the mo st promi sing paste formulation appeared to  be 
KB3/32B . Ho1vever , it Has not po s sible to study thi s  
fo rmulat ion i n  Vivo be cause o f  lac k  o f  a suitable ass ay 
met hod . A non-specific method was available for 
de te rmining Poloxale ne detergent in rumen fluid . 
Poloxalene paste was there fo re used  as a mo del and an 

experiment was designe d with t hree o bjective s . 

1 )  To e st abli sh and compare the d ete rge nt concentration 
decay c urve s 'of Poloxalene give n as e ithe r  l i qu id 
or paste . 

2 )  To c ompare the se de tergent de cay curve s w·i th t he 
concentration de cay curve o f  the standard rumen 
marker ,  polye thylene glyc ol  4000 ( PEG ) ,  e stabli shed 
in each o f  the steers . 



3 )  T o  compare the de ter8ent decay curve s found in 
vivo with those o btained in the rumen model . 

EXPBRIHENT.AL DE SI GN 

Three treatment s ,  Poloxalene paste (P .P . ) , 
Poloxalene liquid ( P .L . ) , and PEG were administered t o  
thre e  steers housed indoors and fed fre shly cut p asture . 
On any one experiment al d ay ,  one stee r received P .P . , 
one P .L .  and the other PEG . The three tre atme nts were 
administered to t he three steers on a number of 
occasions divided int o two runs , run X and run Y .  
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Tre atme nt s  vre re give n prior to  t he morning feeding 
and o bservations  carried out over the following 24 hour s . 

The general proc edure vTas as follovTs . The rumen 
content s were emptied out of  each ste er into sep arate 
insulated drums , 'tve iehe d ,  mixed and sampled for 
e stimation of the d ry matter percentage . The method 
used was that ac cording to Re id ( 1 96 5 ) .  

The rumen conten t s  of  the two ste ers rec eiving 
the Poloxalene tre atment s vTe re re turne d to the rumen and 
e ach animal do sed . PEG was no t administered to the 
animal but was s imply mixed into the rumen c ontent s o f  
the animal re c e iving this treatment . This was carrie d 
out after the d ry matter s amples had be en t aken . Further 
sample s He re taken after mixing for estima. tion o f  the 
z e ro time PEG c oncentrat io n .  The rume n  c ontent s were 
then returned to the steer . 

The t hre ·e animals were then fed fre sh cut pasture 
( c love r  - ryegrass , 40 : 6 0 )  ad lib . Water was also 
availabl e ad lib . Rec o rds o f  the feed and vrater intakes  
were kept . 

Each steer was then periodically s ampled ove r  2 4  

hours for de te rgent Cl[l PEG analy s i s . 
At t he e nd o f  24 hours , the rumen c ontents we re 

again empt ied from e ach steer ,  we ighed ,  mixed and sampled 
for estimation o f  the dry matter p e rcentage and " agent " 
( Poloxalene or PEG ) c oncentration . 



HATERIALS A.l!D T·lliTilO.OS 

I·iat e r iD.l s 

The paste and liquid I)oloxo.lene formulu.t ions 
s tu d i e d  were tho s e  de scri bed in Table s 1 . 2 and I . 3 .  

PE G is a highly polymerised vmte r soluble marker 
vlhich is ine rt and unabso rbed in the rume n . I t  has bee n  
commonly used t o  study water turnove r  in the rume n 

( Hyd e n , 1 95 5 ) . 

Animals 
The three s t e e r s , A ,  B and C were Jerseys , v1ere 

three ye ars old , had rumen fistu4a,e and vlei[:hed ap.proxim­

ately 400 Kg eac h . 
They. He re bought into the cattle acconmo dation 

seve ral days  prior t o  the expe riment to ac custom them to 
the expr:;rime nt al enviro nment . 

Ad mini strat i o n  o f  the tre atments 
PE G : 200g o f  PE G vlas d i s s olved in 1 . OL o f  \·later 

and mi xed into the ru 1ne n c onten t s  a s  de s cribed . 
Poloxal e ne l i qui d : Do se s ,  rancing from 20 , 5 0 , 

60 , 1 25 to 1 5 0g o f  ac t ive de t e rge n t , were adoini stered in 
a t o tal volume o f  5 00 ml from a l o ng neck bo t tl e . 

Poloxalene p a s t e  : Do s e s  up to 60g of  active 
detergent Here ad mini s t e re d  by the p aste do sing gun 
( Fie .  II . 1 ) .  Do se s  from 60g up to  1 50g were e xpre ssed  
from a modified paste cartridge clo se to  the c ardia by 
e xte ndine an arm through the rumen fistula . 

Sampl i n,n;  me tho d 
'1'/he n sampling from each ste e r ,  seve ral sub-s ample s 

\·Tere t aken from vD.rious regions o f  the rume n . The fluid 
'.v a s  expre ssed into a 1 . OL beaker and the solid material 
re turned to the rumen . The fluid ( sample ) via s  then 

mixed and about 1 OOg poured into a pottle vThich was then 
capped . The remainder  vms returned to the animal . 

The sample s were labelled and placed in an ice  

66  



bath . 

lmalyb.cal me thod s 

( n ) P:W : P.GG in the rumen liquor vrao d e te rmined 

by a modi fic at ion of the turbidime tr ic me thod of Hyden 

us de scribed by Ulyat t ( 1 964 ) .  

( b )  l'olo xalene de terr;ent : It be came appare nt 

during the first run , run X ,  that the me thod o f  de tergent 

analysi s be ing u sed was no t e ffic iently r e cove ring 

I 'olo xetlene from the rumen fluid . An inve s t igation of the 

me thod Has carried out and re sulted in an improved me thod 

1-fhich 1vas used in run Y .  
I n  particul ar , i t  vlas found that the re cove ry o f  

P olo xalene •·ra s highly sensit ive to the degree o f  salt 

saturat ion att ained and this  in turn d e p e nded large l y  
o n  the degree o f  agi t at ion used during the salt ing out 

process . 

Hence , ti-ro me tho ds  o f  Po loxalene analysis were 
used : me thod X in run X etnd me thod Y i n  run Y .  

I n  me thod X ,  the re acents Ferric chloride and 

Ammonium thiocyanate 1vere made up in d istill ed water . I n  

r:1e thod Y ,  they we re mad e  up in saturate d  saline . .Al so , 

vrhe re as shalcing ( agitat ion ) i·m s done by hand in me t hod X ,  
an automati c  flask shaker l·ras used i n  me thod Y .  

Reagents 1 • 

2 .  

3 .  

4 .  

5 .  

6 .  

A£J2aratus 

Sodium chloride R-grad e HaC 1 .. _ 

0 . 33r 1  Barium Hydroxide stored at 4°C 
1 . 00f.1 Z inc sulphat e  " 1 1  1 1  

60�� vl /1-f Ferric chloride 

57>� w/w Ammonium thio cyanate 

1 ,  2 ,  Dichloroe thane 

250m.l s toppered Brlenmeyer flasks 

50rn.l centrifuge t ubes 

Ultra-speed centrifuge ( 3orval SS3 ) .  
3 , 5 , 1 0 , 1 5  and 20m.l pipe tte s .  

Automati c  flask shaker 

Spe c trophotome ter capable of read ing 
at 5 1 5 nm .  
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Pro cedure 

1 • Tbe s ample of  rumen fluid ( 1 OOg ) vras c e ntrifuced at 

1 6 , 00 0  rpm for 1 0  mins . to r emove part icul ate matte r . 

The supernn.tant laye r \'Tas dec anted off  o.nd cooled t o  

0° c in an ice  bath . 

2 .  5 0rr� o f  the cold c larified rumen fluid was 

me asured into a be aker and 1 0ml of  cold barium 

hyd roxide 'tlas added Hi th st irring . 3ml o f  cold z inc 

sulphate Has add e d  in the same fashio n to make a 

final volume- o f  6 3ml .  The mixture Has then 

centrifuced at 1 6 , 00 0  rpm fo r 1 0  mins . 

3 . Up t o  1 5 ml o f  the sup c rnat ant laye r vras I;oured int o 

a mc asurin� cylind e r . De pe ru t i ng on the �olo xale ne 

concentration , this  vo lume was d iluted w ith water to 

o b tain a final c once ntrat ion within the range 25 to 

75 uc/ml . 

4 .  1 0ml o f  the final solut ion ( 25 0 to 75 0ug of 

l)oloxale ne ) was plac ed in an .Grlenmeyer flask u.ncl 
mad e to  a volurae . o f  70:. ll S : in me thod X Hi th d i stilled 

Hater , in oe thod Y Hith s aturated saline . 

5 . 3r.l o f  Ferric chlo ride \vas added and the flask 

brie fly shnke n .  

6 .  1 5 ml o f  ar;1monium thio cyanate vras add ed  and the flask 

br ie fly shake n . 

7 .  � 1aC 1 ·Has added and d i s solved by shaking . In method 

X, 3 0c of NaC 1 vl a s  o.dded , in me thod Y ,  only 4{� 
( be c o.use agents alre ady m.:::.de up in saturated saline ) . 

8 .  20ml o f  -1 , 2 ,  Di chloroe thane v1as added nnd the flask 

vi8o rou sly shalw n . In met lwd X ,  sh c.kinc w a s  d o ne 

by hand for 5 mins . ,  in method Y, the flaslc vras 

shake n for 3 0  mins . on an automati c  flask shaker . 

9 .  Follovrinc; sl1 n.kinc; the flask 1vas allmved to stand 

for 5 mins . The aqueous layer 1-ras then removed 

by aspirat ion and d i s c arded . The o rganic laye r 

Has transferred to a 50ml ce.ntrifuce tube and spun 
I at up to 2000 rpm for 2 mins . to set tle and water 

cloud . 

1 0 .  'l'he .o rcanic laye r was then transferred to a 1 O ml 
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spectrophotome ter tube and its absorbanc e read at 
5 1 5nm against a Poloxalene-free rumen liquor blank . 
The Poloxalene concentration was then dete rmined by 
re fe rence to a calibrat ion graph . The concent ration 
in the original sampl e was c alculated after making 
allowances  f o r  dilutions occurring during sample 
preparation and e xpre s sed as ug of Po loxalene per 
ml of rumen l iquor . 

