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STUUVIES ON THE PATHUGRNESIS OF

\L{ 1 (L)

Acute bloat or tympany, to which apparently all ruminants
are subjeot, is defined in various textbooks on animal diseases
as a rapid distention of the rumen dues to the formation of
gnaes. (Yeater (1938) and Hutyra, Marek and Manninger (1938)).
The olinical manifestations are desaribed as marked bulging
of the left flank, small frequent pulse, frequent respirations,
colicy symptoma, groanin: and staggerin- and finally death
due to asphyxia.

Broadly apeskxin;, bloat oan be divided into twvo alstinet
types, namaly acute and ohronlo; Chronioc bloat is defined ag a
veraslstant or intermittent accumulation of gas in the foresto-
machg especinlly after feeding, extending over a considerable
period and not dependant on any speclal feeding regime. It is
the result of an interference with the sructation mechanism or
elimination of gas. (Wester (1935) and Cole, Huffran, Kleiber,
Olson and Schalk (1948).

Hutyra gf sl (1938) do not regard chronis bloat as a
disease par gg, but rather as e symptom of an underlying con-
ditlion or affection of the forestomachs or oesophaius. Condi-
tions such as oompression of the oesophazus by enlarged
lymphatic glands, oesorhageal divertiocula, trauwmatio retiocu-
11tis, extengive peritoneal adhesions interferin; wvith ruminal
1ortility and atony of the rmminal musculature, dan all give
rige to chronic bloat. The primary lesions associated with
thie type of tympany, are rfully dealt with in the litersture
and require no further elucidation. Purthermore, chronio
bloat has a low inocidence as it only affects individual animals
sporadioally. The losses to farmers are there;ore not as disas-
trous as in the case of acute bloat, whereflarge nunber of
animals may be affeated at the game time,

Aocording to Cole gf a) (1945) acute hloat ocours in

2.
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associcstion with certein feeding regimes such as légume
pasturin;. This tyne of bloat has bssome a problem of

ma jor economio importance all over the world in those areas
vhere lezumes are oultivated and nused as stook feeds. Losaes
appear.to be partiocularly severe in intenslve farmin: areas,
eapecially amonr~nt valuable dairy animals, due to the faot
that these animals are highly fed for produotion. The rumi-
nant is physiologioaliy adapted to the dl:reation of roughage,
with the result that feoroed feedin:: 1s nnnaturai to this type
of animal and predispoces them not only to bloat, but also

to digestive digturtbhances and various metabolic diseases.

As pointed out by Cole gf 31 (1948) the seriousness of
the bloat problem ghould not only be attributed to aotual losses,
but other factors such as exponaiyg praventative measures and
regtriotiong 'n the uae of legunén should alse he considered.

Acoordins to Niborg (olted Wy Cole of gl (1548)) acute
bloat beoamne a serious problem fronm about the mildle of the
eightecnth oentury when pasturing on clover heoame a common
praotioe. It has sinoce been reported from nany countries ada -
ted to the cultivation of legumee, such ss Canada, Angtralis,
New Zealand, India, Scotland, Ensland, Germany, "nited Stotes
of Amerioca and South Africa. (Jole gt a) (1945)), The in-
areasing incidens2 of asute Hloat has lven reasarch on the
problem a tremendoua impetus. Mrom about the middle of the
first half of this centiry a vast amount of literature relating
to bloat has appeared, and slthouch many theories have been
advanoed, various aspects of the pathogenesis of acute bloat
have remained unsettled. The recent review of bloat by Cole
atal (1945) aotnually rovealed many of the shortoomings of our
present state of knowledge.

It is felt that the material which forms ths basis of
this study, might prove of some value in eluoidatin:; the patho-
genesls of this bafrling oondition, espeocially as the approach
to the problem 18 from sn entirely Jdifferent anglé. Although
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no new methods of treatment or prevention are suggssied, the
.underlying principles of many of the time-honoured methods
are demonstrated.
- B .

The more oommonly aosented theories of bloat have been
fully disoussed by Cole g% sl (1845) in their reviev. These
are summarized below together with more recent contributions
to the literature.

1. Rleak dus ko exceaslys gas Lormatlol.

Mogt of the older theories regarding the pathogenesis
of acute bloat are based on the sssumption that readily fermen-
table and succulent feeds produce excessive amounts of gas when
subjected to rapid fermentation in the rumen, especially when
large amounts are consumed. This was degoribed as the cause of
bloat by vorkers in various eountries (Murray (1909), Gallagher
(1921), viljoen (1922), Kephart (1929), Veech (1937) and the
older textbooks on animal diseases (Hutyra, Marek and Manninger
(1938) and Wooldridge (1923)).

This theory was disproved when Cole, Mead and Kleiher
(1942) and Quin (1943) shoved that animals could eructate far
more gas than is actually produced in the rumen. Cole at gl
(1942), Washburn and Brody (1937) and Quin (1943) also found
that green luoerne does not stimulate more gas production than
lucerne hay. Jacobson, Eape anda Cannon (1942) found scomparable
figures for in vitro gas produstion of green lucerne and green
grass,

To quote from Cole gt 3l (1945)t “The evidence points
falrly convinoingly to the conoclusion that excess gns produstion
in the rumen is not the cause of bloat pgr gg. On the gontrary,
most inveatigntors agree that dloat is due to an unset in the
normal mechanism for expelling gas. The evidence at hend does
not indicate that bloat - provoking feeds reeult in greater gns
formation than feeds not associated with bloat. The prononents
of all other theories agree, hovevar, that the rrpld formation

of gas associated with eating and the sonsumption of large amouw

4/O..
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of feed, with the consequent inoreased gas production, may
be predisposin: factors."

‘fhis theory is based on the assumption that the rapld
ingestion of large amounts of dense feeds such as succulent
lepumes, causes a mechanloal obstruotion to the exit of gns
from the ruaen hy blocking the cardisc orifice. The time.
honowred practice of treatin; hloat by elevating the fore-
quarters lent support to this theory. From in vitro observa-
tionson the behaviowr of fermenting ruminal ingests the prono-
nents of this theory (Jaocobson, Espe and Cannon (1942)) be-
lieved that Af large amounts of sucoulent materinl are rapidly
ingested, thin material forms a compact mass in the retionlum
and anterior part of the rumen, thich tends to denress the
stonach, so that the cardiac orifice is shifted to a position
belo the level of fluid in the rumen. This, tosether with
further bouyiny up of the ingesta due to Cas formation, prevents
the escane of gas and leads to bloat.

. Theae investigators support their statements by pointing
out that bloat invarlably ocoure amongst growing and producing
animals with voracious appetites; also the prior feedins of
hay or graln vill prevent overfeedin: on succulent feeds and
so prevent bloat. Aocording to them leiumes oovered with dew
or frost are especially dan;erous as animals oconsume demnened
legumes faster. They alno believe that wet feeds cut down
salivary seoretion and that a decreased amount saliva in the
rumen increases oas formation. Although they found that ae
much gas is produced per pound of blue grasc enten asg per
pound of lucerne, they maintain that suoculent lucerne is oon-
sumed much faster.

Acocordini to Cole gf gl (1945) however, this theory
does not explain the ocourrenoce of bloat amongst animals fed
grain only or the rellief of mildly bloated animels by feeding
Sudan grass. As pointed out too by Mead, Cole and Regan (1044)

6/0..‘
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bloat cannot always be oorrelated =vith the amount of sucoule.
feed consumed.

S. Rleak . due to toxig gases.

According to this theory, toxie gases like carbon
monoxide and hydrogen sulfide, which are produced in the
runen from legumes with a hizh protein ocontent, produce
bloat by paralysing the rumen,

vougherty (1940, 1941 and 1942) found that, by ralsing
the intraruminal pressure with alr or other gases common to
the rumen, even small amounte of ocarbon monbxide or hydrogen
sulfide present in the rumen are absorbed and cause marksd
toxic symptoms, rumen varalysis and bloat. The amount of
carbon monoxide and hydrogen sulfide present in rminal gas
was algo found to inorease appreciably after feeding freshly
cut olover, and large amounts of hydrogen sulfide were found
in ruminal gas and ingesta of aninals which died of bHloat.

Although vougharty originally sudbscribed to this
theory he later maintains {personal coumuniocation cited by
Cole gt al (1946)) that toxic gases are not responaible for
cessation of ruminal motility and bloat as sush, but that they
probably play an important part in sausing death from bloat,
especially hydrogen sulfide, through increased absorption due
to high intra-ruminal presgsure.

Olaon (1944) however helleves that hydrogen sulfide is
responsible for bloat by paralysing the rumen, as well as for
death from bloat, following absorption. Oleon (1940) found
that oarbon monoxide and hydrogen sulfide had no recognisable
toxic effects unleass aceompanied by an inorease in intra-

- ruminal pressure. In 1944 he reported that hydrogen sulfide
oocurs in large amounts in the ruminal gas of bloated animals.
in support of the “toxic gas” theory of bloat, Olson mentions
the fact that the protein of legumes is higher in sulphur thaa
the protein of non-legumes and thnt the leafy parts of legumes,

which are usually grazed, contaln more sulphur than the stems.

6/...
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(Alway (1927) and Painter (1943)). He attempts to explain

why bloat occurs on some pastures and not on others, by
postulating that if hydrogen gulfide is produced in the rumen
from the sulphur of protein in legumes and this in turn depends
on the sulphur ocontent of the soil, bdloat will occour on pasturet
with sulphur=-rioch soil. The inorease in the incidence of bloat
in times of abnormal rainfall is explained by the assumption
that plants, induced to grow rapldly by heavy rainfall, contaln
more sulphur, »

The experimental rssults of Kleiber, Uole and Mead
(1943), who found no signifiocant difference in the amount of
hydrogen sulfide in the ruminal gas of bloated and non-bloated
animals on lucerne pasture, sesms to disprove this theory.
Cole gt al (1945) however acknovledge the fact that hydrogen
sulfide may be a contributing factor in death of animals from
bloat.

4. [Bloak due tg abnorzmal ruminal Llara or fauns.

Thlig theory has been suggested, but there is not surfi-
clent proof that bloat 1s actually ocaused by the presence of
Aboorpal mioro-organisms or an inbalance of the normal ruminal
flora and fauna. In s study of the ruminal organisms of bloated
and mon-hloated sheep, Koffman (1937) found a deoreage in the
number of large protosoa in the ingesta of the bloated animals
and suggestsd that this ohange may have resulted in a greater
number of gas producers. |

Quin (1943) showed that false yeast cells (Schizosaccha-
romyces ovis), present in large numbers in the rumen of sheep
on a diet of lucerne, are responsible for the oxidative assimi-
lation of plant sugars with the rapid evolution of large amounts
of gas, mainly oarbon dioxide. Clark (1946) showed a eignifi-
cant correlation between the number of Sohizosaccharomyces ovis
present in lngesta and the volume of gas evolved.

Aocording to uin (1943) acute bloat represents an
integral part of the normal processes of sugar metaholism in

© University of Pretoria pigitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



RIA

7.
the forestonachs of ruminants., The presence of these
characteristic yeast cells is regarded as an important factor
in the pathogenesis of mcute bloat, but they are not regarded
as abriormal inhabitants of the rumen. To control bloat he
scontends that ruminants should be safepguarded against spells
of acute hunger, because starvation leads to a depletion of
the glycogen reserves within the yeast cella, with a consequent
acoentuated phase of oxidative asmsimilation and gas formation
from plant sugars if the animal is subsequently allowed to
feed green luocerns. If the energy demands of the yeast cells
are hovever kept satisfied by regular supplementation of
oarbohydrate rioch foods such as graing with lucerne, the
sugars in the lucerne will not be metaboliged at the same
dangerously high sHeed, with the result that gas snd foam
production are kept within bounda. Cole g gl (1945) believe
that Quin's hypotheslis may explain frothy bleat, but state that
there is no evidence that the sugar acontent of lucerne, produ-
oing this type bloat,is higher than normal.

5. Rlealk .dus logk of goarss rouxhage o the rumen.

Agoordinyg to thise = theory, proposed by Cole, Head
and Kleiber (1942), coarse roughage is necessary to elioit
the eructation reflex, These workers believe that there is a
rough correlation between eructation and rumination, and sinoe
it has been shown conolusively by uohidk and Amsaon (1928)
that rumination depends on stimulation of nerve fibres in the
rumen by ooarse roughage, they conocluded that the eructation
reflex 1s initiated by the same type of stimulus. Conoclusive
evidenoce on this point is however lacking.

The thsory that the physiocal condition of the feed is an
etiologioal factor in bloat, is however backed by considerabdble
indirect evidence. MNead, CUole and Regan (1944) showed that the
incldence of bloat on a ration of ground, hay anc grain is muoch
higher than on unground hay and grain. Sinee the only differenc:
between these two diets is a change in physioal nature, the

8/...
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physical ocondition of the feed must obviously have played a
rols, Mead and Goss (19368) also reported bloat in cattle on

& non-roughage diet and McOandlish (1923) enoountered bloat
vhen milk was the sole diet for oalves.

Cole, Nead and Regun (1943) also showed that bloat can
be produced and prevented on the basis of this theory. Accor-
ding to them, bloat oan be produced any time of the year and
under varyin; environmental conditions provided the luocerne
is young and suooulent and free from old hard and dry stenms.
The pasture should be free from contaminating weeds and grasses
and provided with sufficient water to induce rapid provth of
the lucerne. The animals themselves should be deprived of
all hay and straw prior to pasturing. Under these oonditions
bloat 1s attributed to the lack of coarase rouchage in the diet,
whioch results in insufficient stimulus for the erustation re-
flex.

These same vorkers also conclusively demonatrated that
bloat can be nrevented by feeding a conrse hay nrier to lepume
pasturing. They found that a coarse hay afforded :reater pro-
tection than a fine-stemned leafy hay; 8udan hay proved the
best. The hay should alao be palatadble, otherwige the animnls
w111l not eat enough hay to be protected. The preventative
action of hay is alao explained on the basis of this theory.
To lend further proof to their postulate, these authors attri-
bute the action of turpentine in the relief of bloat to stimu-
lation of the eructation reflex by irritation. Clark (1948)
however ghowed that the benefricial effeot of turpentine is
mainly due to its action on surface tension, thereby breaking
froth.

8. dloal duc to Lrothinz of ruminal ingects.

In his classifiontion of tympany, Yester (1938) adig-
tingulahed between two distinct tyves of acute bloat. In the
one type, which is caused by the ingestion of youn:, fresh lu-
serne, clover or grass, the gas is mixed with the ingesta to

9/ess
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form a foamy mase. In the other type of acute bloet, which
ocan be caused by mechaniocal obstruction of the oesophagus,
overfeeding or rumen parslysis, the gas is free and lies above
the Angzesta. |

Frothing of ruminal ingesta has been encountered by
various workers in ocases of soute bloat on green clover
(McCandlish (1937), Mudson (1938), Dougherty (1941) and Olson
(1942)). Quin (1942, 1943) found that the ingesta of sheep
bloated on green lucerne consisted pf a strongly foaming, frothy
mess. In faoct, Amadon (cited by Cole gt _al) ooncluded from hisg
experience that most caees of bloat on green le, umes are of
the frothy type. This type of bleat has also been encountered
when feeding lucsrne hoy (uin 1942) and Dougherty reported
frothy ingesta in three gteers that dled of bloat on a diet
of chopped lucerne hay and grain, Xick, Gerlaugh and 3chalk
(1237) also believe that frothiness is a factor in bloat of
steers fed ocorn in the feed-lot. Furthermore, the dbenefiocial
sffect of antifrothing agents in the treatment of acute bloat
on green legumes has been raported on by uin, Augtin and
Ratoliff (1949) and conclusively demonatrated by Clark (1950).
Clark (1948) almo demonstrated that the maln effect of Surpen-
tine in the relief of bloat is due to the breaking of froth,

In spite of all the evidence that this tyns of bloat
ocours, Cole g4 gl (1946) do not appear to be convinoced that
frothing is actually the cause of bloat. The following is
quoted from their review: *Cole and aso-workers (unpublished da~
ts), on the other hand, have tapped s number of cows bloated
on alfalfa pasture without encounterin: a ocase in which the
free alr apaoce was absent. The fact that often no free gss
but, rather, frothy ingesta, escepes, when the rumen is tapped
18 regarded by many as proof that free gas is not present,
The ceuse, concelvably, mey be the faot that the free air
srace is difficult to tap when the rumen is excessively filled.
If a free alr space exists, it 1s diffioult to understand why
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frothin;: would esause dloat. At the momeont at which belehing
oocurs there 1s a dilation of the retioulum and anterior rumen,
thus tending to free the cardia for the passage of gjas inteo
the oesopha;us.”

Although they do state that bdloat on green lerwmes may
fall into two oategories, one in whioh free gas is nresent and
another in which the gas is incorporated in the incesta as a
frothy mass, they apperently do not attach any ei.ntifieence %o
frothing as a cause of bleat.

The actual ocause of frothing has deen attributed %o
the presence of saponins in lucerne and olover. (MeOandlish
(1937), Olson (1642) and quin (1943)). Jacobson (1919)
1s0lated a stron; ly foaming saponin from alfalfs, but according
to Cols gt gl (1948) attempts to produce bhloat by feeding
saponing have not been suococessful.

Weanter (1938) desaribes the pathogenesis of frothy
bloat as follows: Very rapld fermentation of suocculent fesds
leads to a thorouzh mixing of the food with the gas. This
impedag delohing and on socount of the rise in intragruninal
pressure, there is an inorease in the tone of the ruminnl wall
vhish prevents ths regular antiperipstaltic movement of the
rumen, neceasary for eructation. The rumen reascts to the
increasing pressure by increasing itz motility, vhich has the
effeat of further thorou:hly mixing the pgas and ingesta.

7. ERlaal-duc. tig lnbibitdan of cumlnal metilits.

As e@ructation ocodurs only vhen the rumsn ig in an
aotive state of contrastion (Wester (1935), Hofand (1940)
and Cole, Mead and Kleiber (1942)), ruminal atony must ob-
viously be a cause of tympany Lif gse formation is adequate.
Yarious chemical substancea, which cause ruminal paralyals,
have therefore bdeen incriminated as etlologiaal faotors in
aoute bloat aseoclated with the feeding of legumes.

| Dougherty (1942) showed that the intravenous injeotion
of histaminse in dosss varying from 2 to 0§ ncra. canses acomplete

11/0.0'
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paralysis of the rumen, This observation was subsequently
confirmed by Clark (1950). During his studies on gas and
. ruminal ingesta of bloated animals Dougherty (1942) found

large amounts (.9 to 2.4 mgrm.?) of histamine in the in;seata
samples of three steers that died of bloat. He also mentions
the faot that histamine ocan increass by feeding high protein
diets. Although Dougherty does not believe that hiatsmine
by itaself is the cause of acute bloat, he sug:eats that
histanine mi;ht be a contributory factor.

uin and van der “ath (1033) showed that the dosing
of potaasium oyanide to aheep causes ruminal paralysis. BSteyn
(1934) desorided tympanites as a symptom of prussie acid
polisoning from plants ocontalning oyanogenetio zlucosides.
(8pecies of Dimerthotheoa and also various members of the
family of Gramineae such as speoles of Aristidn, OUynodon
and 3Jorghum have besn found to contain prussis aocld vhen
wvilted). In spite of the faot that Olark and Guin (1948)
failed to incriminate hydrooyanie acid as a possible canse
of acute bloat, Evang and Evans (19049) belleve that this
substanoe s ascoolated with aocute bloat on clover. They
have 1solated hydrooyanic sold from clover juloe and demon-
strated ita presence in the blood of an animal bloated on
olover. They found .1 mgrn. hydrooyanic acid per 100 nl.
blood in the case of a bloated bullock, "‘hereas two non-
bloated helfers on the samc‘panture shoved only .04 mgrn.
hydrocyanio acid per 100 ml. blood.