Standard calibrat ion graphs 
Calibrat ion graphs for Poloxalene detergent and 

PEG were prepared by as saying known concentration o f  t he 
two mate rials in rume n fluid . 

The absorbance value s o btained for the standard 
concentrations are shown in Table III . 1 and plot ted in 
Figs . I I I . 1 and III . 2 .  

Calcul ations 
( a )  PEG concentration : Depending on the expected 

PEG concentration in the rumen fluid , the ass ay procedure 
involved two succe ssive dilutions . These had to be 
accounted fo r whe n  calculating the PEG concentrat ion in 
ug per ml of und i lute d rume n l iquor . 

( b )  Percent age of PEG and l iguid Poloxalene 
re covered at zero time : This calculation could be done 
only fo r the liquid Poloxalene and PEG tre atments in e ac h  
steer . 

The zero t ime PE G conc entration i n  rumen fluid w as 
o btained by analysis  of  the zero t ime rumen liquor sample . 

The zero t ime liquid Poloxalene concent ration 
was o btained by plotting the dete rge nt decay curve s on 
semi-log paper and extrapolating t he curve back t o  zero 
time ( Figs . III . 3 ,  I II . 4,  III .  5 ,  III . 6 ,  III . 7 ,  and 
II I .  8 ) . 

The zero time PEG and liquid Poloxulene concent­
rations were t hen multiplie d by the rumen w at e r  volume 
calculated at zero t ime ( see following ) to give the total 
amount of agent re covered .  This amount was d ivided by 
the dose of ar;en t  and multiplied by 1 00 to give the 
pe rcentage rec overed at zero time . 



( c ) Hurre n dry mutte r percentar':e and r ume n  w ater 
volume : The dry matter percentaee (D . M . % )  of the rumen 
content s was determine d by vTe ighing sample s obtained at 
bailing be fo re ( v1et wei ght ) and after drying for 48 hours 
in an oven ( 9 7°C ;  fan operated ) ,  (dry we ight ) .  The 
figure taken vTas the average o f  the sample s .  

The rumen water volume was then obtained by 
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multiplying the to tal vTe ight of the rume n content s removed 
at bailing by ( 1 00 - D .I-1 .%) . The volume s o btaine d re quired 
corrections for iV'ate r  vThich was added when PDG or liquid 
Po loxalene vTas the tre atment , i . e .  1 . 0L and 5 00 ml 
re spectively to o btain . the corrected t o tal rumen water 
volume at zero time . 

( d ) Tot al -vmt er inflo w and outflo w from t he rumen : 
The water flux was calculate d  by met hod s proposed by 
Reid ( 1 965 ) .  If the rumen water vo lume at t he st art 
and end o f  each e xperiment al run ( V0 and VT re spectively )  
i s known , and the agent co ncentration at tho se t ime s 
( C o  and CT re spec tive ly )  is lmown , then t he ne t vTater 
inflovT to t he rumen ove r the tizm period T c an  be 
c al culat ed us ing the fo rmula be low : -

Inflow ( L .h- 1 ) = Vo - VT x log ( Co/CT ) 
T 

log ( Vo/VT ) 

= Vo VT 
T X ( log Co 

( log Vo - log 

Vo = Rumen water volume at zero time 
VT = " " " " time T 
c = Agent c once-ntration at z e ro t ime 0 
eT = " " " t ime T 
T = Time period of run ( hour s ) 

Outflow ( L . h- 1 ) = Inflow t ( Vo - VT ) 

T 

- log 

VT ) 

CT ) 



Tlu s c al culation was carried out for all PEG 

tre atme nts in runs X and Y and for the liquid Poloxalene 

tre atme nts in run Y .  

The total Hater inflow t o  the rumen i s  made up o f  

e nd otsenous "\'late r  ( mainly water se c re t ed '\<Tith saliva and 

influx across  the rumen epithelium ) , and exoeenous water 

( drinkine wat e r  and wate r  as soc iated with f eed ) .  
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( e ) Exor;enous wate r  infloi'l to the rumen : For eve ry 

fre sh c utting o f  pasture fed to the animals , t he dry mat ter 

perc entage was e st imate d from two sample s . ( 200g _ each )  in 

the manner de scribe d  fo r rume n D . �I . % .  

Using the fe ed D .I-1 . 50  an d  the r ec orded feed intake s ,  

the amount of vTater e ach s teer inge sted in the fe e d  was 

c alc ulated .  T o  this was added drinking wat e r  co nsumed . 

The rate o f  water intake l'las then g ive n  by t he equat ion 

below : -
. - 1  Exogenous water intake r ate ( L .h ) = 

Fee d  intake x (1 1 00-Fee d  D .M ./'o) + wat e r  drunk 
elapsed t ime 

( f )  End ogenous water inflovl to the rumen : This 

-vms calcul ated by subtrac t ing the exogenous water inflow 

fr om the calculated total water inflovT to the rume n . 

This c ould be done for all PEG tre atments in run s X and Y 
and f o r  the li quid Polo xalene tre atment s  in run Y .  

( e )  Ave rar;e d ilut io n  rate of PEG and o f  l iquid 

Po lo xalene : The grad ient of the curve re l at ing agen t  

c once ntrat ion (ug/ml ) with t ime ( h ) , plo tted o n  se mi-log 

paper , is at any time ne gat ive ( Figs . I I I .  3 ,  I I I . 4 ,  
I I I . 5 ,  I I I . 6 ,  I I I . 7 and I I I . 8 ) . By fitting a 

straight l ine by eye to the po ints relat ing c once ntrat ion 

with t ime , an average age nt d ilut ion rate i'las o btained . 

The average dilution rate , D ,  was calculate d from the 

fo rmula : -
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c 1 = agent  c oncen trat ion at t ime t 1 
" " " " 

t 1 and t 2 = t ime in hours 

( h )  C nl culation of D from t he h alf life : It  i s  
convenie nt to read off the half t ime s which i s  when 
0 1 /02 = 2 from the d ilution curve s .  

( 0 1 / D = log e . C 2 ) = 

t 2 - t 1 

log e 2 
tt 

Hence D e qual s : -

tt = t ime taken for aeent c oncentration at c 1 

t o  de cay to  hal f  i t s  value ( c2 ) .  

fu: SULT S 

The initial dose  rate o f  Polo ��alene vTas 20g . 
However , this apparently disapp e ar e d  from the rumen 
at a ve ry fast rate and it could no t be detected in rumen 
fluid after 1 2  hour s . The dose rat e was succ essively 
incre ased to 6 0g and 1 50g in the hope of e xtend ing the 
per iod in v1hich  the de tergent could be de tected but this 
d id not o ccur . 

An inspection o f  the re sult s in run X reve ale d  that 
the the ore tical re coVB ries of Pol oxulene were poor 
( 9 - · 26% ) . This sugge sted that the me thod might be at 
fault and fo llowing an i nve stigation it was improved . 
In t he second run ,  run Y ,  treatme nt s were carried out with 
50g and 1 25 g  do ses and the re c overie s  of detergent were 
increased to 60 - 70% . 

The re sults obtained in both runs are give n f o r . 
each steer as agent c onc entrat ion ver sus elapsed time in 
Table III . 2 .  They are als o  plot ted in Figs . III . 3 ,  
III . 4 ,  III . 5 , III . 6 ,  III . 7 and III .  8 .  



No o bvious d ifferenc e s  vTere not ed be twe en the 

dete rge nt de cay curve s o f  Poloxalene paste ( P . P . ) or 

liquid ( P .L . )  in any o f  the steers in run X .  Howeve r ,  
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using the more sensi tive Poloxalene as s ay in run Y ,  an 

init ial build up pe riod was evident in whic h the d etergent 

c onc entration incre ased in the rumen as it was re le ased 

from the paste ( Fies . I I I . 4 ,  I I I . 6 and I I I . 8 ) . 
The Poloxalene paste formulat io n did not appear 

to slovT the washout of de t ergent fr om t he ru.IIE n by more 

than 1 -t  to 2 holirs in c ompariso n with t he 1 iquid Poloxalene . 

Re c overy of PEG and P .L .  at zero time , expre s sed as a 

p e rcentage of the do se administered , i s  shown in T able 

I II . 3 .  

T able I I I . 3 shows the marked improve me nt o f  

re cove ry of Poloxalene in run Y foll owing use o f  the 

mo re sensitive Po loxalene as say method . 

The recove ry o f  PEG was cons istently high in 

both runs . 

The ave raee aee nt dilution rates de te rmined fo r all 

expe riment s are give n in T able II I .  4 ,  along with e ac h  

steer ' s  exogenous water intake over the first 1 0- 1 2 

hours o f  the run . 

The ave rage agen t d ilut ion rate i s  plot t ed against the 

exo ge nous vmter int ake fo r each tre atment during t1ie · first 

1 0  - 1 2  hours aft e r  admini stration in Fig . I I I � 9. 

Ge ne rally , a trend o f  incre asing dilut ion rate 

vT i th incre asing hourly e xogenous wate r intake was se en 

( Fig . I I I . 9 ) .  

Calculation o f  the t o tal vrate r inflow to the 

rumen showed a marked incre ase for Poloxalene . Howeve r , 

the exogenous water intake s for PEG and Poloxale ne ivere 

similar in run Y .  There fo re , t he incre ase in the total 

water inflow in as s ociation with Poloxalene tre atme nt s  

was due to an incr e ase i n  the endogenous water ±nfl6w . 



The endogenous 1-m.ter inflow t o  the rumen and the 
hourly feed  dry mat ter intake s of each s teer ove r  24 
hours n.re shown in Table III . 5 for all PEG tre atments 
in runs X and Y and for the Po loxalene treatments in run 

Y .  The hourly tot al water inflow is al so show n . 
The data in Table III . 5 i s  plotted in  

Fig . I I I . 1 0  as endogenous w ater inflow ver sus feed  
dry mat ter intake . 

Fig . I I I . 1 0  shows a marked incre ase in the 
endogenous water inflow rate when the treatment was 1 25g 
of liquid Poloxalene (upper two Polo1�lene symbols , Fig . 
III . 1 O)  • •  The lower Poloxalene symbol in Fig .  I I I . 1 0  
repre sent s  the 5 0g liquid Poloxalene d o se to ste e r  c .  

In this c ase , the e ndoge nous water inflow i s  s imilar to 
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the highe st rate of i nflow following administ ratio n  o f  PEG .  

DI SCUSSION 

The }1ethod 
Analytical limitat ions : The method was basically 

unsatisfac tory for seve ral re asons : -
1 • It was non-s p ec ific 
2 .  I t  11as hiehly depend ent on a salt ing out pro ce ss 

which \vas difficult to  s t andardise . 
3 .  The concentr ation range over which the method 

could be used with any c onfidence -vms limited . 
4 .  Interference s occurred when handling volume s o f  

gre ater than 1 5ml o f  undilut ed rumen fluid . A 
re d scum formed whic h d iscoloured the organic laye r 
making it impo ssible to o btain use ful absorbanc e 
re ad ings . 

5 .  I t  c ould not be used  t o  analyse the rumen particulate 
mat t e r  for deterge nt . 

A full de t e rmination o f  the distribut io n  of  t he 
detergent  would r e quire be tter  metho ds than were available 
during t his  inve stigat ion . 

The improved Poloxale ne analytic al metho d  Y 
recovered 60-70% o f  the Poloxalene d o se at zero t ime 
( Table III . 3 ) .  The remaining 30-40% could h ave be en : 
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1 )  Bind ing to s ite s on the parti culate matter and 

there fo re removed dur ing the initial c entrifugat ion 

of the sample . 

2 )  Lo st dur ing the pro tei n pre c ipitat ion step o f  the 

an alyt i c al method. 

3 )  Pre sent in the rumen fluid fract ion but no t de t e c ted 

be cause t he d egre e  o f  sen s it ivity of the analyt ical 

me thod was not high enough . 

If  for example 30;� of the Poloxale ne do se vTas 

bound to p art i culate mat ter , it c ould be an import ant 

factor affect ing det e rgent concentration in rumen liquid . 

Absenc e of  sati sfactory chemical method s o f  

de te rge nt analysis in rumen f luid limit s furthe r i nve st­

igat ion o f  t he kind de sc ribed here . 

Some o f  the se pro ble ms might we ll be overcome 

by using iso topic ally labelled de tergent s .  

Re sults 

De spite the de fi c i enc ie s  of the Poloxalene assay 

metl1od s ,  all the Polo xalene d e c ay curve s shovTe d a s imilar 

pat tern wi thin e ach run ( Figs . I I I .  3 ,  III . 4 ,  I I I . 5 ,  

I I I . 6 ,  I I I . 7 and I I I . 8 ) . Ne i the r the Poloxalene paste 

nor l iquid appeared t o  de cay at a slo�Ve r rate than the p..c;G . 
Ho syst er.18.ti c var iat ion in the d ec ay c urve s  other t han 

what c ould normally be  expe c ted due t o  day t o  d ay var iQtion 

\vithin an a nimal , Has observed . 

The improved sen si tivity o f  Poloxale ne assay me thod 

Y showed a period o f  concentrat ion build -up in
. 

the rume n 

fo r  de te rgent release d from the pas te ( Figs . II I .  4 ,  I I I . 6 ,  

and III . 8 ) . This p eriod may l e ave animals at the risk o f  

bloat unt il a n  e ffective detergent conc entration is 

re ache d in the rumen . 

Fig . I I I . 4 ,  and I II . 8 show that the decay o f  

de tergent re leased from the pas t e  in the rumen o f  s te e rs 

A and C ,  lagge d be hind the d e c ay o f  the liquid Poloxalene 

deterge nt by 1 t to 2 hours . This ivas not the case in 
Steer B ( Fig . I I I . 6 ) .  The appare nt faste r r ate o f  

washout for detergent re leased from paste in steer B ,  run 

Y ,  could be re lated to the manne r  of administration of the 



pnste t o  th is animal . Whe re a� in s t e e r s  A and C the 

large r do s e s  ( 1 25g ) we re depo sited at t he c ard i a  in a 

s inele blo c k ,  the 5 0g given to B was admi nis t e red by 

mout h using t he paste do sing gun .  T he gun had to be 

o pe rat e d  seve ral t ime s to de live r t h at do se re s ult ing in 

a s e ri e s  of s mall boli reaching t he rumen . This broke n  

up d o  s e  .vlould pr e s e nt a gre ater surfac e are a pe r unit 

we ight of paste to the rume n fluid and vrould be e xpe cted 

to allow faste r  d iffusion of dete rgen t . 

Generally , the aver age agent d ilut ion rate was 

found to incr e ase as t he rat e  of e xogenous water int ake 

increased ( Fig . I l l . 9 ) . The average dilut ion rat e  of 

all tre atment s in run Y we re higher than in run X 

( T able II I .  4 )  and c o rre spondingly t h e  wate r int ak e s  

as soc iated with t h e  fe ed were higher . Thi s may be 

explaine d by the fac t t hat the p as ture fed to  the steers 

in  run X had be e n  k e pt fre e of graz ing for some months 

ove r t he wint e r  ( i . e .  Autumn save d p asture ). . By 

c ontrast , t he p as ture fed to  the animals in run Y was 
4 we e k s  o ld re -gr owth and appe ar e d  t o  be mo re p al atable 

and the an imal s a te mo re . 

liTany of t he conc entration d e c ay curve s in Fic;s . 

Ill . 3 ,  II I . 4 ,  I l l . 5 ,  I l l . 6 ,  I I I . 7 and I I I . 8 sho wed 

a more rapid de c ay ( d ilut i o n  rate ) dur ing the firs t  6 

hours o f  the run than at any o ther t ime .  I t  was als o  

the pe riod when the s t e e r s  at e hungrily . 

As the rate o f  dry mat t e r  intake incre ased , t here 

was gen erally an incre ase in the e nd o ge nous water inf low 
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to . the rume n fo r each s t eer ( T able I I I .  5 ,  Fig . I I I . 1 0 ) 

pro bably due t o  an a s s oc i at e d  incre ase in t he salivary flow . 

The mo st no tice able fe ature was that the 

e ndogenous wat e r  inflow in cre ased by more than 5 0% when 

the t re atment was 1 25g o f  Poloxale ne liquid . This 

incre ase did no t appear t o  oc cur whe n  the tre atme nt wa s 

50g o f  Polo xalene liquid sugge sting t hat above a c ertain 

d o se o f  Poloxale ne , the end ogenou s water inflow to the 

rumen i s  influe nc e d . The effe c t  o f  this would be t o  

incre ase the ave rage dilution rate o f  the liqu id Polox ale ne . 
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Althoueh. the s ame calculat ions canno t be done for 

the Poloxalene pas te in run Y ,  t he re is no re ason t o  

suppo se that t he same events did not occur . This 

po s s i bility is supporte d  by the fac t that the averac;e 

dilution rat e s  of the Poloxale ne paste and liquid in run 

Y we re ve ry similar fo r the thre e  steers ( Table I I I . 4 ) . 
The st andard dose of Poloxalene fo r bloat c ontrol 

in g raz ing c at tle i s  1 0-20g and it would se e m  unlike ly 

that the effe c t s  on end ogenous water inf low se en here 

with hic;h do se s \vould o ccur in the fi eld . 

In these experime nt s  it was found that the : -

1 )  Poloxolene past e formulation , KB6/ 1 6 , did not slow 

the washout of deterge nt fro m the rumen . 

2 )  Dilutio n rates  o f  Poloxalene paste , liquid and PEG 

we re similar within e ach s te er in run Y .  

3 )  Dilution rates  o f  hieh d o se s  of Poloxalene liquid 

and pro bably paste , we re influenced by a l arge 

incre ase in the e ndoge nous water inf low to  the 

rumen . 

The se re sult s have a direct be aring on the 

validity of the rume n model as a te sting system . 

C omp ari so n  o f  the in vi vo Poloxalene de t e rge nt de c ay 

curve s in run Y ( Fig . I I I . 4 ,  I I I . 6 and I I I . 8 )  wi th 

the in vitro Poloxale ne decay curve s ( Fig . I .  6 ) shows an 
obvious similarity in shap e . T hat is , in both in vivo and 

in vi tro , the paste failed to slow the i·mshout · o f  

de t e rgent . Although t his evidence is ve ry l imited , it 

would sugge st that the rume n model could well be a use ful 

screening syste m .  However , the rume n mod e l  i s  l imited 

to the extent that if the role of  particul ate matter and 

e ndogenous water inflow t o  the rumen are impo rtant in 

detergent d ilut ion in the rume n ,  then the mod e l  w on ' t  

po int this up . 

Neve rthe le ss , at t his s iiage , it i-Tould seem that 

the in vitro system warrants further study and deve lopment . 
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Summary 

1 .  The d ete rgent de cay curve s of a Poloxale ne paste and 
liquid , and the concen tration decay curve s o f  PEG 4000 
were establi shed in thre e steers with rumen f istulae . 

2 .  The paste formulat ion was found t o  slow the washout o f  
det e rge nt from the rume n by only 1 t  to 2 hours over the 
liquid Poloxale ne control . 

3 .  H igh d o se s  o f  Poloxale ne liquid were found to markedly 
incre ase t he endo genous water inflow to the ruiiB n and 
there by incre ase the ave raee de tergent d ilut ion rate . 
The same appeared likely t o  occur with l arge do se s 
of Po lo�alene paste . 

4 .  The in vivo detergent decay curve s e stabli shed in 

run Y of the experime nt we re similar in shape to t ho se 
o bt aine d for the same materials in the rumen mode l  
e xperime nt s  de scr ibe d  i n  Chapte r I .  However , no 
firm conc lus ions can be drawn as to how c lo sel y the 
rumen model conditions correlated  vli th t hose in vivo . 