Reocently Ferguson, Ashworth and Terry (1949) isolated
a mugsocle-inhibltinyg oompound, identified as a flavon:, from
lucerne, Although they falled to produce bloat with feeding
experiments, they belleve that it might have a possible oon-
Rection with bloat.

All the shovementioned theories have been advanced
in an attempt to elusidate the pathogenesis of acute hHloat
on green legumes or in general on feeds laocking in rou;:hage.

12/..
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Bloat ocourring under these circumstances is distinot from
the well known type of aocute ﬁloat,whlch is ansociated with
the feeding of tubers,caused by obsatruction of the oesophagus
which mechanically interferes with the esocspe of free gas.

Inhibition of ruminal motility ecaused by factors
other than those assoclated with legume feeding, is also a
cause of bloat. Wester (1935) mentions extensive peritoneal
adheglons and overloading of the rumen, as the cause of free
gas tympany, vhile Regg (1912) believes that the tympany
assoclated with digestive distubances is due to ruminal
atony. Weater also mentions poisonous plaﬁt- as a ocause of
thlis type of bloat. Various poisonous plants in South Africa,
such as snecies of Nomeris and Moraea {tulip), Urginea and
Gelgeria eto., have revorted to cause dbloat in sddition to
the usual symptoms of poisoning (Steyn (1934)). The possi-
bility of contamination of pastures or baled lucerne hay with
these plants should always be considered when investigating
outbreaks of aocute bloat,
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CONVITIUNS UNVEHR “HMICH BLOAT OUCURS WITH

SrECIAL REPEHENCE Tu THEL OCCUMRENCE IN

G APHAGA

In order to obtain falrly oomprshensive data on the
occurrensce of bloat in thig oountry, quoatlonhairen were sent
to veterinarians in the field as well as to experienced farmers.
The information @o obt-ined is disoussed in oonjunotion with
obaervations of ‘rorkers in other countries. For a full sunnari
of the adirferent questionnaires see Appendix I.

1. Zhe dlatnilbution o Rlaas An South Afrigs.

Apart from sporadic ocases of dloat not associated with
a ospecial feeding regime, outbreaks of acute blost apparently
occur all over the oountry, wherever green feed is avallable
or vhere lucerne hay is fed. DBloat is more common in the
intensive farming areas, vhare lucerne or other lush pastures
are crovn under irrigation or where the annual rainfall is
adequate for the oultivation of thase feeds under dryland
oconditiona. Acocording $o one veterinarian, bloat is relatively
rare anmongst cattile and gheep on 4dryland lnoerne in the Wegstern
Province but extremely ocommon on lucerne under irrigation (see
Anpendaix I No. 11).

As lucerne is by far the most important greenfeed grovn
in South Africs the distribution of bloat vould correspond close.
ly with that of lucerne. The reader is referred to the publion-
tion of Turpin and MoKellar (1937) for a map of the Union, show=
ing the distribution of luocerne. Accordin;: to these workers
this feed 18 rown extensively in the Southern, Gastern and
Northern Cape Province and Southern Orange Free State especially
on farms borderinz the Orange RNiver, and also to a smaller ex-
tent in the 3outhern Tranavaal and Natal Midlands., It is there-
fore oultivated mostly in the drier areas of the sountry vhere
irrigation is available. In the hi: her rainfall areans such as
alon; the East Coast the atmosphere is too hot and humid end
the soil unauitable for the cultivation of lucerne. The follow-
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ing statistical data 1s taken from Turpin and McKellar (1937)
to shov the area under luoerne in each province in 1930:
Cape Provinoe 74267, Natal 1638, Orange Free State 11788 and
Transvasl 5864 morgen. .
Bloat 18 seldom reported from the more arid ranching
_areas of the country because irrigation fecilities are usually
not availadle, and greenfesd pastures are therefore not grown
to any extent. Cases do however ocour, due to the feeding of
lucerne hay especlally in periods of drourht, and due to heavy
concentrate feeding of steers Auring fattening. The experience
of a cert-in rancher at Bandolierskop in the Northern Transvaal
i3 of interest. Due to severe drought in the spring of 1962
veld grasing besame depleted, and lucerne hay feeding had to
be regorted to. A particular batch of exceptionally vod
quelity leafy hay, ;rrown in the Upington dlltriot,causod serious
outbreaks of acute bloat in cattle on this farm.

2. Zhe.lxpa of anlial affsoted.

Acoording to Cole et al (1045) cattle, gheep and goats
and probably all other ruminants are subject to bloat. The
relative susceptibllity of the different species has however
not been determined experimentally. Acocordin: to MoCandlish
(1933), dalry ocows appear to be more susceptible than beef
animals or sheep, and Mead, Cole and Regan (1944) found vorse
bloat amongst dalry oows than amongst sheep under the snrme
feeding oconditions.

Althou:h ocattle apnear to be the specles mainly affected
by bloat in Bouth Africa, there 1s no direct evidence that this
is due to a specles difference. It is more likely due to the
fact that bovines are the predominant apecies in those areas
vhere legume pasturin: is practiced. In fact bloat is Just as
bad in gheep farming areas if legumes are fed. The experience
of one farmer may be quoted as an example. Being a sheep farmer
the lucerne pasture is used mainly for the finishing off of
lambs before sale with the result that bloat ocours remlarly

18/...
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amongst hig sheep. After the lucerne hag been grased down,
his cows are alloved onto the pasture and hardly any ocases

of bloat are encountered amongst these animals. The reverse
is probably true in many of the cattle farmin’ areas. After
the bovines have grazed down the pasture and been sgubjected

to bloat, the sheep are allowed to graze the stubble on which
bloat is not likely to oocur. Apart from this, the best type
of pasture which 18 often bloat provoking, is uaually reserved
for the particular specles or breed of animal which isg the
main farming concern,

However, the faot must be aoknowledge that as a snecies
hovines in general are far less partiocular and oaref:l in their
feedin;; habits than sheep. OCattle consume their feed much fas-
ter and are more inclined to be greedy. Thig mi ht well account
for some difference in the incidence of bloat between the two
specles,

Replies to the questionnaires nearly all state that
high produeing dalry cows, with voracious appetites and greedy
feeding habits are the antimals most commonly Qubjeoted to bloat.
Of the dairy breeds the Friesland and Jersey appear to be moat-
ly affected. It is felt that this is not due to any specifio
difference in susoceptibility of breeds but that the oscurrence
of bloat amongst dlfferent breede depends on the preponderance
or popularity of a bLreed in a certain area.

Animals of all ages are apparently equally susceptible.
Pregnant animals are sometimes regnrded as particularly suscep=
tible. This might be due to an inoreased appetite or due to
individual susce:tibility.

It 15 a wellknown faot that certailn animnln are more
susce..tible to hloat than others. This has been described
by various vorkers (Cols, Mead and Regan (19473), Mead, Cole
and Regan (1944), Guin 1942 and Clark (1950)). Fape, Jroobson
and Cannon (1943) state that dry cows seldom bloat, but that

1
f

1t 1s the milking oow or growing animal with a large appetite

18/...
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thet gorge themselves and bloat. Although Mead, Uole and
Regan (1944) acknowledge the fact that the greater susoepiibi-
11ty of laotating cows, as compared w¥ith dry cows, may be due
to individual differences in food intake caused by {reediness,
they maintain that there are as yet unexplained varlations in
individual susceptibility not dependent on the amount of feed
consuned.

According to Cole g% al (1945) bloat has been reported
to occur on lucerne, varlous speciea of oclover, trefolil, peas
and oabbabe leaves. Although it is not cormon to experience
bloat in animals on grasses, Taylor (1940) in New Zealand re-
ported that bloat may ocour on rye that has been stimilated to
grovw rapldly, and Chman (1938) in Australia states that rapidly
groving cereals may produoe bloas.

Bloat has also been reported on various other feeds.
MoCandlish (1923) found blost in a calf on milk as the sole
diet. Aocording to Mead and Goss (1938) bloat oan ocour in
rnimals fed grain only, and Mead, Cols and Regan {1944) showed
that bloat oan be produced on a ration of rinely ground lucerne
hay and grain, but not on unground hay and grain. Kiok, Gerlauyh
and Schalk (1937) found that steers fed concentrates and forage
started bloating as soon as the concentrates were inoreased
to about 50% or more of the total ration.

Bloat as a result of obstruotion of the ocesophsrus
is wellknown to ooccur on tubers such as chopped beets and
potatoes.

" The following green-feeds are reported to cause bloat
An South Africa: green lucerne, olover (various species)
oats, barley, Italian rye, vheat, oowpeas, chemolier and lush
gre=sn grass such as Kikuyu (Pennisetum olandestinum). Bloat
is also cansed by the feeding of goof quality leafy lucerne
hay especlially if the hay is soaked before feedin_ . Heavy

concentrate feeding either alone or in conjunction with lucerne
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also cause bloat. It 15 a significant fact that it is
usually the exseptionally good quality lueerne hay and the
best type of greenfeed that oause bloat. Some of the best
lucerne hays are produced on farms bordering the Orange River,
especially in the Upin:ton distriet, and many reperts of
bloat on lucerne hay coming from this area have bHeen received.

Uole, Wead and Regan (1943) found that hloat oan be
produced experimentally if lucerne is in the preflowering
stage of growth, orisp and succulent. In order to obtain
gsuocoulence, suffiocient water should be supplied to indunoe

- rapid growth,

Kany of thege obssrvationa are oconfirmed by the re-
rlies to the queationnaires. It is mentioned that dloat ocours
vhen the greenfeed is young and very succulsnt and have crown
rapidly ander irrigation. The bloat proeudin: lucerne is
reported to row mostly on heavy, fertile soils, althousgh
bloat also occurs on lucerne gro&n on other nolls nnd even
under dryland oonditions,

According to one farmer bloat is common on a pasture
oonsisting purely of clover, vhereas blost seldom ococurs on
a mixed grass-vlover pasture. This is in accordance with
the findings of Bell and Brittan (1530), “ho found that bloat
ceaged to be a prodlem vhen clover pastures vere ocovered with
more than S0 of grasses.

8. Jhe Anfluanes.of savirenmankal gondltiond.

It 1s wellknown that bloat oan osour under widely
different environmental conditions. In faot Oole, Measd and
Regan (1943) showed that bloat oan be produced any time of
Year, and under varying environmental oonditions if the lunoerne
1s in the appropriate stage of develépment. In spite of this
it does appear that the indidence of bloat is greater under
oertain environmental oonditions, provided other faotors are

favourable, 18/ see
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From observations at the Grootfontein Gdlloge of
Acrioulture, Turpin and MoKellar (1937) found that frosting
and wilting of lucerne are important factors in dloat and
that the occurrence of bloat 18 associnted with the molsture
oontent of the plant, the stage of (rovth and the type of solil

"4t is .rowvn on.

Moat veterinarians and farmers state that hot and ary
weather accompanied by hot '-inds vhich ocanuse wiltin, 6 ore
conditions vhioh are favourable for the produoction of “loat
on green legumeg., Intermittent rain and hot weather nrobadbly
also oause wiltin:-. Frosted lucerne and lucerne wet with dew
or rain are slso regarded as dangeroua.

In spite of the faot that wetting of legunss by dew
or rain iag often regarded as an important etiolo:iocel faotor,
NoIntosh (1837) reported dloat on lucerne during s period
of severe drought and Cole, Mead and Regen (1943) found thnt
bloat may cocur on lesumes free from external molsgture, A.
possible explanation, given by Cole gk al (1948), for the
occurrence of dloat durin; periods of severes drousht, is
that all other plants except ths lucerne are killed off by
the drouht, and due to the socarcity of feed there is a
greater tendency to pasture the lucerne while younv. They
state that the amount of rainfall urobably affeots the inci-
denoe of bloat by ocontrollin;; the type of plants that will
grov. They cite many examplea where the incidence of hHloat
on clover increased wemendously in times of abnormal rainfall
and attribute this to the faot that wet weather seemg to
favour the growth of clover over that of grasaes. Apart from
the effeot of rninfall on the growth of other plants, exces~
sive rainfall will contribute to the sucoulence of lerumes by
directly promotin; plant growth, and as has deen ghown by
Cole, Mead and Regan (1943) succulence is an important faotor
in the production of dloat.

Espe, Jacobson ana Cannon (194.) believe that external

19/.0.
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molgture such as dew, rein or frost on the plantg, directly
inoreass the possibllity of bdloat by oausin,: the animal to
sat and swallow the forage faster, and by ocuttin; down
salivary seoretion which, acoording to them, increaases the
amount of gas formed in the rumen.

Although frost, heat and wind have repeatedly been
incriminated as etioclogtoal factors, the underlying principles
have not yst been satisfaotoﬂ& sxnlained.

6. Zhe Ixpe of Llaak.

Before one can intelligently disoues acute bloat,
one must accent Wester's classifioation of the ocondition. Re
divided aoute bloat into two distinct types; Ain the one type,
bloat is due to frothing of the ingestr and in the other free
gas 15 found above the ingesta.

Reporta by farmers and veterinarians in this country
indlcate that aoute bloat on legumes 1s ucually of the frothy
type. This faot ia further substantiated by the successful
treatment of most cages of bloat with turpentine or other
antifrothing agents. Apart from other causes, oases of free
gas tympany have elso been re .orted to ocour on lesumes, but
in the present author's opinion most of these cases are dne
to frothing in s ite of the fact that a certain amount of free
SR8 escapes vhen g troocar or stomach tube is ingerted. This
matter will be disoussed at length in the chapter deeling
*Ath experimental results.

20/...
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Acocordin;: to Cole, Mead and Kleiber (1942), uhe oom-
position of the ruminsl ases does not vary markedly with
different feeds. The folloving fijures are taken from thelr

publicationt

Feed Averace Average Average Average other
luocerne hay 62.3 2.5 22.4 1°.8
green lucer- 68,0 1.8 22.5 7.9
ne
lucerne hay 70.8 1.4 17.1 10.8
and grain

They also oonfirmed the work of Washburn and Brody (1937)
who showed that the composition of runinal gases varles more
ith the time interval after feeding than with the ration.
According to the latter workers, the average oarbon dioxide
content of ruminal gases for the first five howrs after fee-
dinc is 805, Thie deoreasses to from 10X to 28% et 15 to 23
hours after feedin;. The percentage of methnne remains
approximately oconstant, vhereas the peroentage of oxygen and
nitrogen rise as that of ocarbon dioxide deoreases.

The most recent figures by Kleiber, Cole and Mead
(1943), on the composition of ruminal gases of ocows on lu-
cerne pasture are the folloving: Co2 6753 CH4 28%; N2 and
H2 7%; R28 .1% and leas than 1% 02. The oemposition of
ruminal gases of bloated animals, as determined Wy Olson
(cited by Cole, Mead and Xleiber (1942)) apoarently does
not differ markedly from the normal.

Dougherty (1941 and 1942) formd larse amounts of
hydrogen sulfide (.1 to .7 vols. £) in rminal ~as and
ingzesta of animals that died of bloat. Thr hydroren sulfide

oontent of ruminal ingeata was found to increase with the

feeding of bloat provokin: feode, such as good qnality luocerne
21/...
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hay, green luoerne and clover. Dougherty nlso reported the
presence of oarbon monoxide in oongentratiens up to 178
in ruminnl gas of norm~l sanimalsa, tut found no ~orrelation
between cerbon monoxide variations and feed changies.

Olson (1944) also found that ocardbon monoxide and
hydrogen sulfide are present in the ruminal zases of normal
aninals and that the hydrogen sulfide conecentration is greatly
inoreased in ocases of bloat. Kleiber, Cole and Mead (1943)
hovever found no signifiocant difference in the hydrogen sul-
rfide oontent of ruminal geses from bloated and nonbloated
aninales on the same pasture.

1. Ihe.dourgees.of Garbon Dioxidse.

The oarhon dloxide in ruminal gas is derived larpgely
fron fermentation of carbahydrates, espeolally sugars. Mar-
koff (1911) found that when sugar was added to fermenting
runinal ingesta in vitro, the rate of carbon dloxide ~roduo-
tion inoreased markedly. Quin (1943) showed that large amounte
of gae, presumably oarbon dioxide, are rapidly formed in the
runen from fermentation or oxidative assimilation of aupers
by pseudo veast cells and 1odophylic bacteria. This rapid

' gas formation does not follow the introduction of atarach,
c*llulose, protein or fats into the rumen. Cole gt al (1945)
hovever atate that there is an unlimited number of orpanie
substanoes from which mioro~organisms can produse carbon
dioxide.

Another goirce of oarbon dioxide in the rumen is from
the bioarbonate in swalloved salivr. Cole g% gl (1945) atate
that saliva can only be a source of ocarbon dioxide Lif the
ruminal pH 18 below 8.9. Sinoce Phillipeon (1942) showed
that the pH of the ruminal ingesta beoomes acid after feeding,
due to the formation of orgsnic acids, it 1a obvions that
saliva 18 a potential source of oarbon dloxide.

2. Zhe Bourqas ol Methans.

Vheihl oarbon dioxide formation is usually rapid under

aerobioc conditions, methane nroduotion 1s slevw and sontinuoua
22/00.
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under anaerobic conditions. Tappeiner (1882) showed that
cellulose ig a source of methane in the rumen. Kellner and
Xéhler (1900) however found that not only oellulose but also
sugars and starches ocaused an increase in methane produotion,
vhen added to a maintenance ration.

The merin sowrce of methane appears to be carbohydrates,
although Kluyver (1931) sug;eats that a great varliety of organic
compounds sre capctble of producing methane on fermentrtlion.

Acoording to Barker (1936) and van Niel (1943) mioroe-
organisme oan reauce oarbon dioxide to metlmne by oxidising
hydrogen or compounds which serve as nydrozen donors. A small
arount of methane present in ruminal gas may therefore also
be derived from carhon dloxide.

. Ihe ieuross of othar Jesss.

Aocscording to %Woods and Clifton {(olted by Cole g} al
(1946)) ths soursce of hydrogen in bacterial fermentations 1s
carbohydrates. The entrance of atmoapheric air during the
process of swallowing is mentioned by Cole gt 3l (1945) as
one of the souroes of free nitrogen ani oxygen in the rumen.
dJome oxygen and nitrogen ocan apparently also <iffuse into
the runmen from the blood.

Hydrogen sulfids is derived from sulphur oonteining
organic compounds such as protsins which are present in large
amounts in the leaves of legumes (Cole gt al (1945)).

4. Fsggora affectin;: the rate of gagtogz.&;on.
As already stated excesszsive gas formation is not the

baslic cause of acute bloat when the eructation mechanigm is

normal., Nevertheless the rate of gas formation must obviously

play an important role when elimination is ineffiolent.
Various vorkers have shown that feeds, hich usually

cause bloat, do not produce more gas than fesds not usually

assooiated with bloat. (Washburn and Brody {(1937), Cole,

Mead and Kleiber (1942), Jacobson, Espe and Cannon (1048)

and Quin (1943)). In faot Cole, Mead and Kleiber (1942)

found that green lucerne forms less gas than lucerne hay and
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oconcentrates.

quin (1942) attribute rapld gas formation shortly
after feeding to the presencs of sugars in the feed, whioh
is sublect to rapld feranentation by pseudo yeast ocells. The
gas formation reaches its peak within half to one and a
half hours and then steadily declines. Ha states that the
quantity of gas evolvas during thie perlods is in dlireot
proportion to the sugar content of the plant. Juin also found
that the sugar content of lucerne varies under different
conditions and is highest in the afternoon when bloat usually
ocnurs. MeAnnally (1943) also shoved that gas formation is
stimmlated by the a-dition of sugars to fermentin: ruminal
ingesta, Quin further showed that fermentation and gas for-
mation s slov vhen the yeast cells in the rumen are dsstroyed
by chemical substances or starvetion of the animgl, This is
in a~cordsance with the findings of Glark (16468) +ho ghowed a
signifiocant oorrelation between the number of yeast cells preseni
in ruminal ingesta and the volume of gas evolved.