5 . The conclusion  is  that the Poloxalene paste fo rmulation 
KB6 /1 6 is unlikely t o  offer any advantage s o ver the 
liquid formulat ion i n  terms o f  reducing t�e do s ing 
fre quenc y .  
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TABLE III . 1 

The absorbance value s o f  standard PEG and Poloxalene 
concentrat ion . 

ug PEG Absorbance at 525mu 

Run X Run ya 

7 5  0 . 7 5  0 . 6 5  

60 0 . 6 0  0 . 5 3 

40 0 . 3 9  0 . 3 5  

25 0 . 24 0 . 23 

ug Poloxalene Absorbance at 5 1 5mu 

750  1 . oo 
6 00 0 . 84 

400 0 . 54 

1 50 o .  25 

a In the assay procedure for PEG use d in run Y ,  
a new batch o f  Trichloroacetate-Barium chloride 
re aee nt was used . This c ould acc ount for the 
small di ffe renc e s  in the absorbanc e value s 
o btaine d between run X and run Y .  

Calibrat ion graphs for t he se data are shown in 
Figs . II I . 1 and I I I . 2 .  
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T ll.D1;.:; I I I . 2 
LS ::::s:.m··r 

Conce ntration o f  uGe n t  at ui ffe re nt t �nc s after 
tre c.ttr.-:e nt . 

F' . 1 . = P o l o x alene l iquid , 11 . P . = Poloxale ne paste 
P� G = l'o lyc thylc :"e clyco l  4000 . 

Stee r  nun Tre atrnc nt Elap sed t ime (h ) ( t )  
Age nt c onc entr�tion (uc .ml )  ( c )  

A X P . J' .  20g 1 • 5 3 . 3 6 . 3 1 2 . 3  ( t ) 
1 20 1 05 68 4 1  (c ) 

p . L  • 2oe 1 . 7 5  3 . 0 6 . 0 1 2 .  0 � � � 1 03 82 6 9  42 ' 

p . 1 . 20{; 1 . 7 5  3 . 5  6 . 5 1 2 .  25 ( t )  
87 76 _2_8 _l3_ (c ) 

p . L . 6 0e 2 . 0 4 . 0  7 . 0 1 o . o ( t )  
299 1 72 63 47 (c )  

F . L . 1 5 0g 1 . 0 3 . 25  7 . 5 1 2 .  25 � � r 1 1 6 0 96 2 43 1 1 7 2 
P.·: G 200g 0 2 . 0 3 . 5 6 . 5  1 2 . 5 2 4 . 5 ( t )  

9 1 2 0 , 6 5 40 , � 6 80 , 276 0 , 975 , 1 5 0 , ( c )  
P.::: G 200g 0 2 . 0  4 . 5 8 . 5 1 1 . 7 5 1 4 . 5  240 ( t )  

6 7 2 0 , 4800 , 3 3 50 , 25 92 , 1 6 80 , 91 8, 52 5 ( c )  
y PE G 200g 0 1 • 25 ) . 0 6 • 0 9 . 0 1 1  • 5 23 . 5 ( t )  

7 1 00 , 4900 , 3 0 5 0 , 2260 , 1 03 2 , 73 2 , 1 44 ( c ) 
p .L . 1 25g 1 • 2 5  3 . 0 6 .  0 1 0 .  5 1 4 .  5 23 • 5 ( t ) 

1 86 5 , 1 1 2 9 , 4 9 9 , 1 99 , 83 , 1 5  ( c )  
P . P .  1 2 5g 1 . 2 5  3 . 0 6 . 0 9 . 0 1 3 . 0 2 3 . 0  ( t )  

1 6 2 5 , 1 46 3 , 7 26 , 446 , 1 75 , 1 6  ( c )  
B X P . P .  20g 1 . 75 3 . 0 6 . 0 1 2 . 0 ( t ) 

95 6 1  47 1 28 _(c) 
P . P .  6 0g 2 . 2 5  3 . 75 6 . 2 5  1 2 . 25 ( t) . 

1 64 1 2 2  1 0 2 63  ( c ) 
P . P .  1 5 0g 1 . 0 3 . 25 7 . 5  1 2 . 25 23 . 7 5 ( t � 

1374 1 046 743 365 _26 (c 
11 . L . 20g 1 • 75 3 . 25 6 . 25 1 1  . 75  ( t )  

1 2 3 98 5 9  38 . (c ) 
P . L .  G Og 2 . 0  4 . 0  7 . 0  1 0 . 0 ( t ) 

1 7 1  1 35 90 6 1  _(c) 
P . L .  1 50g 2 . 0 4 . 5 8 . 5  1 1  • 75 1 4 . 5 240 ( t) 

76 8 36 1 300 2 27 1 7 1  5 2  (c ) 
PEG 200g 0 1 . 5 6 . 2 5 1 2 . 25 23 . 75 ( t ) 

76 20, 441 0, 1 5 90,5 70, 1 37 ( c ) 
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T j. BLE I I I . 2 ( c o nt ' d . ) . 

B X PB G 200g 0 1 . 75 3 . 5 6 . 5 1 2 . 25 24 . 0  ( t ) 
6 1 80, 3 200, 2440 , 1 400, 700, 1 1 0 , ( c ) 

y PE G 200g 0 1 . 5 3 . 2 5  6 . 25 1 0 . 75 23 . 75 ( t ) 
5 900 , 3 500 , 2 5 7 5 , 1 6 40 , 6 80 , 1 28 ( c ) 

P . L .  1 25c; 1 • 2 5  3 .  0 6 . 0 9 . 0 1 3 . 0 23 . 25 ( t ) 
1 6 07 , 92 1 ,52 2 , 340  1 32, 1 4 (c ) 

a .  P . r .  50g 1 • 25 3 .  0 6 . 0 9 .  0 1 1  . 5 2 3  . 5 ( t ) 
9 7 5 , 930 , 3 40 , 1 82 '  1 2 2 ( c )  

c X P . P .  20g 1 .  25 2 . 75 5 . 75  1 1  0 25  ( t ) 
.-

9 0  67  42  38 ( c ) 
P . r .  60c; 2 . 25 3 . 75 6 . 2 5  1 2 . 25 . ( t ) 

284 240 1 4 2 7 1  ( c ) 

P . P .  1 5 0g 1 • 7 5  4 . 25 8 . 2 5  1 1 . 5 1 4 . 2 5 2 4 . 0  ( t ) 
1 1 08 8 1 8 545 384 286 59 ( c ) 

l' . 1 . 20e; 1 • 5 3 . 0 6 . 0 1 1  • 5 ( t ) 
1 3 1  1 0 1  63 38 (c ) 

I' . L  • 6 0c 1 • 5 3 . 5 8 . 5  1 0 .  5 ( t ) 
2 20 1 6 7 9 5  5 2  ( c ) 

p .� G  200e; 0 1 • 75 ) . 0 6 . 0 1 2 . 0  2 4 . 0  ( t ) 
849 0 , 5 4 45 , 47 9 2 , 1 740 , 6 00 , 1 3 0 ( c ) 

PJ� G 200e; 0 1 . 25 3 . 5  7 . 75 1 2 . 5  2 4 . 25 ( t � 
6 1 80 , 5 409 , 36 1 8 , 1 6 20 , 7G0 , 1 08 ( c 

y PE G 2ooc 0 1 . 5 3 . 2 5  6 . 25 9 . 2 5 1 3 25 23.5 {t)  
G 800 , 4 500 , � 5 5 0 , 1 6 00 , 6 00 , 3 20 , 7 2  ( c ) 

b .  I' . L .  50g 1 • 2 5  3 . 0 6 . 0 9 . 0  1 1  • 5 ( t ) 
1 9 2 2 , 1 040 , 5 1 0 ,  2 1 7 ,  2 0 2  ( c ) 

P . P .  1 25g 1 • 2 5  3 . 0 6 . 0 1 0 . 5  1 4 . 5  23 . 5  ( t ) 
1 4 9 2 , 1 5 6 2 ,  7 1 4 ,  340 , 1 75 ,  3 1  ( c ) l 

a .  The c onc e ntrat ion value s o bt ained for s te e r  B ,  run Y ,  
fo r the 5 0g pas t e  d o  se , 'i·Te re mul t ipl iecl by 2 .  5 t o  be 
c omp ::.:.rable Hi th the 1 25g pas t e  d o s e s  (S iVen t o  s t e e r s  
L and C i n  run Y. 

b .  The c onc e ntrat ion vclue s o bt ained fo r s t e e r  C ,  run Y ,  
fo r the 5 0c Polo xale ne l i quid <l o se , we re mul t iplied 
by 2 . 5  to be c o mparable with the 1 25g l i quid d o se s 
g iven t o  s te e r s  A and B in run Y .  
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Run 

X 
i 
: 

y 

T ABLE I I I .  3 

Pe rcentage of PEG and Poloxalene liquid 
( P . L . ) re c overed at z e ro time . 

Steer Treatme nt Percent Re covered 

A p . 1 . 20g 1 5 . 20 
p . L . 20g 1 3 . 50 
p . L . 60g 1 8 .  1 7  
p . L . 1 5 0g 22 . 55 
PEG 200g 9 9 . 83  
PEG 200g 97 . 4 2  

B p . L . 20g 1 6 . 2 5 
P > L .  6 0g 9 . 49 
P . L .  1 5 0g 26 . 30 
PEG 200g 1 05 . 6 4  
PEG 200g 95 . 7 9 

c P . L .  20g 2 2 . 98 
P . L .  60g 1 4 . 43 
PEG 200g 1 0 1 . 5 7 
PEG 200g 96 . 02 

A p .L . 1 25g 6 5 . 8 1  
PEG 200g 1 0 1 . 6 3  

B P . L .  1 2 5g 7 1 . 28 
PEG 200g 1 08 . 26 

c P .L .  5 0g 6 0 . 77 
PEG 200g 1 1 2 .  98  
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Run 

X 

y 

TABLE I I I . 4 

Ave raee agent dilution r ate and the e xogenous 
\'Tate r  intake of each  steer durine the first  
1 0-1  2 hours follovTine e ach treatment . 

Steer Treatment Ave rage Exogenous 
Dilution 

rate �� h - 1 
v1ate r  tntake 
L .  h -

A p . P  • 20g 1 0 . 42 2 . 80 
P . L .  20e 1 0 . 5 0 2 . 40 
P . L .  20g 9 . 2 4 1 • 95 
P . L .  60g 2 2 . 00 1 . 9 7  
P . L .  1 50g 1 6 . 5 0 2 . 43 
PE G 200g 1 6 . 96 1 0 34 
PEG 20 0g 1 3 o 20 2 . 00 

B P . P .  20g 1 3 . 86 1 • 8 1  
P . P .  6 0g 8 o 94 3 o 6 5  
P . P o  1 5 0c 1 0 . 42 1 0 78 
P . L .  20g 1 3 . 07 1 0 33 
r . L o 60g 1 3 o 20 2 . 43 
I' . L o  1 5 0g 9 . 76  1 0 36 
PEG 200g 1 6  0 90 1 . 6 7  
PEG 200g 1 6 o 3 7 2 . 1 5 

c P . P o  20g 1 6  o 1  2 2 . 6 1  
p . P  • 6 0g 1 4 .  1 5  3 o 7 2  
P . P o  1 50g 1 2 . 05 2 0 1 6  
P o L o  20g 1 3 o 07 3 o 48 
P o L o 6 0g 1 4  0 7 5  3 o 05 
PEG 200g 1 8 . 48 3 . oo · 
FEG 200g 1 6 . 96 2 o 5 4 

A P . P o  1 2 5g 2 1  . 6 6  2 o 40 
P o L o  1 2 5g 22 . 3 6  3 . 1 0 
PEG 200g 1 7 . 33 3 o 90 

B P . P . 50g 23 . 1 1  4 . 66 
P o L o 1 25g 20 . 6 9  3 o 78 
PEG 200g 1 8 o 9 9  3 o 27 

c P . P .  1 25g 1 9 .86 3 . 27 
P .L o  50g 2 2 . 30 5 o 06 
PEG 200g 2 1  . 33 3 . 80 

93 



TABLE II I .  5 
The t o t al and endoe;enous . 'vater inflow 
rate s and the fe ed dry mat ter intake s o f  
each ste er in all PEG treatment s in runs 
X and Y and in the Poloxalene treatme nts 
in run Y .  

Run Ste e r  Tre atment T ot al Endogenous 
water water inflow 
inflow ( L . h- 1 ) 

( L . h-1 ) 

X A PBG 200g 3 . 1 9  1 • 92 
PE G 200g 3 . 04 1 . 67 

B PEG 200g 3 . 86 2 . 88 
PEG 200g 4 . 90 3 . 20 

c p.c;G 200g 4 . 04 2 . 1 9  
PEG 200g 5 . 06 3 . 1 7  

y A p . 1 . 1 25g 7 . 1 9  5 . 02 
PEG 200g 4 .80 2 .  44 

B P . L .  1 25g 8 . 00 5 .. 71  
P� G 200g 6 .  2 1  3 . 94 

c p . L  • 50g 6 . 28 3 . 49 
PEG 200g 5 . 72 3 - 33 
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D . I·1 . intakJ 
Kg . h- 1  

0 .  1 1  9 
0 . 23 4  
0 . 1 05 
0 . 1 79  
0 . 1 84 
0 . 1 76 

---

0 . 36 5  
0 . 34 1 
0 . 357 
0 . 374 
0 . 4 1 1 
0 . 3 5 9  



CHAPTER 4 
Field trial s  t o  inve stigate the 
e fficacy of ant i-bloat paste s .  

INTRODUCT ION 

During the course o f  this study a number o f  
field trials were carried out . Two farms in the 
Manawatu wi th a history of severe blo at were use d  
( the farm trials ), and a further trial was carried out 
o n  the No . 4 Dairy Unit at the Ruakura Animal Rese arch 
Centre in Hamilton ( the Ruakura trial ) .  

The objec tive s  of the f ield tr ials we re : 

1 )  To de termine whether the bloat contro lling e ffic acy 
of paste formulat ions of detergent was better than 
liquid formulat ions o f  the same active mate rials o 

2 )  To determine whether the effectiveness o f  the paste s 
in t he field was o f  simil ar degree to that predic ted 
from the laboratory inve stigat io ns and 

3 )  To test  and develop te chnique s for conduct ing 
field trial s  on blo at preventive s .  

EXPERIMENTAL DESIGN 

In each farm trial , the expe rimental herd was 
rand omly divided into three groups which received either 
paste o r  liquid d etergent , or remained untre ated as a 
cont rol group . 

In the Ruakura trial , the e xperimental herd was 
divided into four groups . One was an untreated contro l 
group , one received ethoxylate liquid detergent , one 
received ethoxylate paste detergent and the fourth group 
received Poloxalene paste detergent . 

In e ach trial , the groups were ident ified e ither 
by numbers alone o r  by numbers plus coloured ne ck band s . 

The normal farming r· ou t ine cont inued as usual . 
· The animals were appropriat e ly tre ated night 

9 5  

and morning ( farm trials ) o r  at night only ( Ruakura trial ) . 
After tre atme nt , the herd was turned out to  graze 



as usual , but each animal was regularly che cked and 

scored for s i&ns of blo at during the d aylight hours . 

Animals which be came se riously bloated were 

immediate ly treated wi th paraffin o il .  

MATERI ALS AND �lliTHODS 

Mate rial s  

I n  the farm trials , the e thoxylate paste 

K�/34A and an e thoxylate l iquid formulation of the 

paste were tested . 

In the Ruakura trial , the e thoxylate paste 

KB3/32B,  e thoxylate l iquid and Polo xalene pas te 

' KB6/ 1 6 ,  were te sted . 

T he rumen model experiment s had shown that both 

e thoxylate pastes markedly slowed the washout of 

detergent from the model but t hat Poloxalene d id no t 

( see Chapter I . ,  p 25 ) . T he in vivo de tergent decay 

curve s for the Polo xalene pre paratio ns had support ed the 

rumen mod e l  findings ( se e  C hapter I II . ,  p 7 8  ) .  

Appro ximate ly 5 . 0 to 5 . 5g of  active material was 

the do se administered at each tre atment . 

Animals 

In the farm trial s  1 20 milking cows of mixed 

age s and breeds ( Je rse y ,  Frie sian ) made up the three 

experimental group s . 

In the Ruakura trial , 1 2  se ts  of ide nt ic al twin 

cows ( 24 c ows ) of mixed age s and breeds were rand omly 

divided in a four way s plit into the four experimental 

groups . The blo at ing behaviour of e ach o f  the se animals 

was wel l  known , having bee n  defined in earlie r re se arch . 

Dre nching 

A paste do s ing gun ( see p 57 ) was used to 

administer the p aste dose . 

- Liquid deterge nt was given by drenching gun , as 

was paraffin oil ( 28ml ) whe n neces sary . 
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Blo at Scoring System 

The c lassi ficat ion used was as follows : 

St age 0 - The cow was normal 

Stage 1 - Mild blo at with the c ow ' s  left flank d i st e nded 

S t age 2 - Mod erate bloat with the le ft and right flanks 
d i stended 

Stage 3 - Flanks t iehtly d istended , the animal not 
e at ing but only mildly distressed 

S t age 4 - Severe blo at with the animal in marked dis tres s  

S t age 5 - The animal was de ad 

Blo at Score Re cord ing 

Blo at sc ore s o f  ind ividual animals were re c orded 

on spe c ially prepared score shee t s . The p e rso n o bserving 

the c ows at pas ture e ither rec orded the bloat score s  

himself d ire ctly or re layed them to a reco rder 

us ing a " waJkie-taJkie" rad io telephone syste m .  

had the advantage of be ing able to summon help 

it be came ne ce ssary . 

Pasture 

at b ase , 

The lat te r  

quickly if 

The pasture s encounte red varie d  from lush c lover 

ryegrass sward s with an average o f  50-70% clove r  i n  the 

farm tri al s , to pastu re s  at Ruakura containing 85 -95% 
c love r .  

RE SULT S - DI SCUSSION 

The Ruakura trial was the only tr ial in which 

substantial blo at o c curred . However , the c hallenge was 

relat ivel y  light and o ccurred on only three succ e s s ive 

d ays so that insufficient data fo r statistical analysi s 

was accumulated • 

In o ne farm trial , one d ay o f  serious blo at 

occurred o the rwise the bloat c hallenge was insignific ant . 

In one o ther farm trial , one cow und e r  paste tre atment 

died of blo at during the night . However , be c ause o f  

the c i rcumstance s in this trial ,  the fariOO r himself had 

to drench the c ow s . The re ason was that there we.re no 

drenching facilities separat e from the actual mil�ng 

are a and unle s s  the farme r himself d id the drenching , 
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the cows be c ame very upse t by s trangers in the shed . 

I t  is  po ssible there fore that this particular cow did 

no t rece ive her treatment with the paste fo rmulation 

KB3/34A . 
The t o tal of the bloat s core s recorded at two 

h ours post milking per group per d ay in the Ruakur a tr ial 

i s  shown in the .Table I V .  1 • Light to moderate blo at 

o ccurre d on three suc cessive d ays o nly . T reatments were 

adminis tered in the e vening ( 3 . 3 0pm )  and the only group 

t o  record blo at within 2 hours o f  re turning t o  pasture 

was the control group . Henc e , it appeared th at 

e thoxylat e p aste ( KB3 /32B ) , e thoxylat e liquid , and 

Polo xalene paste (KB6 / 1 6 ) ,  prevent ed bloat for a t . 

l east two hours po st t reatment . On the thre e foll owing 

mo rning s when moderate blo at again o ccurred in the 

control group ( appro x .  1 8  hours po st treat ment ) ,  the 

group under KB3/32B  tre atment c onsistentl y  re corded the 

least amount of blo at . Etho xylate liquid and Poloxalene 

p aste we re always similar to e ach o ther and re co rded more 

bloat than KB3/32B.  
Thi s may sugge st that t he e thoxylate pas te 

formulat ion was still ac tive in sp ite of the ve ry low do se 

rate ( 5 . 0 to 5 . 5g act ive ) .  The usual d o se rat e  o f  

detergent s i s  around 7 . 5g o f  ac tive ingredient . 