Jacobson, Espe and Cannon (1942) found that the
A0 YiLrao rate of fermentation of ruminsl ingeata was not
significantly affected by changes in diiution, tenperature
and pH in the ranges normally ocourring in tha rumen, or

by sodium chloride in amounts oomparable to that which animala

conld tolerate in their drinking water. Clark (1548) showed
that turpentine and certain proprietary ooaltar preparations
heve 11ttle or no inhibitory effect on gas formation when
added to fermentin;; ruminel ingesta in therapeutio oconocen-
tration.,

The amount of feed oconsumed hrs a decided influence
on the rate of gas formation. (Quin (1943), Washburn and
Brody (1937) and Cole, Mead and Kleiber (1942)). The latter
orkers found thnt elven litres of gas were produged over a
five hour perioad after th; consumption of 4 1be. lucerne hay,
vhereas 77 litres of gas werse produced when £5 lba. ware oon-

sumed. This is glven as an explsnation why greedy feeders and
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1actatin: animals are mors subjeat to bloat than poor feedsrs
or dry cows. However as pointed out by Mead, Cole and Regan
(1944), the ocrurrence of bloat sanmnot always bde correlated

with the amonnt of fe2sd consumed.
5. The sliminstion of Gas from the Rumen,

The maln avenue of essape of gas from the rumen 1s via
the oesophagus by means of the speocifio reflex 353 of ernota~
tion, ¥%11d (1213) concluded that srustation 1s a normal and
absolutely nececsary process in ruminants in order to rid the
rumen of accumulated gases.

'Although bloat hae been investipgeted all over the
world, very little 1g actually known about the eruotation
reflex and the faoctors “hich may affect 1t. Thias fact is
acknowledged by Clark (19048).

dince the nodern conoantion of hloet 18 that 1t is
due to faulty elimination and not to excess gas formation,
the ntud& of bloat turns largely on a study of the eructation
reflex and the factors affeocting 1t. As this forms the besis
of the present 'rork, the literaturs nerteining to this reflex
will be fully dlgcussed in the gubsequent sections.

Eruotation 18 hovever not the only method of expelling
gas. Large amount of oarbon dioxtide and pocribly also nethane,
diffuses through the rumen wall into the oironlation end are
expired. Dougherty (1940) founc inorersed respirntions during
carbon dioxide insufflation into the rumen. The hyperncea
which i1a notloeable during active fermentation after feeding,
is undoubtedly due to stimulation of the respirztory centre
by absorbed carbon dioxide. Although the rate of aarbon dio-
xide diffusion is not known, Zuntz g% gl (cited by Cole gk al
(1945)) noted that the oarbon dloxide-methans ratio of ruminsl
inpgesta fermenting in vitro is from 3:1 to 711, vhereas gas
samples taken direotly from the rumen a few hours after feeding
had about the same perssntage of oarbon dioxide as of methane.
Thege differences led them to conolude thet large amounts of

carbon dioxide are aotually transferred to the blood.
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Citing the work of Boycott and Uawant, Uukes (1942)
states that apparently at least ten per cent of the total
amount of sarbon dioxide in expired air is derived from the
alimentary oanal.

sinoce any oarbon dioxide which is absorbed into the
blood~-stream must necessarily affeot the COo-combining power
of the blood, the following relevant experiment was oconducted,
in order to obtain information on the extent of oarbon dioxide
transferenoce.

Four Merino sheep with permanent fistulae were used,
The fistulae were sealed to ensgsure minimum leakage of gas.
Blood was collected under oil, before and after feeding, for
determinations of the Cup-combining power by Van 3lyke's
method. Hamples of ruminal ingesta were also oollscted before
and after feeding for determination of pd. The animéla were

fed good quality lucerne hay. The results are given in

rﬂbl. I .
Iakle l.
H H
sheep No, ¢ Before feeding ¢ One hour after fesdinsg
H i
t ¢t Alknald s T Alknll
! Ruminel pH.t Heserve ! luminal pM.! TReserve
t 3 H H
t H : $
1 t 7.0 H 72 H 8,35 H 67
2 H 6.8 H 71 : 6.30 ! 63
3 t 6.6 H 71 ! 6.70 H 63
4 s 6.7 H 67 H 8.25 H 62
H 1 H <

The results ahow a declded reduotion in the CO,~oombin-
in; power of the blood one hour after feedin;. Thr change in
ruminal pH to the aocld side indicater that ferrcntotion was
active. |

Although abaorbed organic acids may be »nrtly reesponsi=-
ble for the drop in the alkali reserve of the blood 1t is felt
that 1t 18 meinly oarbon dioxide whioh is responsible for this

reduction,
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Fit. 1.
Apperatus used for forced air ingufflation and direct riminal

recording.
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In order to prove this astatement the follovwin; experi-
ment was made: Two of the above-mentioned sheep vare starved
overnight and blood-samples under oll were then oollected for
a determination of the nlkall reserve.

Twenty litres ocarbon dioxide wvas then insufflated into
the rumen of each sheep at the rate of one litre per minute,
(For a desoription of the apparatus and technique of insuffle-
+10on refer to the sestion dealing with experimental procedures).
Erustation waa entireiy effiolent in both snimaln as runinal
distention falled to ooour. Hyperpnoea commenced approximate-
1y three minutes after insufflation was started, Blood-anmples
were again taken during introduction of the last five litresn
of ocarbon dioxide.

The results are given in Table 2,

Zable 2.
s 1
sheep No. : Before COg-insufflation : After insufflation of

H H 16 - 20 1litres COp.
; ; —— ——
H Alknll Resgerve H Alkall Reserve
: $

1 : 74 : 67

2 H 78 : 85
: —— _ ‘;‘

The results clearly ghow that carbon dloxide 1s absorbed
from the rumen and markedly influences the coz-oomhining pover
of the blood. One ocan therefore conoclude that the rednction
in the alkall regerve found after freding was nainly due to
absorbed carbon dioxide.

27/0..
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The experiments wers carried out at the Onderstepoort
Veterinary Research Inatitute. Ei-ht full-grown nmerino sheep,
twvo adult goats, and two youn: Friesglani-cross “Sovines, with
permanent runinal fistulae, were used. The sheep were seleo-
ted at random from a team of fistulae sheep kept at the
Institute for a number of years. They vere numbered from
1 to 8. In adaition to the ordinary rumen fistulae, sheep
No. 7 was provided with a ocaecal fistula and sheep Yo. 8
vith an abomasal fistula. (For a full desoription of opera-
ting techniques ses appendix 2.)

buring an experimental period the animals were kept
in individual under-roof pens where feed and water consummtion
oould be detersmined, otherwise they were allowed into an open
paddook for exercise. Good quality lucerne hay wag usually
fod pd, Jih. to these animals except if otherwise gtated.

In a few of these experiments green lucerne, growvn at the
station, was either pastured or out and fed g4, 1ib. YWater
was constantly available exoept in a few instances mentioned
in the text,

Zschndaus:

Due to the diffioulty in reproducin:, natural bloat
without the omplication of frothiness, the method of foroced
air insufflation and direot ruminal recording was used to
study the mechaniocs of the eruotation reflex and faotors
affeoting 1t. A slight modification of the method desoribed
by Clark (1950) was used. PFip I illustrates the apparatus.

The alr in the 20 litre aspirator bottles (A), was
displaced by water from the mains and forced inte the ruminal
mass through a 8° lon: gas inlet (B), with a perforated tip,
which passed through an airtisht ocork in the figtuls,. Another.
short tube, passing only throuch the cork sealinc the figtula
opening, vas connested to an ordinary membrane tamhour (C),

which direotly recorded the pressure ochanges in the rumen in
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general and of the left dorsal sac in partiocular, on a
kymsograph. In the sheep and goata air was introduced at the
rate of approximately one litre per nminuts in some cagea and
one litre per three or four minutes in other oases. Each
1itre of air was marked by the ginal (D), The rate of
introduction of alr does not appear to affect the iagsue; the
fagter rate of introduction beiny employed on osoasion hecause
of the greater ease of evaluating the efficlenay of eruotation.
In the case of the bovines, alr wes usually introduced at the
rate of approximately three litres per minute,

In order to eliminate the complication of frothiness
of the ruminal ingesta, vhen bubbling air throuch 1t, a
proprietary anti-frothing agent (Cooper and lNenhews or I.C.I.)
(Clark 1950) was dosed as a routine prior to the introduction
of 2ir into the rumen, exoept in those ocases in vhich frothi-
neags itself was the subject of investigntion.

Retioular recordings were obtained by inserting a
flexible coper tube (3/16th inch diam.), with a balloon
attached to one end into the retioculum, through an extra
opening in the ruminnl fistula stopper. After aome nractice
it vag quite eagy to direot the balloon into the retioculum.
The aninal ucsually started ruminating when the balloon was
in the proper position. The other end of the tube protruding
through the fistula cork was oconnected to one arm of a water
manometer. After inflation of the balloon, the other arm
of the manometer was connected to a memhrane tambowr, adjug-
ted to reoord on a kymograph synchronously with the ruminal re-
cording, Recordings of oaeceal and abomasal motllity were
obtained in a similar manner.

The additional apparatus depiated in fig. I, shows the
method that was used for recording the adbomasum or ocaecum
after distention of the organ 'rith either saline or air. An.
aspirator bottle (E) was connected directly to the abomasal
fistula (G). By meana of a T. plece (P) the fistula vas also
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.oonnected to one arm of a water manometer (H). The other arm
of the manometer was connected to a tambour which recorded
abomasal pressure simultaneously vith ruminal peessure. Ssline
wags run by gravity froa the aspirator bottle into the abomaswm
or oaecum. If air wasg used, this was foroed in by water
presasure in exaotly the same way as the rumen was insufflated.
burin;: recordin;:s the animals were restrained in speocially
oonstructed stooks.

The pH of ruminal and abomasal ingesta were taken with
& glass-eleotrode pH-meter immediately after withdrawal from
the animal. The alkall ressrve of the blood was determined
by the biochemioal section using van Slyke's method., The
animals were bled from the jugular vein and the blood collected
under oil. The operation for abdominal vagotomy nerformed on
the two goats, 1s deascribed in appendix 2.

In the experiments on froth formation the appar@tul
deplcted in fig., 2 was deviged in order to determine the
oonslstency of ruminal ingeata. This consists of 2 mercury-
filled bulb (A), welghing 16.9 prams, attached to a thin rod.
A 8silk thread conneots the rod with the scale pan (B) onto
wvhich a pointer arm is attached. The thread is passed over
tvo pulleys on a crossbar wvhich is fixed to an ordinary retort
stand. A 200 o,c. teat tube with an inslde diameter exceeding
that of the bulb by at least 1 cm. (C0) is olamped into position
to recelve the glass bulb,

With the bulb at the bottom of the test tube and the
pointer arm omosite a zero mark (D),Athe tihe 1a filled with
runinal ingesta. SBuffiolent weights are then placed on the
soale pan to ocause the bulb to be drawn throu: h the column
of ingeata, the fixed Aistance of 18.7 oms. (D to E) in
approximately three seconds. The consistenoy index is thus

obtained by multiplying the weight required by the actual
time taken. |

0/ eee
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Apparatus for determination of the consistency of ruminal ingcesta,
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There appeared to be no signifiocant difference in the
oonsiatency of frothy ingesta before or after the addition
of an anti-=frothing agent sufficient to break the froth,

For the experiments on frothy bloat the same fiastula-
sheep, mentioned above, were used. Representative samples
of ingesta were removed from the rumen, vhen required, by
meang of a hand-operated vacuum pump supplied with a tesp,

A wide-=bore glass tube, connected to the trap by means of
rubber tubing, was introduced into the rumen via the fistula
and oconstantly moved about when suction was applied.

For the same experiments on cattle a group of stable-
fed bovines, consiating of three Friesland heifers, one
Friesland ocovw, one Hereford heifer and two young Friesland
bulls were used. Since the animals were not provided 'ith
flstulae, trooarisation wae resorted to wvhenever gamples of
ruminal ingesta were required for examination. The animals
suffered no ill-effects from this proocedure, and gubsequent
olinical examinations showed that ruminsl motility was un-
affected,
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The oesopharus enters the rumino-retiocular sac at a
level oonsiderably below the dorsal limit of the rumen (8isson
1038), To quote from Cole et al (1948): “This structursl
arrangsments would anvear to offer oconsiderable interference
with the freedom of movement of gas to the oesophagus.”

The followin;; conditions are, therefore, considered
essential before eructation can take place. (as accirmulated
in the dorsal sac of the rumen must be moved forward and
Jdauniarda to reach the cardia. This has beesn postulated by
Amadon (oclted by Cole at al, (1945) and Clark (1948)). The
seoond essential factor is that the cardia must be patent
and olear of any obstaucting ingesta. Thirdly, the oesophagus
musit be patent and relaxed for the free passage of gas. It
is evident, therefore, that eruotation is an aoctive é.nd
co~ordinated reflex, mainly invelving the ruminal mmsoulature,

Moat investigators (Wester (1935); Hofland (1940);
Douzherty (1942); Cole, Head and Klelber (1942); Head, Cole
and Regan (1944); Cole gt gl (1046); Clark (194¢) :nd Evans
and Evans (1948)) have associated eruotation with active rumen
motility, in the absence of which erixotation ia sugpended. The
oysle of ruminal ocontractions has been studled by Cgzepa and
8t1:ler (1926), Magee {1932) and Phillivson (1979) by means
of X-rays. Wester (olted by Csepa and 8t1-ler (1926)) and
Schalk and Amadon (1928) have recorded ruminal motility throuch
permanent ruminal fistulae. The main outcome of these extensive

| investigations in relation to the present study, is that |
ruminal aontraotions oan be divided into two types: (1) A
backward movin: oyole of oontractions, involving a two-stage
oontraction of the retioculum, immediately followed By a ocontrae-
tion of the left dorsal and right ventral gacs, and then a

2/
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pauge of varying length; (2) a forward movin: ruminal oon-
traotion startinz at the posterior dorsal blind sac, followed
by another pause of varying length,

Veoter (19738) and Hofland (1040) have reported fronm
their observations that eructation ocsurs in conhmotion
with a return movement or antipersistzltic wave vhioh follows
on the backward rumen contraoction.

In order to oonfirm the obscrvations of Yester amd
Rofland on the direction of the two types of rumen oontrao-
tiona, the followinc variation of the method described was
employed. Tvo flexible tudbes, with balloons attached to the
ends, wers inserted through two holes in the prescure stopper
sealing the fistula opening. One balloon was Aireocted to
the region of the cardia and the other to the posterior
part of the left dorsal sac of the rumen. Each balloon was
conn-oted %o a recording tanbour, The usual gas inlet wvith
1ts connections was passed throuph a third openin~ in the
Tistula stoprer. ALr was introduced into the rmmen at the
rate of one litre per three minutes, in order to recocnige
the ruminal ocontraotion at which eruotation osours. Thig
can be readlly identiftied as a marked drop in intraruminal
pressure coinciding with a speocifioc rumen eontraction.

By observing and comparing the time at vhich the
anterior belloon reapondei to pressure changes in relation
to the reasponse of the posterior belloon, it was found that,
wvith the ordinary rumen osontraction, the anterior balloon
responded bhefore the posterior, vhilgt with the rumen contrao-
tion which ocoinclides with eruotation, the poaterior balloon
responded before the snterior. This indiocatec that the aruo-
tation contraction moves from behind forwards with the objeat
of moving the gas bubble in the dorsal sac forward and Aowne
vards tovards the ocardia. The ordinary rumen ocontraction,
esaential for the mixing of the ingeata, 1s a wave in the

WCA..
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opposite direction. Tracings of normal sructation in sheep
and ocattle are pressnted in Pign, 3 and 4. Eruotation results
in a sharp drop in intraruminal pressurs and ocours at the
height of each eruotetion oconiraction, whish frequently fol-
lows immediately on a backwari scontrastion. Phillipson (1939)
has observed that ruminal contractions follow a definlte
rhythm in relation to retiscular oontractions and that the
rhythm cen ochange from one tyoe to another, without any appa-
rent rearon. It is evident from the tracings that not every
backward contraoction is followed by an sructation movement,
These may ocour after every bLaokward movement (111 rhythm)
or after every alternate one (Z:1 rhythm). It 1a also evident
from ghe tracings that this rhythm orn ohange as a resvult
of a pressure stimulug. This will dbe disonssed in the part
dealing with the inltlation of the reflsx. The varying rhythm
of ruminal contractions, mentloned by Phillipson, would thers-
fore depend on the presence or absence oY eruotation contrac-
tiona.

The interval between the baskward and forvard ™mmen
ocontractions is variable, In most cases the eructation ocon-
traction follows within 10 to 15 seoconds after a baockward

oontraction, althouzh intervals of up to 60 seconds were re-

corded on ocoasions.

(®) Ihe fele of the gardise orifice.

Although Cole g% al (1845) have sugmested the failure
of a hypothetiocal cardiac sphineter to relax as n possible
cause of bloat, there is no anatomioal or histolorical evi-
denoe of a true sphinstsr of the oardias orifics. Aggarzottl
(1910) believed that the orifice was normally relaxed becausse,
vhen a sheep was plaoced on its baek with the head downwards,
some ruminal contents leaked into ths mouth at each inspira-
tion, On the other hand, 3tigler (1931) palpated the oardla
and found 1t usually closed. In the present autnor's opinion

the cardia is kept closed, not so muoch by tonlc ocontraction

of 1ts own musoulature, but more by externa) pressure ®Xerted
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Normal &ruciation in the Rovine on a Non-roughage diet

+
Note : Normal motility (rhythm 2:1) with
regurgitation and efficient eructation
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Normal &ruciation in Sheep.

‘Time 1n min s . ‘ i " . . . . . . i i i
A-B - Normal motility ; rhythm 2:1  B-C: Introduction of air ; rhythm 1:1
CD : Return fo normal; rhythm 2:!
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by surroundin; orgaens on the orifioce itself and on the abdo-
minal pertion of the cesophagnus. This would expl-in the
partial patency when the animal vas inverted, noted by Arinze
zottl.

In their review Cole ef gl (1945) state that in
Wester's opinion the opening of the oesopharus denends on
the atrength of the ruminal contraction, more particularly
on the contrsction of the "transverse folds". The review also
statee that Aradon and Petweller palpated the cardir at the
morment of seructation vhen they found 1t widely dilated and
funnel-ghaned, They concluded this wag due to muscular cone
traction, but the muscles involved are not stated. Active
dilation of the cardia could only be drought about by muscles
surrounding the orifice, i.e. rumen musculature.

As Yegter's ori inal publiocation ia not avallable,
it 1s difficult to understsand vhat 1es meant by the "transverse
folds". In the present author's opinion the oardiac orifice
is pulled open at the moment of eructation by oontraction
of the medial and lateral pillars of the rumino - retioulsr
fold. Thege are desoribed by Sisson (1938) as follows: “The
lateral part of the fold fades out an insh or twvo laterel to
and behind the cardia. The medial part of the fold ends just
behind the retionlar groove and about three inches below the
level of the cardia"., As will be secen a shorterning of thege
rillars would tend to pull the ocardia open to the !funnel shrne!
desoribed above.

A strong contraction of these pillars of the rumino-
reticular fold, with the oblesct of dllating the oardin, i
oongidered an intapral part of the forward eructation roll
of the rumen and occurs at the momen$ the free gas is over
the oardiac orifice. ‘

Prom clinlocal observations, Clark (1950) poatulnted
that excess ruminal pressure interfered mechanically with the
act of eructation. Nichols (1951) found that when gas was
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introduced into a rumcn already overloadsd with fluid, belche
in: took place for a time and then falled. He remarks that
further investigations are reguired into the motility of the
rumen under such conditicna. The present author oonsiders
that the overloadinp interfered with the efficliency of
eructation {(vide infra) and that *‘he riging pressure ulti-
nately ocaused mechanical ologure of the ocardia. Truclngs
made from animplas with exoessive ruminal pressure and fallure
of eructation have clearly shown that the eructation oon-
tractions of the rumen are still powerful and rezular. B8i-
milarly, olinicsl examination of animals with acute dloat
has proved the rumen to be highly active. Wester (oilted by
Cole gt al 1945) notsd that there is hypar-motility of the
rumen in the early stagzes of aoute bloat.

During numerous insuffiation experiments &t has heen
noted that, under a piven get of conditions, eructation
efficiency is invergely proportional to intraruminal pressure.
A study of the anatomioal rselations of the sardinc region
suggests an explanation of this interference. It is suggested
that, with a high intraruninal pressure, the anterior dorsal
sac bulges over and presses on the ocardiac orifice and ab-
iominal portion of the ocuophagus, thus causing a meshanioal
closure. This pressure will be gounteracted by the pull of
the ruminal folds desoribed above. The efficlency of the
cardlac dilation will, thersfore, depend on the relation
between intraruminal pressure and the strencth of the rminal
ocontractions.

(0) dhg.rele.ol zie retigulum An tis erugtation reflex.

The imp-rtance of the reticulus in the complex ernota-
tion reflex has not yet been fully.aeacssed. It has been
mentioned that the seocond requisite fastor for erunatation
1s that the cardia must be freed of obstruoting ingegta. In
a normally full rumen the level of ingeata lies above the
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cardiac orifice. (Magee 1232). The X-ray photo:rephs repro-
duced in rfig. 5 was taken from a sheep with a nornally full
rumen after feeding. A barium filled rubber tube was intro-
duced into the rumen to mark the entrance of the oesophagus.
As oan be secen the oardiac orifice lies well below the level
of ingesta in the rumen, For efficlent eructation to take
plage some mechaniem must come into play which lowers the
level of fluld in the anterior rumen belovw that of the cardis,
Amadon (oclted by Cole g ol 1945) hes reported thnt the di-
lation of the retioculum which acoompaniea ruminal contraction,
lovere the flui< level in the anterior rumen, so thrt the
cardiac orifice 1a unobstrudted for the free pasnaze of gas.
The present suthor is in full agreeaxent with thicz view, The
slmultaneons recording of ruminal andi retiocular contractions,
{1lustrated in fi;. 6, clearly shows the dilatation which
acoomphnida eruotation. The importance of this dilateation in
losering the fluld level and permitting efficient erustation
will become evident when dealin; with the faotors affecting
the eructation reflex.

In order further to confirm this hypothesis, sheep
No. 13 vas deprived of a functionin: retioulum by operative
invagination and guturing of the orgsn, thus obliteratin: the
lumen. Before the operation eructation and ruminal motility
wvere found to be normal on a full rumen after feedinrs. The
degree of rumen filling was roughly determined by the re-
moval of 3% litres of fluid rumen contents.

Food and water oconsumption was very lo'r after the
operation and the rumen was obviously relatively empty ‘+hen
recordings were taken on the eixth post-operative day. The
degres of rumen f1lling was again roughly deternined by the
removal of 2! litres of fluld, FKruotation efficiency vas then
found to be normrl. Replacement of the 2} 1itres ruminel
contents reduced the efiiciency of eructation slichtly, but
the further addition of one litre of wanter mar¥edly interfered

/e
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E1g. 5(b).
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Che Réle of the Reticulum in the
Eructation reflex

A : Ruminal Motility . x = eructation contrachon

B : Retficular Mctility . ¢ - dilatation of reficulum
coinciding with eructation

© University of Pretoria pigitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



i

ﬂ'@ UNIVERSITEIT VAN PRETORIA
@, UNIVERSITY OF PRETORIA
A 4

YUNIBESITHI YA PRETORIA

The Effect of Rumen Filling and Posture on &ructation Efficiency in Sheep.

Interference with &ruclation by the addition of Zlitres water
lo the rumen.
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Eruclation Efficiency markedly reduced by raising hindquarters .
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with the reflex. It would thus appear that, at approxinately
the same depree of rumen filling (3} litres), eructation
effioclency vas markedly reduced in the abgenoce of a functional
retionlum.

The anima)l also appeared to be more then normally
auaooptlblc to elevation of the hindquarters. Ralging the
hindquarters 182 ragnlted in marked interference with eructa-
tion sfficlency, whereas normal sheep with approximately the
same depree of runen fillin; shov no effect on 15° elevation.
The effeats of poaturs will be discussed later.

(D) Ihe dnitintion.of the reflax.

Agoordin; to Cole et al (1948) eruoctation is a reflex
rather than a voluntary act because involuntary mmscles are
involved in the process. DBeing oonsidered as a reflex, one
must neocessarily think in ternms of a reflex ars, oonsisting
of resoeptors, nerves, the oco-ordinating centre and the effe-
rent motor nerves, which has been shown to bde the varl.
(Ellenberger (oited by Cole gt al (1948)), Yanrol? and Xlein
(1927) and Horflund (1940)).

VWegter observed that eructation could occowr in an
animal with an open ruminal fistula, thus concludin: that an
increase in intraruminal nressure is not easential to ini-
tiate the reflex. Stalfora (19268), however, believed that
gas pregsure is an important stilus for the reflex and
postulated that nressure may be exerted in certain narts of
the rumen in gpite of an open fistula.

Hoflund (1940) observed that the eructation contrace
tlons beoame 1rre ular and reduced in rate on starwvntion,
but during active fermentation, after feeding, they becane
re nlar with extra eruotations at interveln,

vourherty (1942) showed that by increasin inipa-
ruminal pressure by the ingsufflation of verious greea, egne-
oilally oxygsn, ruminael motility was markedly stirulated even
after total paralysis ocaused by atropine. Nichols (1051)
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algo reported that insufflntion of the rumen increased bel-
ching.

vuring experiments with the artifioial introduction
of air into sheep, 1t hns constantly been observed that an
inoreade in intraruminal pressire stimulsates eructation con-
tractiona. After a period of fasting, a runminal rhythm of ftwo
to four backward con%ractions %o every one forward eruotation
gontraction was often observed. The introdnction of alr under
these conditions markedly changed the rhytim of ruminal ocon-
tractions bringing more regular eructation movements into play,
often with extra eructations interposed. A rhythm of 2:1 to
4:1 has »ften been obaerved to shange to a rhytha of 1:1 er
even 112 on Aintroduotion of alr, The sane effeoct is produced
by feeding. An animal exhiditing a rhytha of 2:1 hefore feeding
will shov a rhytim of 111 and 112 after feeding, i.e. during
active farmentation. This i3 most pronounced after feeding
greesn luserns or luoerns hay which are known to produce largs
amounts of gne.

Bovines oan handle far greater amounts of air at
a faster rate than sheep. It has besn found that bovines
usually exhibit a 2:1 rhythm, even during air insufflation,
The rhytha has been noticed to ohangt, hovever, in some ocases,
to 1!1 if intraruminal pressure rose above atmospherio.

In experiments on shesp which will be desoribed later,
a total paralysis of the rumen was brou:ht sbout by dosing
either sodium ocarbonate or potassium cyanide. Introduotion
of alr into the rumen caused an inorease in intra ruminal
pressure vhich stimulated the eructation reflex so that for-
wvard eructation contractions reappeared rhyt¥hmically althsugh
backward rumsn contractions remained inhitdted., The rate
of thege cructation contracticons was obssrved to he nerkedly
inoreased especially if eruoctation was inefficlient with con=
sequent gudtained high intraruminal pressure,

The traolng presented in Fiz. 3 showvs the shange o?
rhythm from 2:1 before insufilation (& to B) to 111 during
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inaufflation (B to C) with return to the original 2:1 rhythn
after the introduction of alr was stopped (C to D).

The suggestion of Btalfors (1926) that pressure in
any part of the rumen mny initiate the reflex, suprested that
receptors in the posterior dorsal bHlind sac might be more
senasitive to preasure gtimull than those elsevhere in the
rumen, eince it is here that the forward movin; eruotation
oontraction has its origin.

Obgervations on the effect of posture of thr animal
have stre: thoned this theory. A ruminal rhythm of 2t1 chan-
ged to 1:1 durin: eir insufflation 'ith the animsl standing
level. 'With,the forequarters rrised 1t renained at 2:1 in
spite of alr insufflation. In this position pressure was dbeing
axerted mninly in the anterior dorsal part of the rumen, With
the hindquarters raised pregsure was exerted mainly in the
posterior asac and the rhythm changed to 1:1 with very frequent
extra eructation contraotions. (The tracing s presented in Pir.
8 1llustrate thage results.)

It would therefore appear thnt an increase in intra-
ruminal pressure, especially in the posterior dorsal bhlind
sac, 1s the main stimulus for the eructation reflex. The
inoreaged rate of ruminal ocontractions caused by oxyren
insufflation, reported by Dougherty'(1940), wag pregumahly
caused by an increase in thé¢ rate of eructation contractions.

Mend, Oole and Regan (1944)advanced the theory that
the presence of coarse irritatin: material in the rumen
rrovided the stimulus for the eructation reflex and that the
abgence of such material leads to defective eruotation nnd
bloat. Cole, Mead and Hegan (1943) alao reported the exigtence
of a rouch correlation betwveen rumination and eruot~tion and
postulated that both acts were apnarently initiated by the
same stimlua,

Although the "physioal deficiensy" theory of the cause
of bloat is hacked by considerable evidence from oliniocal
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trials, these authors have failed to prove that the ernotetion
reflex itgelf 1s stimulated by coarse rouchapge or that it ina
inhibited by the absence of sugh material. Their susrestion
that turpentine rellieves bloat by stimulating eructation, due
to its irritaent Aotlon, oannot be accented. The adminigtretion
of turnentine has no stimulating action on the eruotntién re-
flex, bmt, as shown by Clark (1948), the benefioial effect of
this drug is due to the breaking of the froth by its surface
tengion action.

In order to test the "physiocel defieienoy" theory,
cne of the bovines was placed on a ration oonsistin: solely of
freshly-cut tops of yohng lucerns. Ulespite the oommlete adb-
sence of coarse material in this feed there was no adverge
sffact on the efficlensy of erustation. The traoln: shown
in Fig. 4 was nade after the animal had been on the purely
succulent diet for one rnonth. As will be seen, erustetion
was entirely effiolent. Ruminal motility and rumination ner-
sisted throuzhout. By chanoce the animal was aotually ruminating
during the experiment recorded in Fig. 4. Remurritation took
place immediately before a backward ruminal movement, and was
acocompanied by a sudden sharp rise in intraruminal preszure
presumadbly caussd by the extra contraction of the reticulum
known to aooompany regurgitation. At various times the experi-
mental sheep were placed on a diet of youn green luoerne for
extended periods, but, apart from mechanical faotors, such as
frothing, interfering wvith the efficiency of eructation, the
reflex mechcnism itself was never found to he inhiblted.

During the insufflation experiments on sheep it has
frequently been found that the experimental animals could
runinate normally, even thourh showing a completely ineffi-
cient erunotation meohanltﬁ. Thie hag been found on various
oocasions, both when ineffiociency of eructation vas assoclated
with the degres of ruminal rfilling, and during total paralysis

of the rumen due to atropine,
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These observations indiocate that there is no common
stimulus for, or correlation between, the two totally different
acts of requrgitation and eructation. Runmination can ocour
indenendently of ruminal or reticular contreotions, *hereas
sructation is entirely dependent on active rumine]l and reti-
cular motility. The presence or abasence of ocoarse roughage
in the rumen does not appear to affeoct the eructation reflex
nor apparently 1e it the stimulus for its initiestion.

As nlready stated, preasure by gas ia considered by
the prolenf author to be the main stimulus for the eructation

raflex.

\ : ) ; \ s} fa¥ ¢ .

It is a well=known faot that certain 1dividual animals
in & herd may bloat repeatedly, whilst others, kent under
similar oonditions, are less affected. In an outhreesk of
bloat on lucerne pasture, one rarely finds all the animals bloa-
t=4. This individual difference in susceptibility has dbeen
obgerved by Cole, Mead and Regan (1943) and Olark (1950). Xnapp
Baker and Phillips (1943) have descrided variations in the oo-
currence of bloat in the steer nrogeny of beef Hhulls, and sug-
gest that these variations are due to a difference in the level
of nervous reaotion amongst the different animals. They have
found a signifioant diffrerence in the number of stesras shoving
excessive bloat between the nprogeny of various bdalls and also
a highly significant difference between proseny groups.

Mead, Cole and Regnn (1944) su;cested that individnal
differcnaes are dus to & shange in rumen activity broucht
ahout by feading concentrates.

During the series of experiments on the eructation
reflex, the eight sheep used as experimental animals showed
marked differences in their ability to eructate., OJome sheep
gonsistently showed low-grade effiolency while other were very
effioient throu hout. A third group ocould be olassified as

2/...
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medium. (Bee Appendix IIB)., This individual variation can

be satisfactorily explained by agocumin: a d4ifference in the
level of narvous reaotion of each animal. As the stimulus

for eructation appears to be gns pressure, any given pressure
wvould thus produce a varied response in oructation oontraotlonq
depending on the thrashold of nervous reacsction. These varia-
tions wonld also apply to the affective opening of the cerdia |
by the contraction of the pillars of the rumino-retioular

fold in sonjunotion with the eruoctation sontraction, The
efficierncy of eructation ic also dependent on retiocular
aotivity to clear the cardia, so that any variation in
effeotive retioular activity aould alsc zccount for individual
differences in aunscedtibility.

The significance of reflex salivation in relation to
froth formation and acute dloat in ruminesnts will be dealt witd
later. It will be shown that rsflex salivation which is stimu-
lated by acoarse material in the rumen,obviates froth formation
and bloat. The amount of saliva secreted therefore also de-
pends on the degree of nervsus reaction of individual animals
and 18 an important faotor together with the rate of feeding
and feeding habits in general in determining individual gsus~
ceptibility to bloat.

As the vhole eruotation reflex and its efricient
functioning dopends_on innate nervous and muscular reactions,
it 18 probable that defeots in the mechanism oan be herecitary.
The work of Knapp and his aesoclates, qroted sbove, is evilence
of the trath of this assertion. Evidencs of a hareditary ten-
dsnoy to “Hloat has also been reported in this country, parti-
cularly amongst a oertain pedigree Friesland herd. (MoFarlans
personal communioation). Hee also Appendix IA No. 7 and IIIA).
For obvious reasons, hovevir, detalls of the breeding records
oould not be obtainsd for publication. Acute bloat 1s merely
an expression of the fact that the e¢ructation ability of the
individval animal hss falled under the prevaliling oircumstances

4%/...
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While we must contime our endeavour to eliminate the factors
which render eructation more diffiocult, a natural ocorollary
is to breed ocattle with innately effiolent reflexss.
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A.
(1)

As the mnin sveaue of escape of gas from the rumen is

via the ossophagus, eny obstruotion of this organ vill natural-
ly interfere mechanically v1th the sructation of free gas.
Outbreakxs of acute Hloat may follow the feading of chopped
tubers, such as beets and potatoes. (Cole gt al) (1948).

The usual sites at hich guch tubers bescme lodred in the
oesophagua are the sntrance to the thornclc cavity snd at

the point where the oesophagua passeg throush the dianphrags.
Apart from the fact that enlarged mediastinal lymphatiec glands
gan cauae chronio bloat by compression of the oesophagus,
slight snlargement of these zlands would favour obstruction by
tubers.

As such oonditions are well-known and have no direot
effect on the reflex as such, they do not require any further
dilscussion,

(2) Ixeshing o Ruminal Ingsasa.

Wester (1935) divided blont into twe types. In the
one fre~ gas is present in the A~rsal gcc of the rumen whereas
in the other the gas il entrayped throughout the ingesta as a
froth, thus preventing eruotrntion. 1In 1943 Quin discussed the
queation of frothing and suggested saponins in the plant as a
cause. OClark (1948, 1950) gsuggested the use of surface iensior
sgents in order to free the gas. Quin, Austin and Rateliff
(1949) desoribed sucoessful olinloal triale with such prapara-
tions.

The formation of froth in thie type of blost interferes
mecheniorlly with both the sruoctation and the absorption of
gas. Eruotation is interfered with in the same manner as

overfilling of the rumen, which will be desoribed later.

45/...
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By adding an anti-frothing agent to a measured
amount of frothy ingesta, the degree of actual frothing can be
determined. It was found that frothing oan increase the total
volume of the ruminal contenta by anything up to 100f. The
rising-up of the ingesta in the form of a froth not only
increases the distance betveen the free gas and the cardia
vhieh progressively encumbers eructation, but aleo diminishes
the amount of free gas which ocan bs eliminated through ab-
sorption.

The basie cause of frothy bdloat which is related to
reflex salivation, is dealt with in seotion IIX.

(3) Zhe dsgres of £illing.of the Rumen and Pogturs.

As already desoribed, the fundamental requisite for
eructation is the movement of the free gas forwards and down-
wards to the oardia. This is sscomplished by both the forward
wave of contraction of the rumen and the relaxation of the
reticulum. As the amount of fluid present in the rumen will
determine the Aistanae between the free gas and the cardiam,
the degree of filling will obviously play an important role in
eructatlon. Elevation of the fore~ or hindquarters alse in-
fluences the relative positions of the free gas and the ocardia
as demonstrated in PFlg. 7.

Although Quin (1943) oould not demonstrate any effect
on the eructation of artificially introduced gas by filling the
rumen anc elevating the hindquarters, Dougherty (1940) has
shown that by pumping water into the rumen and elevating the
hindquarters of the animal so that the fluid level is well _
above the ocardia, belching of introduced air is markedly inter-
fered with.

The folloving relevant experiment, of whioch tracings
are presented in Fig. 8, was conducted. Alr was introduced at
the rate of one litre per three minutes into one of the experi-
mental sheep, three hours after feeding on a ration of 8500 grams
of lucerne hay and grass hay ad 1lh. with available water.

“/‘..
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The Effect of Volume of Ingesia on Eructation Efficiency in
the Bovine.

Increased Efficiency (i-1 Rhythm) after removal of
8 litres ingesta .
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The rumen was regarded as normally full at the start of the
experiment,

A recording of normal efficient eruotation was ob-
tained and is shown in the top traoing. Two litres of water
were then added %o the rumen, the effect of which is shown
in the seocond tracing. Eruotation efficlency was interfered
with as ocan be seen from the rise in pressure and protracted
recovery after alr insuffiation was stopped. The effect of
28° elevation of the forequarsers is shown in the third tra-
eing. It is evident that, in spite of an unaltered degree of
ru&en filling, eructation efficlency was markedly improved.
The initial runinal pressure, though slightly higher as a
result of elevation, was not inoreased by alr insufflation.
The drop in intraruminal pressure coinciding with eruotation
ocontractions is well 1llustrated. The bottom tracing shows
the effect of 28° elevation of the hindquarters. Eruotation
efficiency was markedly reduced compared with vhen the animal
wag standing on the level.

The effect of the degree of filling of the rumen on
erudtation and rumination was clearly shown by the following
obgervations. On a partisular occcasion one of the experimen-
tal sheep showed complete inability so eruatate introduced
ailr despite thé pressnce of normal ruminal motility. During
this period the animal was ruminating regularly. After re-
moval of three litres of ingesta from the rumen, rumination
ceased but eructation was found to be entirely efricient,
Replacement of the ingesta ocaused resumption of rumination
while inefficient eructation reappeared.