Unfortunately the blo at was no t severe e nough 

and i t  d id no t continue long enough to provide any 

c onclusive evidence as to the efficacy of K�/3 2B.  
The re ason the bloat challenge at Ruakura was 

re lat ively light was that the fie ld trial had t o  be 

undertake n in con junction with o ther blo at work . 

Consequently , the trial c ould no t get under way unt il 

late Oct o be r  by which t ime c ond itions conduc ive t o  

blo at had passed . 

The almo st c omplete absence of blo at in the 

farm trial s  may be e xplained by e xtraordinary c limatic 

c ond it io n s  experienced in the autumn and spring of 1 976 

in the ·Manawatu . · The we ather was unusually we t and 

cold and the lush pasture growth normally seen at this 

time o f year did no t appear . 
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Criti c i sm o f  the paste do sing gun was evident 

from comment s o f  the farm owners and the expe rie nc ed 

live stock staff at Ruakura .  Pro blems of the gun 

included : 

1 ) Oozing o f  paste from the no zzle which was estimated 

to cause about 25-30% o f  the p aste in the cartridge 

to be wasted 

2 )  The straight no zzle of the gun re sulted in d ifficulty 

in delivering the paste do se to the back of the 

cow ' s throat to reduce chewing . It  me ant the 

animals had to be d o sed from the fr ont of the 

mouth rather than from the " corner"  as is po ssible 

with a curved noz zl e . 

It was ge nerally agreed that farmers would be 

reluc tant to ac cept the present paste do sing gun as a 

mean s  of ad ministe ring p aste to c attle . 

The lack of sufficient blo at amongst control 

animals preve nted definitive data be ing obtained re garding : 

1 )  The usefulne s s  o f  the rumen model as a scree ning 

sys tem for anti-bloat paste s  

2 )  The blo at controll ing effic acy of ant i-bloat 

paste s . 

The rumen model had shown that the two e tho xylate 

paste formulations (KB3/34A and K B3 /32B ) slowed the 

washout of detergent quite markedly ( Chapte r I . ,  p 3 4  ) .  
Had it been possible t o  prove c onclusively that 

KB3 /32B nee ded to be ad ministered to cattle only onc e  a 

d ay to reliably preve nt blo at , then this would have give n  

support t o  the validity o f  the rumen model as a scre ening 

system for new. paste fo rmulat ions . 

In all , much valuable e xperie nce was gained in 

designing and implementing blo at fie ld trial s . T he 

more important requirement s  for satisfactory fie ld trials 

we re found to includ e : 

1 )  Se le c t ion of a farm with a history of serious blo at , 

and a farmer who i s  genuinly intere sted in the trial . 

2 )  A strong re liable drenching race at t he c ow shed but 

separat e  from the ac tual milking area .  
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3 )  A workable transport able drenching race for 

treatment of seriously blo ated animals in the 

paddo c k .  

4 )  A "walkie-talkie " radio te lephone system for use 

in wet we ather and to summon help in emergency . 

5 )  Suffic ient personnel to cope w ith any emergency . 

6 )  An easily re c ognis able system o f  identifying 

animals and tre atment groups . 

A good working re lat ionship with the farme r i s  

e s sent ial to the smo o th running o f  the trial . The 

nec e ssity for a separate drenc hing race at the c owshed 

i s t o  allo1v the normal milking routine to continue without 

interfe rence from strangers wh ich could lead to a 

reduction in t he quantity of milk obtained . A 
t ransportable dre nc hing race may p revent the nece s sity o f  

removing the whole herd from the pasture , t o  the cowshed , 

if  an emergenc y ari se s .  A go od animal identific ation 

system is e s sential t o  make blo at scoring of individual 

animals easier . 

It  is  concluded that further field t rials are 

nec e s sary t o  te st the paste ' s  bloat controll ing effic acy . 

Howeve r ,  fo r gre ate st value , the approach attempte d here 

should be repeated and improved upon . Thus the mate rials 

selected for fie ld te s t ing should be selec ted on t he 

basis of an in vi tro test  ( rumen mod el ) and establi shed, 

accurate, in vivo dilut ion curve s . The re sults from such 

a combined appro ach wil l  enable decisions to be made as 

to the mos t  e ffic ient mean s o f  identifying promis ing 

formulat ion s and e stablishing the re ason why they are 

e ffect ive . 

Should the blo at contr oll ing effic acy o f  

ant i-blo at paste s be prove d  gre ate r than liquids , the n 

i t  is likely that an improved me thod of paste administrat­

ion will need to be developed be fo re being accepted by 

farmers . 
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TABLE IV . 1 

T.o tal of th� blo at score s  per group 
per d ay .  t Only the blo at score s  
re c o rded at 2 hours po s t  milking are 
included ) .  

DAY 1 2 3 
GROUP 

Control 1 4  . o  23 . 0  23 . 0  
Ethoxylat e liquid 1 1  • 0 1 7 . 0 8 . 0  
!Ethoxylate paste 7 . 0  1 1  • 0 5 . 5 
Poloxalene pas te 1 2 . 0  1 1  • 5 7 . 5  

1 01 
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23 . 0  
9 . 0  
7 . 0 
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GENE RAL D I SC U S S I O N  AND C ONCLU S I ONS 

The intention of this study waG to inve stigat e  
some fac tors re lati ng to  the blo at-c ontrolling e ffic acy 
of some ant i-blo at p a s t e formula t ions . 

1 02. 

A rumen mod e l  was successful in demonstrat ing 
cle arly , d·ifferen c e s  in the dete rge nt release rate between  
the formulat ions . This f ind ing was important for it 
showed that the re we re diffe rence s in the dis solution 
rate s  of the various formulations and there fore raised 
the pos si bility that some formulat ions might maintain an 
e ffe c t ive level o f  detergent in the rune n liquo r longer 
than o thers . 

The d iffe re nce s in detergent r e lease rate could 
be related to the me thod of  pre parat ion of  the paste and 
to its  physic al prope rt ies o f  melt ing point and consistency . 

In spite o f  providing ·use ful d ata on the 
physic al effects  o f  diffe rence s in formulat ion , the value 
of the rume� model was limited be cause : 

1 )  It was not p o s sible to  simulate rumen mo tility 
and the effe cts  of  that and rumen inge sta movement s 
on the paste . 

2 )  Water had t o  be used as the exchange fluid be cause 
a suitable assay me tho d which w ould operate wit h 
rume n liquor as the medium was not availa�l e . Had 
suc h an assay method be en available , it might have 
be en used t o  de termine the degree  o f  ad sorption of  
detergent o nto particulate matt e r o 

3 ) The rumen model findings could neither be supported 
by in vivo detergent decay curve s because a suit able 
assay me thod was unavailable ,  nor by field trial 
re sult s bec ause the p revalence of bloat was low 
( Chapte r  IV . )  

The d o s ing of  fistulate d  steers with e ach past e  
formulation and the reco ve ry o f  t he swallowed paste bolus 
at t he cardia s howed t hat the degree of physic al 



disruption inflicted on the paste could be severe and 
c ould range wide ly . This was found t o  depend large ly 
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on the reaction of the animal to the do sing pro cedure and 
this in turn was shown t o  vary both within and between 
animals . 

The import ance of this work was that it demonstrated 
that any advant age one paste formulation might have over 
another in terms of  a slower  in vitro det ergent re le ase 
rate , might be lo st be cause of t�e e xtent of phys ical 
break-up it might suffer during administration to  the 
live animal . In t his respect ,  mild agitation o f  
broken-up paste bol i  was shown t o  re sult in a more rapid 
d is solution than the same agitat ion of int act boli . The 
practical signific ance of this f inding c ould be inter­
pre ted if it was shown that the persis tence o f  detergent 
in the rumen , ( and the re by protectio n  against bloat ) ,  was 
de t e rmined by the surfac e area of the p aste do se expo sed 
to rume n liquor on entering the rumen . Unfortunatel y ,  
lack o f  an appropriate analytic al method preve nted thi s  
inve st igat ion be ing carried out . 

The intactness  of the paste bolus ent ering the 
rumen might be inc re ased if  the " sti ffness"  of  the 
formulation were t o  be inc reased . However , thi s c ould 
then le ad to  alte �ations in the rate and degree of 
dete rgent re lease , to pro blems of administratio n ,  and 
pos sibly to  regurgitation of  the paste . 

Be cause animal reaction to d o s ing was found to 
l argely dete rmine the degree of paste bolus intactne s s , 
the culling of fract ious animals from a herd may be 
ne c e s sary to re alise the full po tent i al of anti-blo at 
paste s . 

The use o f  three fistulated steers t o  e stablish 
the in vivo detergent dec ay curves  of Poloxalene 
demonstrated that the pas te formulation (KB6/ 1 6 )  d id no t 
prolong the p e rsistence o f  detergent in the rumen by more 
than 2 hours in c omparis on with a liquid preparat ion of 
the same materials . T he same expe riment showed that 



abnormally high dose s  of Poloxalene c aused a marked 
incre ase in the e ndogenous water  inflow to the rumen 
and there by incre ase d the dilution rate of Poloxalene 
in the rumen .  Pe rhaps the mo st important find ings 
in Chapter 3 were the f ollowing : 

1 )  The in vivo deterge nt dec ay curves for Poloxalene 
were very similar to those pred icted from the 
rumen model . 
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2 )  It  was re ali se d that a detergent analytical method 
ope rable in rumen liquor would markedly advance 
development s in the field of anti-bloat detergent 
pastes . 

3 )  The experime ntal de sign in Chapter  3 was workable 
and with minor improveme nt s would be an excelle nt 
model to 1·10 rk from in the future . 

The s e  vera 1 fie ld trials und e rt aken we re 
di sappo int ing in te rms of the re sult s o btained but they 
provide d  valuable e xperie nce  and c onfirmed that the 
general e xperime nt al de s ign and day to  day ope rat ional 
me thod s we re appropriate . There was some sugge stion 
that one of the e thoxylate p aste fo rmulations , �/32B ,  
d id provide extend ed pro te c t ion against bloat , even 
when admini stere d at a very low do se r ate . 