Similar results were obtained from one of the bovines
as 1llustrated in Fig. 9.

In view of.the faot that the degree of filling of the
rumen had been shown to play such an important part in the ef-
flolenoy of eructation, 1t was decided to investigate the in-
fluence of water and food intake on the pathogenesis of bloat.

47/. ..
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The Effect of Volume of Ingesta on Eructation Efficiency
in the Bovine .
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Failure of Fruclahion after introduction of further 8litres of water
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In one trial all six experimental sheep were deo-
priiod of water for %4 hours but given luaerne hay,.ﬂ_lgh.
up te the time of recording. The ernctation effisiency of
each animal was then determined after which both water and
food were made available for a period of two hours, the
consumption being recorded. The abdility of the animals to
eructate introduced alr was then agsin tested. The effioiency
of the reflex was found to have decresased in all six ocases
and the degree of decrsass vas proportional to the ocombined
food and water intake. (3ee Appendix 2C).

These resulteg indioate that the time of watering
might play an important rile in the pathogenesis of spon-
taneous bdloat. In several trials groups of normal eattle
and sheep were dsprived of water for 24 hours. Half of the
animals were then offered water g4 lib. before the whole
group wers tuned out onto lucerne pasture. The incidenee
and severity of bloat was sonsiderably higher amongst the
watered groups than amongst the controls. (See Appendix
2D and E),

Vatering immediately before pasturing may there-
fore render the animals more susgeptible to dloat, espe-
olally Af water has not been avallable for some time pre-
viously. The well-known association between rapid greedy
feeding and hoven may aleo, in many oases, be mttridbutable
to overloading, although as pointed out by Nead gt gl (1944)
the incidence of bloat cannot always be correlated with the
consunption of feed.

B. IHE BEFECT. OF ALKALQ:L:-

Clark and Lombard (1951) showed that the administra-
tion of alkall, whether dosed into the rumen or injeoted
intravenously, caused ruminal paralysis. This effect was
shown to be of central origin and presumably due to alkalosis.
Consequently 1t was deoided to investigate the effeot of alka-

losls on the eructation reflex.

© University of Pretoria pigitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



By giving graded doses of sodium carbonate per
ruminal fistula 4t was found that the two types of ruminal
movements were not equally affected. (See Appendix 2F and G).
The backward moving contraciion was reduced in strength first
and could even be entirsely inhibited, while the eructation
contraagtion still persisted at nlnplt normal strength. Under
such oonditions, however, the animals were found to be parti-
cularly susceptible to overfilling, probably due to paralysis
of the reticulum. Even when the sructation contractions were
completely inhibited by large doses, they tended %0 reappear
wvhen the intra-ruminal pressure vas raised by alr insufflation.

In their work, Olark and Lombard showed that after
dosing alksli, ruminal paralysis persisted for several hours
after the pH of the ruminal ingesta had returned to normal.
They poatulﬁtod that this was due to a continued upset in the
acid~-base ratio of the blood. Similarly it was found that the
decreased sfficiency of eructation persisted despite a recove-
ry of the pH of the ingesta. In order to prove that this was
due to a residual alkalosis, the CO,-ocombining power of the
blood was followed throughout the experiment. (8See Appendix
II8). As shown in the graph (Fig. 10) the average eructation
effiolenoy of the six sheep (as rated on an arbitrary socale)
shoved a remarkable inverse ocorrelation to the average COo-
combining power of the blood. It will be noted that these
two faotors took 72 hours $o return to normal, although the
reaction of the rumen was again acid within 24 howrs. Proba-
bly owing to the numerous other factors affecting eructation,
the inverse relationship hetween eructation efficiency and the
alkali reserve of the blood in the case of individual sheep
was not always exast. The tracings in Pigs. 11 and 12 are
glven as illustrations of the effects of alkalosis on sheep
and ocattle respectively.

C. ZHEALERCIS. QL AZROMINAL YAGQIQMX .
As far back as 1883 Ellenberger (olted by Cole g% al
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The Effect of Artificial Alkalinity on the Fructation Efficiency.

In Sheep.

30 mins. after dosing 25 gm. Sod. carb. Rumen pH. 78. Rating0.
Gmplefe Rumen paralysis

Satahl FIWURS VR VRS I O

24 hours after dosing: pH 68 . Rahng 1.
Complete Rumen paralysis

48 hours after dosing : f.H. 7-0. Rating ! .
Rumen movements Small but regular.

72 hours after dosing : pH.68. Rating 5.
Rumen moetility normal .

Time in minutes

0,5,10. = Pressure in cm. water.
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The Effect of Artificial Alkalinity on the Eruciation Efficiency.
In the Bovine.
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(1048)) demonatrated that chronio tympany could be prodused
by section of Doth vagus nerves in the region of the neok.

It is now well-known that the vagi are the motor nerves %o

the entire alimentary tract. Mangold and Klein (1927) studied
the erfeacts of left- and right-sided abdominal vagotomy on the
behaviour of the ruminant forestomachs. They shoved that the
outting of both these dranches at the level of the cardia
abolighed eruotation. Bloat was, however, never encountered
where only one of the branches was cut, owing probably to the
lack of specifioity in the distribution of these nerves, or

to the type of feed on which the animals were fed. According
to these authors the left dorsal branch of the vagus inner-
vates mainly the rumen but also sends a few fibres to the
retioculum. The right ventral branaoh mainly supplies the
retioulum, omasum and abomasum, with a few fibres to the
rumen. Crossover fibres connsct these two nerves proximal

to the oardla.

Hoflund (1940) confirmed the work of Mangold and
Klein, and showed that pylorioc stenosis with abomasal dla~
tension resulted from damage to the right ventral branch
of the vagus and other oollateral fibres supplying this ares.
He further showed that this condition oan arise spontaneously
as a result of Sraumatiec retioculitis and peritonitis involving
damage to these nerves.

In order to study the effect of seotion of the abdomi~-
nal branches of the wvagus nerve on the eructation reflex, two
adult goats with permanent ruminal fistulae vere used, In
goat Ko, 1 the right ventral branch of the vagus was out at
the level of tholonrdia, approximately one inoh of the nerve
being removed, In the sase of goat No. 2 a similar operation
was performed on the left dorsal branch. Recordings of the
eructation of artifiocially introduced air had been made prior
to vagotomy and both animale had been found to be normal in
all respects, Himilar observations were made periodically
from two days after the operation. The animals were fed
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on lucerne hay ad Jib and their food and water oconsumption,
together with the amount of faeces passed, vere determined
delly. (HBes Appendix 2J). The following are the main obser-
vaticns on the tvo nnimale over a period of one month.

Goak No. 1 (right ventral branch severed). For the
first eight days after the op~ration both types of ruminal
sontracilons were found to be almost doubled in strength,
Normal 1usinstion was observed on the eighth post-operntive
day. PFros thia time onwards it was noticed that the backward
moving oontractions decreaseda progressively in strength and
rate, while the sruotation aontractions remained excevntion-
ally strong throuzhout. The aiminution in the strength of the
backwarda sontractions oan be asoribed to abomasal distention
(vide infra).

Cn the ninth day the animal ahowed olinical bloat, the
runinal ingests wan frothy but s certain amount of free zas
escaped on epening the fistula, On the Y2th to 22nd day the
animal shovwed continous hloat, the rumen “ein; filled with a
frothy slimy mase of ingesta of a 1light colour, in spite of
the food oconsisting of good quelity lncerne hay. This die=
appearansa of chlorophyl was an indication of the length of
time the ingesta had remained in the rumen. |

Food and water consumption was very lov and dropped
progrescively during the month (o almost nil. The pmount
nf fasced passed was likewise wminimal, beiny frequently less
than ten grams per day towards the end of ths pertod. Eruc-
tation efriciency, au deterrmined by air Ainaufflation, was
markedly reduced to the 1zZth duy after vhioh a progressive
improverent was noticed. From the 22nd dey eructation was
normal but oould be musrkedly reduged by the addttioﬁ of two
litres of water fc the rumen. Yhe imprcvement in eructation

efficliency was probably due to » gradual reduction in the

volume c¢f ruminal ocontents.

51/cee
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The animal was finally destroyed one month after the
operation. The rumen was found %o be relatively empty oon-
taining a total of three litres watery, straw-coloured ingesta.
The abomasum wns enormously distended and oocupied the major
pertion of the abdominal cavity, as shown in the photograph
reproduced in Fig. 13,

The abomosal oontents weighed six kilograms and con-
tained ooarse parsicles reseabling normal ruminal ingesta.
The intestines were practically empty and distended with gas.

Bection of the right ventral branch of the vagus,
therefore, did not affeot the forward contraction of the rumen,
nor sructation, provided the rumen was relatively empty.

The paralysis of the rctiou}uu, hovever, rendered the animal
particularly susceptible to over-filling. This is further
evidence of the role of the retioculum in oclearing the oardia
for the free passage of gas.

The bloat that was encountered in this ocase was due to
froth formation in the rumen, which wasg already particularly
sugsoeptible to over-filling. As will be shown later the
formation of froth was due to dimirished reflex salivation
on acoount of ocutting the afferent fidres of the reflex in
the one vagus.

goak ig.. 2 (left dorsal branch severed). Both types
of ruminal contractions wers markedly reduced in strength
for the first 20 days. Froa then on progressive resovery
took plage. PFood and water consumption wers practically
normal and gpontaneous bloat never ocoourred. Rumination was
obgervead on the twelfth post-aperative day.

The eructation effioiency was markedly reduced for
the firat 80 days, but later improved parallel to the recovery
in the strength of the ruminal contractions.

After destruction the abdominsl organs appeared nor-
mal, the rumen containing 54 litres of ingesta.
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Beotion of the left dorsal branch of the vagus,
therefore, did not oause complete ruminal paralyasis due %o
the presence of fibres from the right ventral branch already
desoribed., The eructation effiociensy was found to corres-
pond with the strength of the ruminal oontractions. The
gradual improvement oan only be asoribed to the adaptation
of the ruminal musculature to a diminished nerve supply.
Reflex salivation was apparently not markedly diminighed in

this case because froth formation was not encountered.

(1) Zhe Abomasun.
Weater (1935) oconsidersd the motility of the fore-

stomachs to be largely dependent on the state of the abomasunm.
Oonditions such as abomasitis, distention, sand impaction,
etc. were sald to cause reflex ruminal paresis and tympany.

Phillipaon (1939) showed oonolusively that diatention
of the abomasum, either by the introduotion of warm saline
or by the insertion and inflation of a balleon, inhibited
retioular contractions and markedly influenced the charaster
and rhythm of the ruminal motility.

The effect of abomasal distension on the eructation
reflex was studied in the following manner:

The experimental sheep with doth ruminal and abomasal
fistulae was used. Ruminal presswrs during air insufflasion
was recorded in the usual manner. Abomasal distention was
brought about by the introduotion of either air or warm saline
by means of the apparatus deploted in Fig. 1 and desorided
under experimental technique.

It was found that distension of the abomasum, with
either fluld or alr, caused inhibition of the baskward ruminal
contractions. This inhibition was propertional to the degres
of distension. Even severe distension, howvever, did not inhi-
bit the forward-moving sontractions of the rumen, although
eructation was rended less efficient depending on the degres
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of filling of the rumen. Referring to Fig. 14, traoing 2,

1t will be sesn that the backward contractions were entirely
inhibited, the only movements being those related to eructa-
tion. As the rumen was relatively empty, the expulelion of
gas vas entirely efficlent. The addition of two litres of
water to the rumen (tracing 3), however, completely prevented
eructation. Afger drninasc of the abomasum eructation was
efricient again in spite of £111ing of the rumen, (See also
Appendix 1IK),

These findings eonfirm the statement of Phillipson
quoted above, namely that abomasal distension causes retiou-
lar paralysis. As already shown reticular motility ig of
paramount importance in eructation when the rumen is rela-
tively full., The hyper«sensitivity of the animal to over-
f1lling of the rumen, when the abomasum was distended, oan
therefore, be asoribed to retioular paralysis.

The recordings of the abomasal pressure revealed that
the introduotion of even two litres of alr caused only a
transitory rise in intra-abomasal pressure, the organ appa-
rently losing tone to accommodate the new volume (Pig. 185).
The effects of abomasal distension, however, persisted for
up to 14 hours,

When the abomasum had been distended with saline,
drainage wvas followed by almost immedimte recovery of ruminal
motility. On the other hand, removal of the abomasal fistula
stopper after air had besn introduced, did not at once restorse
eructation efficlency. As the fistula was inserted near the
pyloris,the alr was probably trapped in the fundus.

The presence of a gas bubble in the fundus of the
abomasum has been a constant feature in the X-ray observations
of Csepa and Stigler (1926), Magee (1932) and Phillipson (1939).
An increass in the sige of the bubble was noted when fluid
passed direotly in bulk to the abomasum. 8tdlfors (1926)

showed that young succulent grass ocan pass to the abomasum
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The Effect of Abomasal Distention on Eructatior.
&fficiency in Sheep.

Top : Pumen Recording : A-B Normal Sructation .
C-D Interference with eruciation after introduchtion of
2 litres air info abomasum at B-C.

Botom: Abomasal Recording : B-C. 2 litres air introduced
info abomasum .
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The Relation between Abomasal Distention apd Degree
of Rumen Tilling on the Eructation &fficiency in sheep.

Normal Eructation ~Abomasum not distended.
Rumen relatively empty.

&ructation after Abomasal Distention ~
Rumen relatively emply .

L e gy it

Interference with Eructation after addition of 2 litres water
o rumen . Abomasum distended .
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Che &ffect of Distention of the Posterior Digestive Gact
on Gructation Efficiency in Sheep.

Normal eructation and rumen motility . Caecum not distended.
Rumen relahvely empty .

Sffect of caecal distention. Abolition of backward conlraction Torward
conirachion shli present with efficient eruclation . Rumen relafively empty.

Lirres
ar

Inefficient eruclation after addition of Zlitres water o rumen.

Gecum still distended .
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Inhibthon of rumen contraclion due to caecal dis:ention in the
absence of intraruminal pressure.
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w1thin 20 minutes after ingestion. Any distension of the
abomnsum, whether ocausad by gas formation or overloading with
ingesta will, therefore, result in inhibition of the retioulum |
1th consequent impairment of eructation.

Gag formation in the abomagum depends on the rata of
passage of ingesta from the rumen to the abomasum and also
the Aifference in pH of ruminel and abomasal ingesta. Reflex
inhibition of ruminal motility could be brought about in a
sheep if 100 o,c. or more ruminal ingesta of pH 7.2 is in-
Jeoted into the gbomasum with a pR of 2, whereas a similar
amount of ingesta of the same pH as the gbomasum had no ef-
fect. In vitro studies also showed that the grsater the
difference in pH betwveen ruminal and abomasal contents the
larger the volume of gas evolved chemioally. (3ee Appendix
I1IL). Phillipseon (1852) hae showvn that the rate of passage
of ruminal ingesta to th:c abomasum is dependent on the physi-
oal state of the ingesta. Conhoentrate foeds will therefore
tend to pass through rapldly.

(2) Ine tacaua.

The aninal with both the ocnecsl and ruminal fistulae
was used to determine the effect of cascal distension on
eruotatlon. The method wns as desoribed for the abomasal
experiments. As shown in Fig. 18 ths effecta of ocaeoal dig-
tension were ldentioal ith those found in abomasal Alsten-
tion.

When alr was introduced into the ocaecum there was no
escape of gas on subsequent removal of the fMst:l g stopper,
although the inhibition of the retioculum was still preasent.
The alr had presumsbly been moved into ether regions of the
intestinal traoct from whenoce 1t exerted its efrfeat.

5t81fors (1926) recorded cases of bloat in whioh rec-
tal examinatlion revealed gas formation and distension of the
intestinal tract in conjunsction with ruminsl tympany.
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(o) ZErugsle aclid.
uin and van der Wath (1838) showed that small doses

of prussio srcld caused complete though transitory paralyesls
of all ruminal movements., In 1949 Evans and Evans reported
ruminal paralysis caused by oclover juloe and clalmed that
prussic acid wse the asctive principle., The agnoclation be-
tween prussle acld and blost has been the gubject of consider-
able controversy for many years.

In the presgsent series of experimantas 1t was found that
small doses of potassium cyanide inhibited the reticulum and
backward moving contractions of the rumen, Introduced air
gould thus be eructated proved the rumen was not overfilled.
The posaible reagon why Clark and Quin {1945) failed to pro-
duse bloat by dosing potassium oyanide and introducing air
into the rimen 1g that the degree of ruminal f1lling of their
sheep, which were starved prior to the experiment, was not
sufficient. Larger doses caused complete inhibition of all
motility and eruetation, hut at this stage the animals
exhibited hyperpnoea and other gymptoms of scute prussic
acid poisoning. Fig. 17 Lllustrates thess resctions.

It would, therefore, anpear that subelinical polso-
ning with prussioc acid could only cause dloat in conjunction
with overfilling or other complications.

(b) Atraooipe.

Atronine 1g well-known to cause ruginal paralysis
throush blocking of the parasympathetioc nerve endings of the
vagus,

It wag found that even small doses of atropine which
dld not cause complete ruminal paralysis resulted in complete
inhibition of the eructation reflex. This i1s illustrated in
Fig. 18.

As ueny polsonous plante are known to ocontain atropine,

their presence in the pesture or hay might well result in oute
breaks of acute bloat.
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The &ffect of KCN. on 8ructation &fficiency
in sheep.

i
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Interference with Eructation 5 mins. after dosing another
50 mgm. KCN'. (Total dosage 200 mgm . KCN )

Bl 22,
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The &ffect of Atropine on Eructation &fficiency
in Sheep.

Interference with Eructation. 20 mins. after Subcutaneous
injection of 30mgm.atropine sulph .

© University of Pretoria pigitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



&

5’@ UNIVERSITEIT VAN PRETORIA
@, UNIVERSITY OF PRETORIA
A 4 ) 0

56.

(o) llatomipe.

In 1942 bougherty showed that the intravenons injece
tion of histamine caused ruminal paralyslis and sug;eeted'this‘
as a possible factor in the etlology of aoute bloat. Furthere .
more, large smount of histamine (.9 to 2.4 mgms. per 100 c.c.)
were found in the tuminal ingeata of stesra that had dled of
bloat. The histamine content of the ruminal ingesta wan
found to be inocreased on a high protein dliet.

As s-own in Fig. 19 the intravenous injection of
2 mgma. of histrmine into a sheep ocompletely inhibited all
ruminal movements and eruetation.

Clark {(unpublished report) dosed up to 250 mgms,
histamine into the rumen with no effect on ruminal motility.
This would indicate that under certaln conditions the hista-
minase activity of the ruminal contents 1s exaecedingly hipgh.
On the other hand,the presence of free histamine in ruminal
ingesta,found by Dougherty, would indlcate that this is not
alvwaya 80. |

(a) Adpenaldn.

It has been shown by Dougherty (1942) that adrenslin
causes marked depression both in strength and speed of ruminal
contractiona in ocattle,

In the present geries of experimsntas the intravanous
injection of 1 c.o. adrenslin hydrochloride (1:1000) into
sheep was found to ocause varying degrees of depression and
even total paralyeis of rumino-retioular sctivity, lasting for
at least 30 minutea. BHSusceptibllity to adrenalin appeared to
be very variable even in the game animal. Cructation wan
ineffricient during the perlod of depression of ruminal moti-
1ity. 7This 13 1lluatrated in Pig. 20.

From this finding 1t would be lopgical to assume that
the 1liberation of adrenalin during excitement would tend to
inhibit the eructation reflex and aso oontribute to the occur-

rence of bloat in conjunction with other factors. This would

87/...