I f  this could be prove n  conc lusively , then it 
would give furthe r suppo rt t o  the in vitro findings 
which showed KB3/ 3 2B to be supe rior  in te rms of the 
persistence o f  deterge nt in the rumen model . 

It i s  conc luded that : 

1 )  Ant i-bloat paste s  c an  be formulated with di ffering 
re le ase rate s .  

2 )  The physical break up that can o ccur as a re sult 
o f  animal re action at the time of  administratio n ,  
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may nULli£y any fo rmulatory advantage of one product 
over another which otherwise would produce a 
super ior d ete rgent re lease rate . 

3 )  The deve lopment of a suitable de tergent analytic al 
me thod for use on rume n  liquor , would allow rapid 
progre ss to be made in the development o f  anti-bloat 
pns te s .  \Vithout such an as say method , the 
inve st igat ion o f  anti-bloat paste s is re stricted to 
fie ld trials which have be en s hown to  be expensive 
and unpredictable in terms o f  the bloat challenge . 

4 )  Fie ld tri als w ill not p rovide answe rs to the 
fundamental que stion o f  why certain fo rmulations o f  
ant i-bloat pastes will or will no t influence the 
persistence of de tergent in the rumen .  

5 )  Further progre ss in deve loping ant i-bloat paste s 
might be appr oache d o n  eithe r  a systemat ic produc t 
selec tion or an ad hoc basis . Difficultie s associated 
wi th field work suGge st that promising paste 
formulat ions should first be screened in some way 
and the be st te sted further . 

Provided an assay system for detecting deterge nt 
in rume n liquor c an  be sati sfactorily deve lope d ,  in vivo 
deterge nt pe rsistence after o ral dosing of p aste 
formulat ions will give an indicat io n of those formulatio ns 
which are likely to offer practic al advantage s ove� 
liquid preparat io n s . Such an as say system in operatio n  
vmuld allow selection of paste formulations that provid ed 
pe rsist ent levels  of de terge nt in rumen l iquor . The 
assay method vlould also allow each new paste formulation 
to be t ested in the rumen mod el , using rume n liquor as 
the exchange fluid . 

On the basis of  the perfo rmanc e of e ach 
formulation in the rumen model and it s in vivo de tergent 
dec ay curve s e stablished in rume n fistulated cattle , only 
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the mo st promising products would be worth taking forward 
to te st ing in the field . Hopefully , a product  could be 
found whic h nece ssit ated no more than once daily 
administration to c att le . Such a produc t if found to be 
safe and e ffe ctive in other re spect s ,  would be a great 
l abour s aving inve ntion for dairy farmers and would help 
lift the p reductio n  of an industry vi tal to New Ze aland . 



BIBLIOGRAPHY 

Andrews , E .D .  1 97 1  : Co balt defic iency in sheep and 
cattle , N . Z . D ept . Agri�. Bull . No . 1 80 

Ayre -Smi th ,  R . A .  1 97 1  : Pasture blo at in cattle , Aust . 
v·e t . J .  47 : 1 6 2-1 6 9 .  

--

Barr , D . A .  and A . M .  Day , 1 977 : The control o f  bloat with 
T e r  ic-medic at ed blo cks , N . Z . v et .  J .  25 : 
253-254 . 

Bartley , E .E .  and R .M .  Meye r 1 968 : Feedlot bloat 
preve ntion wi th Poloxalene : J ,  Anim . Sci . 
26 : 9 1 3 .  

1 07 

Clarke , R . T . J .  1 96 5 a  : Fluc tuat ions in the number s  o f  rumen 
pro to zoa and their po ssible role in bloat , 
Proc . N . Z .  So c .  Anim . Prod . p .  96 . 

Clarke , R .T . J .  1 96 5 b  : Role s of the rumen ciliates in blo at 
in c attle , Nature 205 : 95 . 

Clarke ,  R .T . J . 1 966 : Blo at in cattle 2 7 . Pre liminary 
obse rvations with the anti-protozoal agent 
1 , 2 , Dime thyl-5 -nitroimidazole , for the 
prevention o f  blo at N . Z . J .agr . Re s .  9 : 437 . 

Clarke , R .T . J . ,  C . S . VI .  Re id , and P . \L Young 1 96 9 : Blo at 
in c attle 32 .  Atte mpts to prevent blo at in 
dry and lactating cows by the p art ial or 
complete elimination o f  the rume n  holo trich 
pro to zoa with d imetridazole , N . Z . J �agr . Re s .  
1 2 : 446 . 

Clarke , R .T . J . , and C . S . Vi .  Re id 1 970 : Physiology of 
dige stion and me tabolism in the ruminant , 
pp 5 99-606 . Ed . A . T . Phillipson , Oriel 
Pre s s .  

Clarke , R . T . J .  and R , E . Hungate 1 97 1  : Bloat in cattle 35 • 

.f.hcro biologic al activit ies in the ret icule­
rumen o f  cows diffe re ntly susceptible to 
legume blo at , N . Z . J - agr . Re s .  1 4  : 1 08 .  

Clarke , R .T . J . , and C . S . W .  Reid 1 974 : Foamy bloat in 
cattle . A review . J .  D airy Sci .  57 : 753-
785 . 

Clifford , H . J .  1 96 4  : The importance of blo at ,  Proc . 
Ruakura f,arme r L s  Conf . Wee k ,  p . 24 .  

Cole , H .H . , C . F .  Huffman , N . Kle ibe r ,  T .M .  Ol son , and 
A . F . Schalk 1 945 : A review of  blo at in 
ruminants ,  J .  Anim . Sc i .  4 : 1 83 .  

Corbe tt ,  J . L . ,  J . F  . D . Gre enhalgh , and E .  Florence ·1 957  
D i s tribution of chromium se squioxide and 
PEG in the re ticulo rumen of  c attle Br .  J .  
Nut r . 1 3  : 3 37 . 

Dougherty, R . W .  1 96 1  : The physiology of  eructation in 
ruminants in Dige st ive physiology and 
nut rition o f  the ruminant . Ed . D .  Lewi s , 
But te rworths • 

' 



Dougherty , R . W . ,  R . E .  Habel , and H .E . Bond 1 958  : .  
Esophageal innervation and the eructation 
re flex in she e p ,  Amer . J .  ve t . Re s .  1 9 : 
1 1 5 .  

Flynn , K .E .  1 96 5  : Prevention of blo at in dairy cattle , 
J .  Agr . Melb . 6 3  : 303 . 

Flynn , C . L . , K . E .  Flynn , R .H .  Laby . , and D . T .  Ryan 1 976a .  
Flank applicat ion for blo at control , 
Pro c . Aust . Soc . Anim . Prod . 1 1  : 3 1  • 

Flynn , K .E . ,  R .H . Laby , I . F .  Patte rson , D .T .  Ryan , and 
C . R .  Stockdale 1 976b ,  Gel drenching for 
blo at control , Proc . Aust . Soc . Anim . Prod . 
1 1  : 3 2 . 

Hancock , J .  1 95 3  : Bloat in re lation to grazing behaviour 
Pro c . Huakura farmers ' C onference 'I'Jee k  
2 03-2 1 5 .  

Hanc o c k ,  J .  1 954  : Studie s in gra�ing be haviour of dairy 
cattle , J .  Egr . Sci . 45 : 80-95 . 

Hoernicke , H . , W . F .  Williams , D .R .  Waldo , and W .P .  Flatt 
1 96 4  : Compo si t ion and absorption of rumen 
gase s and the ir importance fo r the ac curacy 
in re spirat ion trials with tracheotomise d 
an imal s ,  Pro c . 3rd Symp . Energy r1etabolism,  
p .  1 6 5 , Academic Pre ss . 

1 08 

Howarth , R .E . 1 97 5  : A review of  bloat in cattl e ,  Can . ve t • 

.i!_. 1 6  : 28 1 -2 94 . 
Hungate ,  R .E . ,  D . \{ .  Flc tcher , R . W .  Dougherty and B . F . 

Barrantine 1 9 55 , Micro bial activi ty in the 
bovine rumen : its measurement and relation 
to bloat , Appl .  J.1icrobiol . 3 : 1 6 1 . 

Hungat e , R .E . 1 96 6  : The rumen and it s micro be s ,  Academic 
Pre s s . 

Hyden ,  S e 1 955  : 'r:he re covery of  Polye thylene glycol after 
passage through the d ige st ive tract . 
LantbrHogsk . Ann _. 22 : 1 39 . 

Hyden ,  S .  1 96 1  : D ige st ive physiology and nutrition o f  the 
ruminant , p .  3 1 , Ed . Butterworths . 

Iggo , A . , and B . F .  Lee k  1 970 : Sensory re ceptors in the 
ruminant stomach and the ir re flex e ffe ct s , 
p . 23 : Physiology o f  d igestion and metabolism 
in the ruminant ,  Ed, A.T .  Phillipson , Oriel 
Pre s s .  

Johns , A . T . 1 954  : Bloat in cattle o n  red clo ve r ,  N .Z . J . 
Sc i .  Te chnol .  36A : 289 

Johns , A . T .  1 96 3  : Blo at . Discusse s the effe c t ivene ss  of 
spraying pasture with anti-fo aming agen t s  
to c ontrol blo at ,  Massey Dairyfmg. Ann . p . 23 .  

Jone s ,  W . T .  1 97 1  : Studies on the fo aming properties o f  
pro te ins , Ph . D .  Thesis , Massey University , 
New Zealand. 



Jone s ,  W .T . ,  and J. W .  Lyttleton 1 96 9  : Blo at in cattle 
29 . The fo aming prope rties o f  clover 
prote ins , N . Z .  J .aer .  Res . 1 2  : 3 1 .  

Jone s ,  W .T . ,  J. vl . Lyttleton , and R . T . J .  Clarke 1 970 : 
Bloat in c attle 3 3 . The soluble pro te ins 
of leeume forage s in New Zealand and th� ·ir 
relationship to blo at , N . z . J . agr . Re s_ . 
1 3  : 1 4 9 .  

Jone s ,  W . T . ,  and J. W .  Lyttle ton 1 9 7 1  : Blo at in c attle 34 . 
A survey o f  legume forage s that do and d o 

1 09 

no t produce bloat , N . Z .  J .agr . Re s .  1 4 : 1 0 1 . 