© University of Pretoria pigitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



UNIVERSITEIT VAN PRETORIA
UNIVERSI RETORIA
YUNIBE SITHI YA PRET ORIA

|
A 4

Che &ffect of Adrenaline
on Eructation &fficiency in Sheep.

Normal &ruciation
A : Ruminal Motility . B - Reticular Motility .

Eructation afier lcc. Adrenaline hydrochloride
(1:1000) injected intravenously .

A: Rumen motility : note inefficient eruciation .

B: Reticular Motility : note temporary inhibition and
recovery coinciding with return of eructation efficiency

Elg, 20.
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The &ffect of Histamine on Eructation &fficiency
in sheep.

Normal &ruclation

Interference with Eructation after intravenous injection
of 2mgm. Histamine .
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be a parallel to the well-established inhibition of the
"milk let-down reflex" under similar conditions and also
caused by adrenalin.

(2) Ihase causini Hynar=matllily.

(a) Sorkamvicholine chloride (Carbachol).
The ugse of carbachol for the treatment of bdloat has

frequsntly been advooated, In the author's opilon this is an
exoeedingly dangerous procedure if only because of the inhi-
bition of an salready embarrassed oirculation.

Duncan (19861) showed that oarbamyioholine chloride
causes complete lnhibition of the retioulum apart from in-
oreased tone and freaquency of ruminal contractions. Thie
has subsequently been confirmed by the present author. The
tracings reproduced in Fig. 21 gshow the effect of ocerbachol
on rumino-retlioular motility. As can be seen retioular con-
tractions are completely inhibited, The mixing movements
of the rumen {marked M on the tracings) are inoreased in rate
but actually reduced in atrength, whereas the eructation
contractions (marked E) remain unaffected.

As shovn in Pig. 22 even smsll doses of onrbechol
cause apesn of the ruminsl musculature and interference with
eructation. This effest frequently leads to spontaneous
bloating. Aoute bloat has been seen to oocour in cattle fol-
lowing the adminlatration of oarbachol in the dosage recom=-
mended by the mnkers, (Clark personal observationas). The
interference with eructation is largely dues to the inhibition
of the retiounlum and the spastio contractions of the rumen.
This resulte in abollition of the co-ordinated movements
required for eructation.

On these grounds the use of carbamylcholine in acute
bloat would appear to be completely contra=indloated.

(b) Yexatrine.

Wegter (1935) recommended the use of veratrine as a

ruminatoric and Hahmidt (1933) recommended it'e nse in canes

58/...
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The &ffect of Carbachol on Eructation Efficiency
in Sheep.

Normal 8ruciation

Interference with eruciation 30 mins. afier subcutaneous
injection. of Imgm. Carbachol.

Spontaneous rise in intra-ruminal pressure,and inter~
ference with eructation 40 mins. after subcutaneous
injection of imgm.Carbacho .
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THE EFFECT OF CARBAMYLCHOLINE CHLORIDE ON
RUMINO -RETICULAR MOTILITY IN THE SHEEP.

. \ ‘ | ; ( l\ (

At ke \W\Muw\wﬁ

IR l
Reticulum M““wWMLL"L (I*WMMM "LT.’«M'I.

Normal Motility .

Reticulum

5 minutes after imgm. Carbachol subcut.

Note : Inhibition of reticuler confractions .
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Che &ffect of Veratrine on &ructahen &fficiency in Sheep .
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Spontaneous bloat after intravenous injection of 10mgm Veratrine hydrochloride
Rumen 1ull
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of over-filling of the rumen, tympanites and foreilmn body
obstruction of the oesophaus in cattle. |

In the present seriesg of experiments it was found
that ths intravenous injeotion of 10 mgma, veratrine hydro-
chloride into a sheep caused acute ruminal spasmes anéd spon-
taneous bloat. (Hee Plg. 23). Doses of 5 mgms. resulted
in romineY rosnm and lnterferences with eruoctation in spite
of the facl tnas retionlar motility was not inhihited.
Sielar Ansen had no vieible eflect.

Tha ap AP Temstelne 19 Wlazt, reroelslTr A4y an
NUarlapsmi ywinn,  munt *horeferrs he gondonned,

Experiments have shovm thot the eructntion reflex
itaelf l¢ not affected by tempersiure ahsnges in the rumen
brought about by the introduction of ioced@ water., The reflex
vag 2180 unafrected hy the Foraed introduation of a mixture

ef salr plus 801 Carbon dloxlde and 1% hydrogen sulfide,
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6.2
THE EFFECT OF CONSISTENCY OF THE RUMINAL INGESTA ON GAS RETENTION

I: Ruminal Ingesta ‘thick’ and ‘glutinous’. Consistency Index 42 .

Normal eruclation of free air introduced above the Interference with eructation due to retention of air
ruminal mass . introduced deeply into the ruminal mass .

I : Ruminal Ingesta watery . Consistency Index 9.

Normal eructation of free air introduced above Normal eructation due fo free escape of air
the ruminal mass. introduced deeply into the ruminal mass.

University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



[

5’@ UNIVERSITEIT VAN PRETORIA
@, UNIVERSITY OF PRETORIA
A 4 ) 0

59.

IXXI. THE SIOGNIFICANCE OF REFLEX SALIVATION IN
RELATION 0 PMOTH FOHMATIQN ARD ACUTE EIOAY

P BE-T A0 v PR—

The successful use of surface tenalon agents in the
treatment of acuts blost, (Clark (1980) and Quin, Austin
and Rattolif (1949)) - has oconfirmed the importance of
JPuthiliec. o, ruminal ingesta in this condition, s anbject
of mus- - irawevrav in the peat. In their digoussion on frotly
hloet Cole, Kuffman, Kleiber, Olson and Schalk (1945) do not
appear to be convinced of 1te valldity. Varloun rorkers,
segver \lbul), Hovmadiish {1807/, booglioedy (LL4l), Uluon
{(1942), uin (1943) anu Clara (1548) cn the othcr hand, havs
reported the exlistence of frothy ruminal ingesta in cases of
bloat on gresn legunmes. Kisk, Garlaurh and Schalk (19737)
also helieve that frothineas 12 the factor resnonsible for
bloat in ocattle fad ocorn in tha faed-lot.

MoCandlish (1937} suoported by Gloon (L513) and
uin (1943) inoriminated saponins in lucerne as being re-
sponaible for frothing. It is diffioult, hovwever, to ex-
olain all the manlfestationc of nocute frothy bloat on the
banris of the aaponin thsory, with the result that the patho-
genesls of this condition has remained unsettled.

Clark and Weisa (1882) have reocently demcnatrnted
the exlstence of a salivary reaflex inigfitated by meckaniocal
stimulation of the mucous membrnne cf <hec fore-stomsahs.

The gignifioance of this reflex in relation to froth for-
nation nnd Hent 4a desoribed in thias aeotion,
Mathog:

3ix Merino sheep with vermanent ruminal ristulae wvere
sach given 4000 grams freshly out grean lucerna dally, »nd
the following data were colleoted over the experimental
period:- The consistenoy of the ruminal ingesta of each
sheep before feeding; the depree of bloat and the type and
conslstency of the ruminal ingesta two hours after feeding,

60/..,
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The type of lucerns fed dally and its origin vae also noted,
Hasultg:
I. Ine.relation helween ognalaienay of rualosl lozesia

The ruminal ingesta of sheep fed exolusively on green
lucerne has a tendenoy to foam, but the type of foam formed
was founa to be directly dependent on the oconasistency of the
inreata. When the ruminal content was watery, the gas-bubhles
rose freely to the gurface to form a layer of unstable free
foam on the top. As the oonsistency inoreased there waa a
greater tendensgy for the gaa-bubblee to become entranped in
the thiok viscid materinl, causing the ingeatr to riae up
into a frothy mas:o.

The data on one of the shesp, colleocted over a period
of 19 days are given in Table 3. 8Similar results were obtained
from the other experimental animals. (bee Avpendix IIN),

A summary of the results ig given in Table 4, The derree of
bloat was rated arbritrerily but 1t should be mentionsd that
it 1s extremely difficult tc determine the exast degree of
bloat in sheen with fistulas as some leskage ~f gns invariably
takes place. Under normal :iroumstanceas the d;gree of bloat

wonld have bacn much preater than that actually encountered,

dable 3.

The relation between consistency of ruminsl
ingesta and the ogcurrence of frothy bleoat as
determinad by the physiocal ocondition of ;reen
lucerne. (vetaills of one individuel sheep).

Type ot:v s H
: : tcongig~! t  Degrees
H t onnalatency : tenay :Tyne of Angestz! of Bloat
3 J& And &x tlandex i — H
s s 3 B
P 1 21.6 : PRATI | H Ml
' Flower-t 2t 31.2 t 7.5 ¢ : H M
ing L XN, o i 0.2 1t Watery with N1l
stalky ¢ 4 ¢ 45.0 ! 7.8 ‘tsaall amount of: N{l
small : 5! ab.2 $ 6.0 t free foam on ¢ Nil
leaves : (! - LS I | top : Ml
s 7 24.0 ¢! 2.0 s N1l
- 3 3 1 $
61/00e
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Zable 3 (qons.)
rype oft 3 Al
- : tconsla=-} ! Degree
H ! consistency ¢ tency !Type of ingests! of Dloat
5 A .dondsx HERN, T [ 4 R {» ——
: s H
§ 3t BC.0 : 33.8): t devere
: 9 ot t 60,0):Large amount oft MNarked
Crisp ¢ 10 @ 2.5 ¢ 32.1)t intereixed te-~! Marked
gucou- $ 11 ¢ 46,0 t 66.0)tnacious froth, ! Marked
lant ¢ 12 ¢ 45.C t 18.0 :Watery ith frem Nil
pre- H H $ foam on top :
bloom : 13 ¢ 70.0 : 45.0) t Marked
with : 14 @ 33,86 $ 60.0)tLarge amount of: Marked
large ¢ 15 ¢ 70.30 : 78.0): intermixed te~: Marked
leaves ¢ 16 ¢ 60.0 ! 69.0)tnaclous froth : Marked
-4 H 1. 4. 2
H L H H :
Stalky : 17 ¢ 76.0 ¢ 10.0 : iatery with : N
eto, ¢ 5 : { free foam on :
) : ¢ : top H
T e L
Crisp t 18 ¢ 68.0 ! 4H.C tlarge amount of: Marked
suocu=- § 1% 3.0 ! 20,0 ¢t intermixes te-! Mrrked
lent s : H tnacious froth ¢
eto. ¢ H H H :
2 3 H 1 }
ZARiS %
The relation between gonsistency of ruminal
lngecta and the ocourrence of frothy blost
as deternined by the physiosl condition of
green lucerne.,  (Buanary of results).
: t : !
H 3 ¢ Number @
Days! Type of : Number ofiof sheep! Averare consistency of
! Lucerne ;sheep usedt showing:
¢ : t frothy ihefore =am.w.mw
H : ! bloat :Feedinygilloated:non-bhloated
: - H 3. i.abaap 3 ghecp
H : : H H :
l :Flowering: 8 H 0 t 46.3 ¢ - @ 7.3
2 ‘tatage gtal- 6 H 0 i 43 : - $ 7.6
3 tky vith 8 t 0 ! 44,1 ¢ - 3 5.7
4 ¢ snall G H ¢ ! 60.3 ¢ - H 8.2
5 ¢ eparse ! 1 ! 0 t 7.4 ¢ - s 8.2
8 t 1leaves.! [ : (¢ I 38,8 ¢ - 3 7.8
? 014 hard ¢ 4 s 0 ! 42 H - 3 14. 3
H stems | H H t H
! preasent ! : : ! :
i 3 i _ } i
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; Kumber :

; e of } Number ofiof sheec! Avara_e consistency of
Days: {zgerne tsheep useal showiny: lozeasia.
: : i frothy trefore (L lnf..afiss faadlog
H H : hleat :feedingiRloatedtNon-bloated
H H LI H z_ghm:n 11T I
H H H : H
¢ ¢ Pre-flo~! 6 H b t &J:Q&g: %ﬁg
tw 3 6 : 4 ¢ B0 s 63,8 ¢ Lo
%g : 52222% t 8 H b t 687.5 311e.,8 ¢ 12.6
12 : orisp : € H 4 : 67.3 ¢ o2 16.8
13 taucculent: e s 5 t B4, BO,4 12.5
18 tge leaves: 6 : 6 Tt 94,6 t 97,6 -
186 ¢ 014 dry : é H 6 : 66,8 : 68,8 ¢ -
t gtems ¢ H : : :
: absent, ¢ : H H H
2 : : H 3 :
H H : H H H
17 stalky s 6 H 0 t 89 H - 0 12.1
' eto. : : : H :
< H H 3 3 —
: : . H : : H
12 $suooulents 3 H 3 : 97.1 ¢ 47,5 ¢ -
: ets, ¢ H : H H
H H H H 1 H

These results clearly show that whenever the ruminal
ingeata was thick and visoid, with a high consistency index
after feeding, frothing was marked and bloat ococurred.
Aninals with a watery ingesta and a low conglstency index
did not bloat.

To show how frothing of ruminal ingesta, with a high
consistency index, interiérss mechaniocally with eructation,
alr was introduoced 2rtifioially into the rumen of one sheep
by the method described previously. Alr was first introducged
apove the ruminal mass by passing the alr inlet only Just
through the fistula atopper,in order to ascertain whether
eructation could take place normally. %he sir inlet wasg
then pushed deeply into the ruminal contentas and air again
introducec et the same rate. This proocedure wag followed
in the same sheep when the ingesta had a consistency index
of 42 ana again two hours after fecding when the ingesta vas

reduced to a watery oonsistency with an index of G.

€/ eue
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The tracings reproduced in Fig. 24 show the results.
With the ingesta viseld and thiok, tracin;; A shows that free
alr onn be eructated efficlently, but vhen the air was bubbled
through the ruminal mass there was marked lnterference with ‘
sructation as shown in traoing B. Dougherty (184)1) also fbund,!
auring one nir-ingufflation experiment on a oow, that it took
much lgsg zir %o increase the intraruminal pressure when the
alir was forced through the ruminal mass by an exteneion on
the pressurs plug, than when alr was forced inte the top part
9f the ruminal cavity. usructation was aleo nore aiffioult.
This was undoubtedly dus to the ingesta rising up intc a
frothy masa. This has the same effect as over-filling »f
the rumen by increasing the distance betwesan the free gas and
the cardia, thus mechanioally interfering with erustation.
On the other hand tracings U and O show that no such inter-
ference with eructation took place when air was bubbled through

watery ingesta.

I11. dariationa o gonslakency of ruminal dnzeasta.and the
Alfsat of fhe tvpe of lugarns.

Clark and Weiss (1952) have recently demonstrated a
salivary reflex in ghesp and goats initiated by mechaniosl
stimulation of the ocardiac region of the fore-stomachs, oansing
a four-to-five-fold inocrease in salivary flow,

It is evident from the data in Tables 3 and 4 that
the ruminal ingeata of the sheep on green lucerns showed
marked variations before and after feeding. The ingesta
invariably had a high consistenoy index before feeding.

This may be explained by the absence of sufficlent coarse
material in the rumen to stimulate a continuous reflex sali-
vary seorstion,

The consiatenoy of the ruminal ingesta and the ocour-
renoe of frothy bloat after feedings, was shown to be influen-
ced by the type of lucerne fed. It was found that bloat, ocaus-
od by frothing of thick, viscid ruminal ingestn, ocourred

Woo.

© University of Pretoria pigitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



RIA

immedliately on feesdiny sucoulent, leafy luoerne in the
pre=flovering atage of gsrowth. When mature stalky luocerne
vag fed, the ruminal ingesta immediately reverted to a wa-
tery consistency even in the abaenos of avallable drinking
water, and bloat ceased to ooour. The oonclusion is Justi-
fied that the rapid reduction in conaistency of the ruminsl
ingesta after feeding atalky lucerne, was due to reflex sti-
mulation of salivary searetion initiated in the fore-~stomachs
by the physioal character of the feed, It was also noted
that ingestion of this type of lucerne was slovw, ¥ith the
result that proportionately more saliva is seoreted per glven
weight of food.

The ooocurrence of dbloat on the succulent lucerne is
ascribed to the lack of coarse material and consequent dimi-
nished reflex asalivary csecretion. The rapid rate of feeding
observed in the oase of this type of lucerne, contributed
by causing a proportionately smaller amount of ealiva to be
secrated per glven welght of feed.

The consigtenocy of the ruminal ingeasta therefore
increesed and, 1f gas-formation was adequate, the ingesta
rose up into a tenaclious frothy mass.

In order to prove further that the presence of soarse
material in the rumen is the main stimulus for the eoplous
salivary searetion encountered, 120 grams chopped grase hay
wae introduced direstly through the fistula into the rumen
77 one nheem, Thae annelatenasy index of the ingeeta before
introduction was 150; one hour later it was reduced to 12
despite the absence of drinking water. This undoudtedly
proved that the reflex is far more ilmportant in oontrolling
the consistency of the ruminal oontente tnan roflexes initi-
ated by the sense of taste, or the acts of chewing and swallow-
ing.

Cole, Mead and Regan (1943) showed that bloat could be
prevented by feeding coarse hay prior to luoerne pasturing.

65/...
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It was thearefore decided to determine whether this protective
action is due to reflex stimulation of salivary seoretion.
The sheep were divided into two groups of three each and
fed succulent green lucerne. Each animal in Group I receiv-
ed in addition 400 grams chopped grass hay well mixed with

the lucerne. The results are given in Table 5.

dahklse .
- NN _: - e gad
Group 1~3 sheep feod sucoculent: Groun 2.3 sheep fed sucou=-
tlucerne plus 400 grams grass ! lent lucerne only
H

: ]
tAVerage consisten-:iumber of tAverage oonslsten-:Number of

toy index of rumie~ :gheep sho=~tgy index of ruminall sheep gho-
_3.?nnl.1nzan:n.?.rv1ng fro- ! Jdogaata . iving fro-
! Before:2 Hrs. -!thy bloat : Before:2 Hrs. af-:thy bloat

t feeding: ter feo- $ faesdingt ter feeo- !
azalo L dME. L + ——
1 165,88 ¢t 10.8 :t W1 1 74,5 ¢ 47.5 3 03
2 ¢t 3.8 13 8.0 Rl 1 52,5 ¢ 48,¢ g 3
3 ¢ .0 ¢ 16,0 ¢ M1 t 46,8 32,0 H 3
P i 1 i i .

It can de seen that dloat did not oocour in those sheep recei-
ving grass hay in addition to lucerne and that the oconsistenoy
index of their ruminal ingesta was lowv compared to the group
reoceiving sucoulent lucerne only. In the latter group bloat
ocourred daily. In another experiment the sheep were given
a cholce of succulent lucerne and grass hay. This practioe,
however, did not prevent bloat sompletely, as the sheep did
not eat any hay until a ocertaln degree of bloat had developed.
The consistenoy of ingesta was reduced and the bloat subsided
within an hour of the animal taking the hay. As soon as dlg-
tention of the rumen took place, the sheep refused to take
further lucerne and showed preferesnce for the coarse hay.
Thie indicates a natural tendency to supply the roughage re-
quired to maintain reflex salivation and prevent bloat.

An exanple of the marked difference between the two
types of luocerne used during the experiment is shown in Fig, 25,
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Showing the Difference between the Two Types of Lucerne
used in the Experiment .

<

Specimen of the Succulent Bloet -producing Specimen of the $talky Lucerne on which
: Lucerne. Bloat could not be produced.
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A specimen of the hlont-provokin. - lucerne ia shown
on the left. This wag in the pre-flowerin;; stage, n proxie
mately 18° high anc exceptionally succulent and orisp sith
large, oclosely packed leaves. Contaminatin: weeds and old
dry atems were abgent. 73 shows a specimen of the lucerne
on which bloat could not he produced. This was in the flo-
wering stage approximately 12* to 16" hirh and stalky, *sith
small sparse leaves. A fair amount of old, hard, dry stemg
wag nregent. A notsworthy fact 1s that the suceulent lugerne
grew on heavy fertile soll, wvhioch retaine molsture well,

The stalky lucerne gsrew on licht, sandy loam "hioch 1n well
drained. Both lands were'lrrignted resularly. It arnears
to be guite ohviona that these faastors influence the pgrowth
of 1ncerne ~n¢ (lreotly detersdne 1ta Hloat provokin ' noten-
tiality.

In order to prove thet frothy bloat in oattle on n
non-ronchage diet 1s ascociated with the consigtency of the
runinal ingestn, the geven atall-fed bovines, m<ntloned be-
fore were used. Theage aninela were all non-prédunin: and
varied in ages “rom 15 months to 4 years.

They were first fed a non-roughage diet on thich blost
stnrted to oo ur after tvo days in some of the animals., The
animnls wvere left until bloat vas marked hefore the trooar
a8 inserted to obtein ruminel incegta for exardnation. It
was noticed that, in all the hloated aninnls, a certrin
amont of free gas eson.ed from the canuln before frothy
ingeste started to exuae. ‘

The folloing: feedin: regime was follored with the
non-rou-hage diet:

8 a.m. Freghly cut suococulent yraen lucerne ad Jib.

3 p.m, 8 to 7 1lbc, dalry meal oonsisting of orughed
yellovw maize 657, lucernes menl 10X, monkeynut meal 107, bhone

meal 33¥, o0nlt 17 and mineral mixture 3¢,
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Towards the end of the experiment the -reen lucerne
becane unsuitable -rith the rasult that the follosin~ change
in the feeding recime had to be made:

8 a,m, Uairy meel 7 1bs. per animal.

3 n.m, Boaked Zood guality leafy lucerne hay gd llb.

For the rouzhage diet in the case of bovines Nos. 2,
3 and 4 the latter feedin: re;ime was also used ¥ith the
excantion that sonrse stalky green lucerne or hay vas fed in-
atead of the soaked hay. In the oase of hovines ‘0a. 6 and 7
grass hay was fed gg llh throughout the dey. The reanlts are
lven in table 6.

sovine o, B aotunlly dled of bloat after feedin; the
non=rouzhage diet for a week. Uicestive disturbances wvas
avident on post mortem examination.

The results shovw that Hloat in bovines on a none
roughage Aiet 18 of the frothy type and is associated with
thick, tenaolous ruminal ingesta of a hirh consistency index,
On a diet conteining adequate rouchage bloat :ines not ocour
and the ingesta heoomes watery. These resnlts are comnaradle
with those obtain»d w1th sheep and onn also be explained on the
basis of reflex sallivntion,

The resulta also shov the marked individuerl varination
in susceptibility to bloat amongst the different bovineg in
the group. Ani:ial No. 1 bloated repeatedly on the non-rouhage
dlet vhersas hovinss No. 2, 8 nnd 7 friled to bloat on this
type of diet.
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H H :
Type of diet:tBovine! Bloated H Non-hloated

t No. ¢ 3

H tCongiatencyl Type of :Consisteney! Type of

: tof ruminnl ! inzjeata :of rumins) i in-esta

t ) : : t
a) s H H H H
Bonranihaze ' 1 ¢ 6C.0  :Thiok te-: - t -
green lucer-: 3 .6 tnacious ! - H -
ne and dairy: H 54.0 : and $ - H -
mlxture : H $ frothy ¢ :

r 3 ¢ 66.0 ¢ . H - : -

:t 4 @ 86.0 ¢ » H - : -

- . H 39,0 H . H - H -

HE 4 : - H - H 14,8 t wvatery

3 3 1 3 3

s $ t s s
bniry mixtu-t : ! : H
re and gor- § 1 H 117.0 s . H - : -
ked lucerne @ t H H :
hay T 2 3 - R : 14.0 ! vatery

4 H H - H

$ t : : $
b) H : 2 H H
ﬂnﬂfeﬁz‘ t 1 : - : - H 14,0 t atery
8tnlky preen: 2 i - 3 - ! 2.6 H .
lucerne and : 3 ¢ - : - s 2.0 : .
dairy mivtu-t 4 H - H - H 2,0 H "
re H : H H H

3 1 2 4 3

) s $ : $
Dailry mixtu-: 2 H - H - H 8.0 H .
re and coar-t 3 ¢ - : - s 8.n s "
ne lugerne t 4 t - : - : 10.0 : "
hay H : H H :

1 3 L H H

1 H H H H
OGragss hay ¢ 6 ¢ - H - H 7.2 H »
only 8 7?7 - S : 3.C H "

S H _— H —
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It has been shown that srustation 1s a complex, co-
9rd1nat¢d reflex involving the rumen, retioulum,cardiac
orifice and oegophagus., The role played by the fore-stomachs
18 to bring the free gas forward and downwards to the cardia.

Frothing of the ingesats reduces the amount of free
gas pressnt and so interferes mechanioally with eructation.
In the sbsence of frothing the efficiensy of eruogtation at
any given moment will, therefore, be determined by the balance
between the efficiency of the rumino-reticular meshaniasm, on
the one hand, and the relative positions of the gas and the
oardia, on the other, The rumino-retioular mechaniem has
been shown to be influsnced by various factoras. The relative
positions of the gas and the oardia depend on the degree of
£111ing of the rumen and the posture of the gnimal, with
frothing as an additional complication. The abllity of the
animal to clear the oardia for the free escape of gas via
the oesophagus ia the most tmporiant part of the rumine-
retiocular meghaniam determining the efficliency of eruotation,
and has been shown to be influenced by mechanical factors susch
as over-£i1ling and frothing, chemical and nervous faotors.

Bloat is, therefore, an expreasion of an adverse
balance betweern the efficiency of the eructation mechanisn
and the fastors militating against it. In other vords, if
the efficiency of the reflex is kept consgtant, bloat nmay
ooonr through over-filling or frothiness or a combinstion
of the two, ‘hen the rwsen 1s excessively filled, a lesser
degree of frothing will be required to produsce bloat. ¥With
a reflex impaired by any of these factors a correspondingly
lesser degree of over-filling or frothiness may result in
bloat. It 1s, therefore, apparent that bleat oan ocour under

widely varying oconditions and its apnearance will more often
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BLOAT

INTERFERENCE WITH ERUCTATION KIBMSIS'I?SP#.EO% RAPID GAS
NERVOUS MECHANICAL Icuswcm.. ‘j OF GAS FORMATION
[ 13 J T
DISTENTION | | DAMAGE TO | | MECHANICAL| | OVERFILLING | | FROTHING RUMINAL ORGAN - SUGARS IN PLANTS
OF POSTERIOR| | RV. BRANCH | |oBSTRUCT. OF DIRECT) (OVERFILLING) ISMS eg. YFASTS .
; DIGEST. TRACT | | oF vacus | |oesopnacus || ¢ (QVER ) 3
; f [ 1 i
- ]
by < ALKALOSIS smo | DRUGS LIKE i | ENVIRONMENTAL
o ] suEN CHANGE | | CARBACHOL | FACTORS #y. FwosT
7O WIGH PROTEIN
OVERFILLING TYPE OF INDIVIDUAL | jconsisTencY DT 2 VERATRINE . 1| #err_(wirine)
8 WITH GAS FEED USCEPTIBILITY] oF ]
OR INGESTA eq. 7uBeRs . | |eg Gresov Feevers | INGESTA '
- ]
ATROPINE <sor { |FACTORS AFFECTING
CONTAMINATING "IPLANT GROWTH eg.
PO/SONOUS PLANTS TYPE OF :’.;;L, mﬂlﬁfl
RATE of FEEDING
= RAPID REFLEX |
HISTAMINE Faemes
— HCN. IN PLANTS |+
SALIVATION W RUMEN FROM
- HIGH PROTEIN DIET
DIMINISHED PLANT
ADRENALINE FACTOR |
FROM PSYCHIC €g. SUCCULENT,
DISTURBANCES, PRE-FLOWERING
ABSENCE OF
ABSENCE OF COARSE MATERIAL
COARSE MATERIAL
IN THE RUMEN |e TYPE OF DIET
OTHER THAN GREENFOOD
€g. LACK OF ROUGHAGE
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denend on a combination of contributinc or supplementin; oir-
qumatanoea than on any sincle faotor asting alone.

A schematic representation of tho aifferent factore
nich may ocontribute tovards acute bdloat is given in M. 26.

The experimental resnlts olearly sho’ that frothinpg of
raminal incesta 1o the main sause of bloat in sheep on green
luoerne, actin: in the same wanner gs over-fillin:; of the
rumen, by mechanically interfering ith eructntion. In fact,
there 1s oonvinocin:; evidence, not only in the literature bhut
aAleo in the reports Trom farmers and veterinarians, (See
Appendix I) that moat cases of hloat on ;resn fceds are of
the frothy type. Oole af 5] (oited by Cole, Huffwman, Kleiber,
Olson and %chalk) (1948), howaver, oclaim that thgy have ta ed
a number of cows, bloated on lucerne nasture, vithout enoounte-
ring a sinrle case in vhich the frae alr apace wac ahsent.
Taking theege observations 1into acount, Cole ag a] (1948) find
1t d1rricult to understand how frothin;- sould oause bloat when
a frae alr svace existe. In the present author's opinion it
is merely n nmatter of degr-e of frothin:. In nost of the
caseg of frothy bloat produced during the experiment, free gns |
esomned from the fistulae en openini.. Only in a few anses dia
the ingesta froth to such an extent an to fill the whole rumen
and sxude from the fiastulae on removal of the stovner,

Cole, Maad and Regan (1943) have sho'n conclugively
that the feesdinc of coarse hay prior to lucerne pasturing
prevents blozat; and the experiments of Mead, Cole and Regan
(1944) nroved thnt the inaidence of hloat was much hicher in
oattle fad :round hay and raln, than in those fed un-round
hay snd grain. Thege workers attiributed the protcotlie action
of hay to thcir theory that coarse materinl is necensary to
#lioit the sractotion reflex. The precent author has shown
previoualy that the physioal etate of the rpmlnal contents
does not a:pear to arfeot the eruvotation reflex directly.

The reanlts no - obteined, clearly shov that the protective

n/...
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action of hay 1s due to reflex stimulation of salivary
seoretion, thus reducinz the consistency of the rumminel
ingesta and obviatin:: froth formation.

Bell and Britton (1939) found that bloat was a
serious problem on pasturas ith a puro‘etnnd or a very “ich
percentage of clover, vheraas it ceagsed to be a problem on
aertain pastures covered with more than fifty ner osent of
ragses. These findings oan be explained on the basis of
reflex salivantion. A pure stand of succulent clover does
not provide ademate stimulus for reflex salivary seoretion,
vhereas (rasses, cspeclally the ooarse-gtemmed varieties,
vrovide suffioclent atimulus to prevent bloat. Mizin: grasses
with legnmes, therefore, anpears to be a fengible method of
preventing bloat but, as pointed out by Cole g a1 (1945),
the diffioulty ie to maintain a proper bYalance at all timesg.

Perhaps the greatest sin, le faotor reaponcible for the
fallure to eluoidate the pathogenesis of hloat hes been the
diffioulty encountered in reproducing thr natural condition.
Cole, Mead and Reynn (1943), however, shoved that certain
essentlal oonditions are necesnary hefore hloat oan hHe ex-
neacted to ocoour. Thege are driefly summarized as follows:=
(1) The lucerne should be in an approoriate stage of develop-
ment, e..’. orisp and sucouient to allow for rnnid feedinr,
(2) Animnls should be deprived of all hay and straw and the
lucerne itself shonld be frae of graeses, weeds and nld, dry
touh stenms.

(3) The lucerne ghonld have been provided with guffiolent
vater to induce rapid growth,

(4) The green-feed should be fed as fresh ac possidle and
not older than 24 houvre. Dried slfalfa tope falled to pro-
duce bloatl.

These obaervations are confirmed by the experimental
resu)ta recorded above. Contrary to the internret~tion of

those authors, however, vho asorie the bloat-. rovoking

i 227
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capacity of thias type of lucerne to a lnok of sufficient
coarse material to initiste the eruoctetion reflex, it is
maintainaed that the phyanical. condition of the lucerne has a
direot bearing on the cosurrence of bloat through ita action
on reflex salivation., The rate of feeding of sunconlent lu-
cernes appsars to be an immortant factor. In accordanse -1ith
reports by other -rorkers (m ~d, Cole and Reprr (1044)) the
odourrence of bloat oould not be correlated directly with

the amount ~f luocerne consumed. In the preecent trials
(Appendix IIM) in many ocases of bloat, the amount of luocerne
eaten wag actially lesa than thet consumed by non=hloated
gheep. Apart from individual differences amon;st the gher ,

a difference An the rate of feediny of the two types of ° aernc
was, hovever, noted. The amount of sucoulent lucerne oconsumed
nver a i'iven period of tina vas‘ﬁuoh ireater than the amount
of stalky lucerne over the gane period.

Apart from ;jreen-feed, frothy hloat can ocn'w on any
8let lacking in rouhage. This has been nroved by the ey=
verimsntis on cnttle detrlled above. The feeding of good
quality leafy luc rne nay, eanpeolally 1 soakad in water
beforehand, cansed frothy bloat in several ocaszes. due to
the lack of sufficient rouchaze to stimulate the galivary
reflex. Kiok, Gerlaush and 3okelk (1937) reported frnthy
bloat in steer durin thr finlehin,-off periol. Tloat
gtarted to oocour soon after the amount of consentrntes in
the ration exceeded the amount of roughnze, The gnnes of
bloat in aattle on a non-ronghage dlet, which has been re-
vorted by Mead and Goss (1938) 3an nlse be ex»lained on the
same® basis.

In the preaent author's opinion the pre-snse of
saponins in lucerns is 1lao not the scause of nlont p:r_ge,
but that it mzrely ocontributes towards the colloldinl state
of the ingesta favourable for foamin;. Dally mechsnioal

shaking of gamnles of expressed lugerne julce over a period

73/ e es

© University of Pretoria pigitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



UNIVERSITEIT VAN PRETORIA
UNIVERSI RETORIA
YUNIBE SITHI YA PRET ORIA

(v

?3.

of months, 'mder different metereolerieal conditionn, shoved
no signifiocnnt variationc in the smount of fonm nroduced
dslly.

PFrothy bloat on ¢reen lemmes frequently ocours in
asaociation with direct over«filling of the rumen. As
vointed out by various ‘rorkers, (Cole, Meand and Regan (1943),
Mead, Cole and Regan (1044), Quin (1942) Clark (1950), Espe
Jacohbson and Cannon (1943), aoute bloat ias common anongst
thone animale with large appetites or greedy feeding habits.
It is ocomron experience that gome oases of bhloat oannot bde
relieved by anti-frothing agents only, but require other
measures, gsuch as slevation of the fore-quarters of the animel,
in order to facilitate elimination of thn gas.

The traoinga presented in Fig. 27 shov aotunl recor-
dings of cases of frothy bloat 1n sheep on grern lucerne.
Both were injeated intraruninally “ith anti-frothin: agents
immediately before recording, carefully avoiding escape of
froee gas via the fistula. In the one case, breakin- of the
froth resulted in efficient eruotationrs hich decreaced intrec-
raminal pressure. Thig was, therefore, a crse of nncomnli-
cated frothy bloat. In the other case, sructntion renained
ineffiolent despite the anti-frothin; agent. Removal of
1700 o.6. ruminal ingesta improved eructation efriciency on
artifisial introduotion aof air. It proved thrt thin wan a
case of frothy hloat ~omnlicated by direct oyer-fi!linn.
Althouch direct over-fillin- ia dependent on the rmount of
‘feed consumed, froth formation 1s dependent on the nature of
ths feed. This 13 probably the reason why the occurrence of
hHloat oeanrnot alwnys be correlated with the amomnt of food and
water conaunmed,

The oscurrence of frothy hlont does not nlvays depend
.solely on the type of feed, hut contributory f~otors may play
a role, Heferring to Fi-. 26, it oan be geen thet the libera-

tion of adrenalin durin: psychiec dilsturbances not only affeocts

»a/t
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Spontaneous Bloat in Fistula . Sheep fed Frosted
Green Lucerne.
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Top. Sheep No.6: Inability to eruclate after anti -frothing
agent. (Kumen pH.61)
Bottom. Sheep No.3 : Spontaneous recovery affer anti-

frothing agent. (Rumen p.H. 6-3.)

Sheep 6 : Normal eruclation of artificially introduced air
following removal of 1700 cc. ingesta. (Rumen pH.61)
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the eructation reflex direstly, but also diminishes reflex
snlivation, *7ith consegient froth formation and further
interference vith the efrioclent elimination of cas. A
gtrikin; exarple of the role that vnayochis digturbances oan
rlay in the pathopgenesis of acute hloat has been enssnntered,
Amongat'a partioulsr hrrd (Ses Avpendix III), of hich-
produocing dniry cows, uporadic onames of frothy hlont ococurred
dally. These animals were fed ononped and wetted rood quality
lugerns hay in addition to their hish-nroduction ration.
uuring a ocertoin period a mass outhreak of frothy hloat
oocurred amoncst the herd, coinoeiding vith the change-over
from hand to wachine milking. The bloat regponded to treat-
ment vith anti-frothing agents. There was no change in feed
or feeding routine, and careful investigation gould revesl
no possiblo reagon for the lar;e-seale outbraeak of bloat
other than that inevitable Adisturbance of the animaln, whioh
wrg simltaneocusly reflected in & sharp drop in M1k yiels,
Although the pregent author does not regard hiagtamine

formation in the rumen as a oommon contributory fantor in
the pathosenesis of route bloat on legmes, due to the hip-
tarinase agtivity of ruminel ingeste, 1t i1s felt that higta-
mine mny under certein conaitions play a role. Apart from
the direot effect on the eructation reflex, hiastamine will
also teni to diminish reflex salivation and thersfore onuse
froth formation,

| By making use of the method desoridbed by Clark and
"elss (1952) 1t has been shown that the intravenens injeotion
of 2 mgm. hlstamine into a goat decreacsd the restin: sali-
very flov of both parotlds from 92 to 24 drops per minute.
Atropine has the same ef.’'eot, so thnt the ingeetion of
polsono s plants,hich contnln thin principle, mey nlpgo lead
to frothy blosat.

Unmage to the va;l nerveg may- similarly result in

sporadic cages of aocute hlort. This type of lesion, hov-
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ever, usually tends to produse chroniec bloat. Hoflund (1940)
has described bloat in natural and experimental oanes of
interference with the nerve sypply to the fore-stomachs.

The frothy bloat enocountered in the one experimental
goat mentioned before, resulted from cutting the afferent
nerve supply neceasary for eructation, as well as the afferent
fibres of the salivary reflex.

Althouph hydrocyanioc acid has been proved to be
present in clover (Evans and Evans (1949)) and various poiso-
nous plants (Steyn (1934)), 1t has not been possible to isolate
hydrosyanic acid from lucerne. 8teyn (psraonal commmnication),
howvever, states that he has isolated large amounts of hydro-
cyanlc aald from luocerne under oertain environmental conditions
and van der Walt (1944) found 2 mgm. hydroocyanioc acid per 100
grans of the fresh plant material in a certain sample of li-
cerne.

Although the prezent author has failed to demonstrate
the presence of hydrosyanioc acid in the cases of frothy bloat
produced, it is nevertheless felt that hydrooyanic acid may
be an important contributory faotor under oert-in conditions.
A point whioh should receive due oconsiderrtion is the possibi-
11ty of contamination of gresn-feed paatires or baled hay by
other plnntu,-ulready mentioned, -hich oontain oyanogenetis
glucosides or toxioc principles which oause inhibition of rumi-
nal motility.