Jones ,  W .T . ,  and J . \'1 . Lyttleton 1 973 : Blo at in cattle 38 . 
The fo aming prope rt ies of  rumen liquor 
N . Z . J .  a.gr . Re s • 1 6 : 1 6 1  . 

Kay , R .N . B . 1 960 : The influenc� of saliva in dige stion in 
ruminant s ,  World Rev .  Nutr . D ietetics 6 : 292 . 

Knapp , B . A . , A .L .  Baker , and R . W .  Phillip s  1 943 , Variat ions 
in the o ccurrence o f  bloat in the stee r 
progeny o f  bee f  bulls ,  J. Anim. Sc i .  2 : 
22 1 - 225 . 

Laby , R . H .  1 9 73 : The anti-bloat capsule and dete rgent s 
fo r bloat contro l in Blo at . Reviews in 
Rural Sc ience No . 1 ,  pp . 81 -83 , Ed s .  
R . A .  Leng and J .R . l\1c'vlilliam , Universi ty 
of New England , Armidale , N . S . W .  Australia . 

Laby , R . H .  1 975 : Surface active age nt s in the rumen 
pp . 5 3 7-5 50 in Dige stion and metaboli sm in 
the ruminant . Ed s . I .  'vl .  lo1cDonald and 
A . C . I .  \'lamer,  Unive rsity o f  New England , 
Armidale . 

Laby , R .H . , and R . O . Vleenink 1 966  : Bloat in cattle 28 . 
The isolation o f  surface act ive components 
of rumen liquor by fo am se parat ion , N . Z .  
J .agr • Re s .  9 : 83 9 

--

Langland s , J . P . , and C .R .  Holme s 1 975 : C onsumption of  
pluronic s administered in d rinking water 
and roll e r  drums to grazing bee f cattle . 
A���-� _ _{�-�-�:Qt .  Ag . and Anim . Hus . 1 5  : 5 - 1 1 

Leng ,  R . A .  1 973 : Ruminal fe rme ntation and bloat . Reviews 
in Rural Science No . 1 ,  pp . 57-6 2 . 

Lyttleton ,  J. W .  1 960 : Blo at in cattle 1 8 . The p roteins 
of bovine saliva , N . Z .  J .a gr . Re s .  3 : 6 3  

Mangan , J .L .  1 95 9 : Bloat in cattle 1 1 .  The fo aming 
prope rties  of proteins , saponins and rumen 
liquor , N . Z . J. agr . Res .  2 : 47 . 

Mc into sh , J . T . , and F . R . M .  Cockrem 1 977 : Ge ne tics of  
susceptibility to bloat in cattle , N . Z .  
J .a g� . Re s .  20 : 26 3-8 . 

---

McWilliam, J . R.  1 973  : Plant factors , environment and 
bloat in blo at . Reviews in Rural Sc ience s 
No . 1 p p . 33-3 8 .  Eds . R . A . Leng and J .R .  
McWilliam, Universi ty o f  New England , 
Armidale , N . s .w .  Australia. 



Hendel , V . E . , and Boda ,  J .M .  1 96 1  : Physiological 
studies of  the rume n with emphas is on 
the animal factors associated with bloat . 
J .  Dairy Se� . 6 4  : 1 88 1 - 1 898 . 

J.li shra,  B .D . , E .E .  Bartley ,  L . R .  Fina , and IL P .  Bryant 
1 968 : Bloat in c attle 1 4 .  I1uc inolytic 
activity of several anaero bic rume n 
bacte ria,  J .  Anim . Sci . 27 : 1 65 1 . 

Moore , C . L . , V . A .  Hall , and A . E .  Dracy 1 957  : Bloat . 
Re sults  from var ious drenchings in 
effec t ivene s s  o f  Pen� c illin for prevention . 
Abstract in J .  Dairy Sc i .  40 : 6 1 6 .  

1 1 0  

Phillips , D . S . M .  1 96 8a : The u se o f  pluronic s  adminis tered 
in the drinking water as a means of  blo at 
control in cat tle 9 N . Z .  J . azr .  Re s .  1 1  
85 - 1 00 . 

Phillips ,  D . S .M .  1 96 8b : The water intake of graz ing cows 
and it s effe ct on the intake of Pluronic 
164 admini stered in the drinking water for 
the c ontrol o f  blo at , N . Z .  J .  agr. Re s .  1 1  
267-276 . 

Re id , C . S . W .  1 955  : Work on bloat control at Grassland s . 
Dairyfmg. A .  pp . 1 23-1 25 . 

Re id ,  C . S . W .  1 958 : Bloat in c attle 8 .  Prevention by 
pasture spraying with ant i-f.o aming aeents . 
N . Z • J .  agr • Re s • 1 : 3 4 9-36 3 . 

Re id , C . S . W .  1 960 : Bloat - The fo am hypo the sis . Proc � 8th 
Int . Gras sl . Congr .  p .  668 . 

Reid , C . S .W .  1 96 5  : To tal removal and return o f  dige sta 
for quantitat ive sampling in studie s of 
dige stion in the re ticule-rumen of c attle . 
�E?C • N . Z .  Anim . Prod_ . 1 5 : 6 5 -84 . 

Re id , c . s . w .  1 973 : Blo at in New Zealand . In  Blo at . 
Reviews in Rural Science  . N o .. 1 pp . 5 - 9 ,  
Eds . R .A .  Leng and J . R .  McWilliam , University 
of New England , Armidale , N . S . W .  Australia . 

Re id , C . S . W .  1 976 : Bloat prevention and tre atment with 
ant i-foaming agent s .  Farm Production Divi sion , 
N . Z . Dairy Board , p . 7 .  

Reid , c . s .w . , and A . T . John s  1 95 7  : Bloat in catt le o n  
red clover 3 .  Treatment and prevention w ith 
ant i-foaming agent s N . Z .  J .  Sci . Te chnol . 
38A : 908 . . 

Re id , c . s . w . , and J . B .  C ornwall 1 95 9  : The mechanical 
activity of the reticule-rumen o f  cattle . 
Pro c . N . Z .  So c . Anim . Prod . 1 9 : 23 

Re id , c . s . w . , R . T . J .  C larke . ,  I>l . P .  Gurnse y . , R .E .  Hungate ,. 
and K .L .  MacMillan 1 972 : Breeding dairy 
cattle with reduced suscept ibility to bloat . 
Pro c . N . Z . Soc .  Anim .  Prod . 3 2 : 96 



Re id , c . s . w . ,  N . J .  Ulyatt . ,  and J . H .  Wilson 1 974 : ·  
Plan t  Tannins , bloat and nutritive value , 
Proc . N . Z .  Anim . Prod . 34 : 82-92 . 

Sco t t , J .O . J . 1 96 5  : Met hods of d ealing with bloat in 
dairy c ows . N . Z .  J .Agr .  1 1 1 : 3 3 .  

Se ars , P . D . 1 95 3  : Bloat inve st igations - 3 : pasture 
management for bloat c ontrol . Dairyfmg • 

.!.· 1 1  3- 1 20 . 

Stevens , C . E . , and Sellers , A . F .  1 95 9  : Stud ies of the 
re flex  c ontrol of the ruminant stomach with 
special re ference to the . eructation refle x 
Amer . J .  ve t . Re s .  20 : 46 1 . 

Ulyatt ,  M . J .  1 96 4  : The use of PEG as a marker for 
measuring rumen water volume and the rate 
o f  flow o f  wat er from the rumen of grazing 
she e p , N . z . J . Agr . 7 : 7 1 3-72 2 . 

1 1 1  

Van Horn , H .H . , and E .E .  Bartley 1 96 1  : Bloat in cattle 1 .  
E ffe c t  of  bovine saliva and plant mucin on 
frothing rumen contents in alfalfa bloat , 
J .  Anim . Sc i .  20 : 85 . 

Washburn , L .E .  and S .  Br ody 1 937  : Growth and deve lopme nt 
w ith s_r.e c ial re ference to the dome stic 
animals .  4 2 . Ne thane , hydrogen and c arbon 
d ioxide production in the dige st ive tract 
o f  ruminant s in relation to the r e spiratory 
e xchange . Miss . Agr .  e xp .  Sta . Re D .  Bull . 
26 3 :  1 • 

We iss , K . E .  1 95 3  : Physio logical stud ies  on e ruc tat ion in 
ruminants , Onderstepo ort J .  ve t .  Re s .  26 : 25 1 . 

Wolfe , E . C . , and A .  Lazenby 1 97 2  : Bloat inc idence and 
live weight gain in beef  cattle on pasture s 
contain ing diffe rent proportions o f  white 
clover . Aust . J .  exp .  Agr . Anim . Husb .  1 2 : 1 1 9 

Wo odruffe , B . , D .  Horward . ,  and B .  Lee 1 972  : . Bloat 
capsules ,  gel rings . Rural Re s . 78 : 7 .  


	20001
	20002
	20003
	20004
	20005
	20006
	20007
	20008
	20009
	20010
	20011
	20012
	20013
	20014
	20015
	20016
	20017
	20018
	20019
	20020
	20021
	20022
	20023
	20024
	20025
	20026
	20027
	20028
	20029
	20030
	20031
	20032
	20033
	20034
	20035
	20036
	20037
	20038
	20039
	20040
	20041
	20042
	20043
	20044
	20045
	20046
	20047
	20048
	20049
	20050
	20051
	20052
	20053
	20054
	20055
	20056
	20057
	20058
	20059
	20060
	20061
	20062
	20063
	20064
	20065
	20066
	20067
	20069
	20070
	20071
	20072
	20073
	20074
	20075
	20076
	20077
	20078
	20079
	20080
	20081
	20082
	20083
	20084
	20085
	20086
	20087
	20088
	20089
	20090
	20091
	20092
	20093
	20094
	20095
	20096
	20097
	20098
	20099
	20100
	20101
	20102
	20103
	20104
	20105
	20106
	20107
	20108
	20109
	20110
	20111
	20112
	20113
	20114
	20115
	20116
	20117
	20118
	20119
	20120