Wetting of legumes has frequently been mentioned as
an stiologloal factor, although, as pointed out by Cole gt al
(1948), bloat also oocours in the absence of those conditions.
Espe, Jaoobson and Cannon (1943) believe that wetting of le-
gumes results in an inoreased rate of consumption of the feed,
and deoreased salivation. These faoctors have been shown to
be important in the pathogenesis of frothy bloat.

The relation betwesn rainfzll and bloat has dbeen fully
discuseed by Cole gt gl (1946) in their review.

e /
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It ia evident that olimatic oonditions, hich favour
plant growth, determine its suoculence and therefore its
bloat-producing ablility.

_ Environmental conditions, such as frost or heat, “hioh
cause wilting have frequently been mentioned as etiological
factors. The physiologiocal resction of most plants to ad-
verse conditions, such as frosting or wilting, is to -hydro-
lyse starches to sugars. Acoording to Henrioi (1949) frost
and drought oanse a deorease in starch values and an inorease
in sugar values of the aerial parts of lucerne. This ocours
through hydrolysis and translocation of starch, vhich takes
place rapidly at low temperatures especially duriny; the night.
Both Quin (1942) and MoAnnally (1943) found that gas formation
is inoreased by the addition of sugars to fermenting ruminal
ingesata, and Yuin {1943) showed that the ocourrence of bl~at
can be oorrelated with inoreased sugar values in lucerne.

Although Mead, Cole and Regan (1944) showed that bloat
can be produced under varyilng environmental conditions,
provided the lucerne is in the appropriate condition and
stage of development, the present author is of the opinion
that environmental oonditions, such as frost and drought,
oan inorease the incidience of bloat by ocausing an elevation
of the sugar content of the plants. If other etiological
factors are favourable, the Lnoreased gas production, re-
sulting from fermentation of these sugars, vill accentunte
froth formation and the possidility of bloat.
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The erustation reflex in sheep and ocattle, and factors
affecting 1t, have been studied mainly by the method of foroced
alr insufflation and direct reocording of intraruminal pressure.

I. _ ) . TR
(1) Eructntion ie a complex, co-ordinated reflex involving

the rumena, retioulum, cardiac orifice and the oesophagus.
It consists essentially in the movement of free gas from the
dorsal rumen, forwards and downwards to the sardis.

This 18 acoomplished byt~

(a) A forward wave of ocontrastion of the ruminal musoula-
ture {as distinct from the usual baokward cyole of
contractions).

(b) Opening of the ocardiac orifice which, it is argued, is
brought about by the contraction of the lateral and
medial pillars of the rumino-retioular fold.

() The clearing of the sardia of fluid ingesta efrected
by relaxation of ths »atioulum.

The importance of this phase depends on the degree of

£i1lling of the rumen,

The main stimulue for sruotation is gas pressure in the
poaterior dorsal sac of the rumen.

(2) Prom variations found amongst the individual experi-
mental animals 1t ia argued that the efficiency of the reflex
may depend on hereditary faotors.

II.

The faotorms affecting the reflex discussced are!-
(1) Mechanioal.

(a) Obatruation of the ocesophagusa.

(b) TFrothing of the ingesta.

(e) The degree of filling of the rumen and posture.
Over-filiing of the rumen was found to hinder eruota-
tion by inoreasing the distance between the fraee gas
and cardiac orifice. Elevation of the hind-quarters

7al .
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had a similar effect, whole elevation of the

fore-quarters mitigated the effects of over-

filling. Animals with a non-functioning reti-

culur were found to be partioularly suscentible

to over-filling.

(2) Alkalosis,

In the absense of other factors, the efficiency of
eructation wag found to vary inversely with the degree of
alkalosis as determined by the CO. -comblining pover of the
blood. This was mainly due to reticular parsalysis.

(3) Abdominal Vagotomy.

Section of the right ventral branch of the vapus
caused ahomasal distension and ochromie tympany, again mainly
due to inhidbition of retioular activity. 3ection of the left
dorsal branch diminighed the strength of ruminal contraotions
and eructation efficiency for the flrst three weeks with gubw
sequent partial recovery.

(4) Reflex inhibition from the Posterior Digestive Tract.

Distension of elther the abomasum and ocaeocum reduced
the sruoctation efficlency again by inhibition of the retioulum,

(8) ‘The effeot of vrugs influencing Ruminal Motility.
(a) Hypomotility.

(1) Small doses of prussioc ascid inhibited the
retioculun and backward movement of the rumen
with econsequent inefficiency of eruatation.
Larger doses cause complete paralysis and
abolition of the reflex.

(11) Atropine and histamine were found to inhibit
the reflex oompletely, even before a total
paralylin.of the rumen was brought about,

(b) Hypermotility.

(1) Carbamylcholine interferes with eructation
by oeausing paralysis of the retioulum and
snall inco-ordinated mixing movements of

the rumen.

/..
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(11) VYeratrine aleo causes spastic contractions of
the rumen and retioulum and so abolighes the
rhythmic ocontractions necesssary for eructation.

II1I.

(1) TFrothing of ruminal ingesta is the main cause of hloat
in sheep on green luocerne.

(2) It was found that the foruation of froth is dspendent
on the ocon:istenoy of the ruminal ingeata, which in turn is
influenced by reflex salivary seeoretion.

(3) Reflex salivary secretion is largely stimulated by
the presence of coarse material in the fore-stomachs, and the
amount of saliva seoreted therefore depends on the physioal
oondltion of the fsed. The explanation for the protestive
action of hay is hased on this finding.

(4) 'The condition and type of lucerne fed has a direoct

bearing on the ocovrrence of bdloat.
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8 iBarkley East i1Jerzey cows and tGreen lucerne 3 Irrigated 3 Loam es4 Frost and ' - 1Yes definite evis Frothy 1 Antifrothing
"3 ] sheep ssucculent any 1 speciallys heat ] sderce of heredie-i $ agents
1 3 t stage of s ton rivers 3 1tary tendency tos t (Turpentine, o
3 ] $ growth ' ¢ banks 3, t t bloat in Jer- i t  oil ete,)
H 3 s H L] 3 H 1 sey cows ] t
3 i i 1 4 " e . 3 I S —
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s
breed ands Type of feed

L

' s ] : [
Type ofs Environmentaly Effect ofs Individual sus=s Type of

1] st Species t Irrigated ors
Nos Famming areas type of animal sand conditionsy dry land s soil 3§ conditions 1 watering 3 eeptibility ands bloat § Treatment
3 ] ' 3 ] ] ] s feeding habits 3 H
e " 4 d- ke i 1 H . - |
] $ 3 s : ' : ! s i
9 ¢ Kroonstad g Cattle tYoung sueccu- 3 Irrigated 1 Heavy sFrost if lucars - $ - s Frothy s Antifrothing
] ] tlent green lue-s $ vliei ne is succu= H ' 1 agents
' s tcerne 12«15"ns s soil 1 lent ' ’ $ t (old oil ete,)
: . t n : : + — : -
10 Koppies H Cattle sYoung succu~ § Irrigated s Hea tFrost, droughts - 8 Yes, greedy s Frothy s Antifrothing
] ] tlent green luw=i $ blae ¢ and heat {] srapid }coders ] t agents
’ : scerne and lu=- § 1 turf ' s s $ (turpentine or
s ' $ cerne hay ) 1 soil 3 s ’ s 0il)
1 1 i 1 . A e L i H
s ' % 3 t 3 3 ' 1 '
11l 3 Ficksburg $ Frieslands and sYoung succu~ § Irrigated 1 Sandy iFrest and heat:t Animals s Yes, animals $ Frothy s Turpentine
] $ Jerseys, Dairy slent clover g loam tespeeially mdds bdloated 3 witﬂ big appe~ 1 ¢ in milk; as
3 s cows 14=6" high, drys ¢t small 3 4ay heat 1 when they: tites and rapidi 3 preventative
] ' t lucerne hay 1 s portien: swere firsts feodaers ] s feed roughage
] ] ] H $ elayey $ allowed 1 s $ prior to pase
] ] ] (] ] s ] water 3 ¢ turing., Allow
H ] ] ] ] $ ' s t 8 od mixed graas
] ] ] H ] ] ] ] 8 clover pasture
L 1 H s L] ' s ] : $ before pastue
t H ] ] ) ] ] ' : $ ring pure clo-
' : s ' 4 s s ' L] L] ver,
i | . 4. s | - - H ' . A
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yield by many of the cows. At the time of the vieit the ocowe
were becoming used to the milking msohine, milk production wae
returning to normeal and the incidencs and severity of bloat was

deslining.

(¢) Renariop inyesiizatians. jnto the Qagurrsnas.of Rloat
an.the farn Bcakfontaln, lrens.

SeOers.. ga.Baard.

Miatorys Over a period of ten days the owner hag had
six sporadic oases of bloat amongst hia dalry herd, oonaisting
of falrly high-grade Priesland cowvs, Bloat started to occcur
approximately four daye after changing over from veld-grass to
grazing on an o0ld mealie land with abundant green cow-peas
(Vignia Binensis) between the stubble.

Eeoddng Reglze

(1) Animale sleep in hare canmp.

(2) Brought in at 4 a.m, into stable for milking.

Fed: dareen, ocut cowepeas (out previous afterncon),,
approximately 10 1lbs. per cow. {Approximately 4 ton for 50
to 60 cows over 24 hours).

R.B. These cow=peas have a large percentage of green pods and
are very succulent, The animals are next given a 50,50 mixture
of s proprietary conoentrate and mealie-meal (3 lba., for each
gallon of milk produoed), and two lhs, of chopped mealle stalks
and leaveas.

(3) The animals are let out at approximately 6,30 a.m,
and have the opportunity to 4drink water. They are then sllowed
to grase on the lands, where an abundance of green cow-peas wi t}
pods are avallable, Theypgrase until noon, wvhen they are taken
to water which is avallable in the camp. AfSer watering they
grase again mntil 2 p.n., vhen they come bask to the astable for
the same routine, commencing at 2,30 p.m.

Shaseryationa!

(1) The large type of animal, producing over four gale

lons of milk, was mostly affected. Thua heavy prodncers and

heavily fed animals (over 12 ibs. concentrates),
Prieslani wo%se
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(2) Bloat was of the frothy type, possibly complicat
by over-filling, because not all the cases responded to treat.
ment with anti-frothing agents, and bloat usually occurred
alier arinking; a fill of water at twelve noon, Most oases
oocurrsd between 1l-and 2 p.m., In the ocases of bloat examined
the ruminal ingesta was a frothy, glutinons mass with a low
Tibre ocontent.

(3) There 1s evidence by the veterinarian in charge,
that one of the bloated animals showed gaseous digtention of
the small and large intestines on opening immediately after
death,

(4) Peedines Habita: It waa notioed that the out
oowepeas, fed in the stable, were consumed greedily, especinll
by the large type of animal, Approximately 10 lbs, being con=
sumed in half-an-hour,

SLongluslongt

The main cause of bloat in this oase was over-feeding

of a dlet with 2 lovw fibre content, which leads to frothiness.

Direot over~-fllling was a possible contributory factor.

(D)

(Observations made by Veterinarian in charge,
br. U. Yon Backetrdm).

The Munioipal Sewage Farm is divided into plots of
approximately 150 acres each, on which Italian Rye is grown
undsr irrigation, The plots are irrigated dsily with large
amounts of sewage water (approximately two million gallons
vater per 180 acres per 24 hours; equivalent to 200 incheas
rainfall annuelly). Under these conditions the Italian Rye,
which ia naturally prolifie, grows luxwriantly and is extremely
sucoulent, The graszing is hired by various dairy farmers in
the vioinity, and one particular farmer has had severe loases
from bloat, OCut of a total of 160 scows, 48 dled over a period
of 14 months.

Biggkt The animals are all very good quality high-producing

Priesland oows.
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Zeeding Rezins

Each animal is fed 6«8 1lbs, of concentirates and a
1iberal amount of dampened lucerns hay twioce daily, dwring
nilking., HNo roughage is supplied., After milking, the animals
are allowved into a bars camp for watering, and then out onto
the rye pasture immediately adjacent, until the next milking,
when the procedure is repeated. Observations indlocate that the
animals 4o not drink water ;n the camp, but prefer the sewage
water with a high chloride content, running in the irrigation
furrows, Because the pasture was sdjacsnt to the stables, ther:
was no opportanity to grase the veld while moving to and from
the pasture.

Shasrxasiona.gn she Qasuxranci oL Bloakt

{1) The bloat was of the frothy type and was treated
suceessfully with anti-frothing agents,

(2) sBome of the plots lie on a slope with very sandy
s0il. The stand of rye on these plots ia less luxuriant than
on the riocher, loamy soll on the level, JMost of the onses of
bloat has been obaserved to occur on the latter plots of suoou-
lent rye.,

- {(3) ‘The rye is not allowed to seed, but 1s cut or
grazed regularly. Most casea of bloat oocur when ocattle praze
on a full stand of rye, Hardly any bloat oocurs vhen the rye
1s firast cut down, and the oattle allowed to graze on the
stubble,

{4) It appears that dloat ia worae during the winter
months. This 1s explsined by the faot that during winter the
other grasses and weedg dle off, and a practically oure stand
of rye prevallsg., During the gunmer months the rye pastures
are oontaminated by weeds and grasses whioh will prevent bloat
by virtue cof thelr abllity to stimulate reflex salivation. It
was noticed that the cowe keep the coarse grasses on the edges
of the plots, and along the irrigation furrows, closely oropped,

(8) Environmental faoctors seemed to play a role,

The incidenoce of bloat inoreased after severe frost,
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7.

(8) VYnen asdavised to feed teff hay before pasturing,
the incidence of bloat was markedly reduced.

(7) Individual animals were observed to bloat repeated
1y.

{8) Althougzh other dalry farmers in the wielnity aleo
used the grazing, hardly any oases of bloat cocurred amongst
their animals, The obvious reasons are the followingte

{a) ¢he particular herd subjected to bloat, had mccess
to the best plots with the most luxuriant stand of rye. The
other farmers usually preferred to pasture their animals on
the rye-stubble after cutting, espesially in winter, A full
stand of rye was only used as pasture in summer, when there
wvas adequate veld grazing, or contaminating ocoarse grasses,
amongst the rye to supply roughage. Thegse animnls algo had
veld grazing avallable at night, as well as ample opportunity
to grase while being moved %o and from the pasture, over a
distance of 3 to 4 miles,

Senclusiona:

The bloat, which was of the frothy type, was due to
a 1lack of roughage in the dlet of the animals belonging to one
particular farmer. The other herds in the viocinity had acceas
to sufficient roughage to prevent bloat,
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A PP LB DIX I
(A) YEJERINRIANS.

Summary of Questionaires submitted to veterinarians in the field,

: : ' 3 ) ) : 1 ]
3 ] ! sDo individue; a (] : H
H H H sal animals ] s 3
No. 3 Area, t Species ands Type of tbloat repeas;Type of feed and x Envirommental 1 Effect of 3 Type of Bloat 3 Treatment and
s : 1 breed of 1 aninmal, s tedly and scondition of feeds Conditions. s watering, tusually encoun-s Prevention of
H ] animals, : feeding s ' 3 tered, ] Bloat,
] ] ] | habits, 1 (I ] H ]
N : : : . 0 - + '
1 Calvinia, 3 Jaruay t Any. s Yes. s Lush, succulent : ¥#ilting and s - ] Prothy. s Turpentine, rai
H H Friosland.t $ Greedy and 3 green-feeds, s frosting. ] } $18ing fore-quare
] s s ] hungry. § e,g. lucerne ] (] ’ tters, massage,
s : ] ] 3 and wild clover,s 1] ' tstomachptube and
3 $ : 3 t Leafy lucerne s ! strocar, Feed £
$ L] ] ] ! hay, $ s ' sbrous material
s s L] s : s t ! sprior to lucerne
' s H ] H s t tas preventative,
H i ] 1 H ' 1 4 i
s ] 3 s ] ] 1 1 s
2 § Middelburg C.,P. 1 Jersey,  Milking cows.it - t$ Green lucerne 3 Hot, dry wea- g - sMostly frothy. s Bland oil or
s ¢ Friesland,s ] t$ and lucerne hay.s ther. s 3 3 Turpentine,
: ' Africander. s ' 1 ] ] t :
-4 : + + T n ,L -+ g
3 Qudtshoorn. $ Jersey, 1 Milking cows,: Yes s Green-feed, s wilting, L} After Frothy, 3 Turpentine or
: $ 3 especially s rapid t lucerne. s heavy dew, 1 pasturing,i s anti-frothing
] ] 8 1f pregnant, 3 feeding s ] ] causes 3 agents,
3 ] ) ] s ] srapid bloat; '
1 + + : - T : -+ +
3
4 3 Swellendam, s DBovines t Milking cows,s Yes s Green lucerne, 1 Wwarm weather - ] Frothy, s Turpentine
] 31 and sheep, 1 $ Greedy 3 clover, wheat wilting, s s t
! H H ] feeders, sbarley and oats, 3 ] L] 3
i | )| 4. ) - 1 4. i
s ] ! ' 3 ) } s '
5 s Paarl, ¢ Bovines, 1 Milking cows,s - ¢ Heavy, concen=~ 3 - t Increases Frothy,. s Turpentine or
: ] ¢ especially 1 $ trate feeding, t ineidence s anti«frothing
$ ’ t pregnant ' ] 3 of bloat. i ' agents,
s t t animals, s $ ] ] s 3
H 4 1_ - | | 4 'l % i
s ) 3 8 s ! $
6 1 Somerset West, s Friesland.s Milking cows,s Yes, $ Lucerne hay and - ] - % Frothy. s Turpentine, ele
H ] # especially ] concentrmtes, 1 H ' s vation of fore-
s s § pregnant s s ' s s quarters, mass-
$ s : animals, $ $ 1 ? $ agey troear,
] ] ] : ] 1 ! L] ! 1 if necessary.
: 3 + y t ; T + :
s s
73 Queenstown, t Frieslands n ¥ilking cows,i Yes, 3 Green lucerne i Hot, dry con= - $ Usually free -
s t mostly s especially s Hereditary ¢ (dry land), sditions (wile 3 1788, but also 1
: t{predominants pregnant : tendency s ting). : ' frothing, 1
: ¢t in area). 1 animals, sin 3 pedigree s ' 3 s
] ] s t Jersey cows; s L 3 s
i i i i A i | | |
s s ' ) ] s ) 1 $
8 Queenstown, t Frieslsnd ¢ Milking cows - 3 Green lucerne 3§ Warm weather - $ Frothy. $ Turpentine,
s s and Jersey.s high : 1+ and oats, t wilting. $ 3
H i ) roducers, i i i 1 I . 1
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2,
1 3 ) ' ] ) ' } 3
: s ! tDo individu-s s s i :
] ] ] ¢ al animals ] L] : ]
NOoo.s Area, $ Speclies andj Type of sbloat repea~;Type of feed and 3 Envirommental s Effect of 1 Type of Bloat s Treatment and
] s breed of animal, 3 tedly and scondition of feeds Conditions, 1 watering, susually encoun-s Prevention of
] $ animals, ¢ feeding ] s ' tered, t Bloat,
' L ' $ habits, 1 s ' 8 :
+ -+ + ] - - : + —
9 1 Cedara sFPrieslands, 1 Milking cows,.s - t$ Green lucerne s Frosted and 3 - ' Frothy, s Turpentine,
! s ' 3 sand clover, very i wilted, hot, t : t
s s (] o t leafy lucerne $ windy days, t '
: ] ] s s hay, The best H : (]
] 3 ] s s type of non-stal-s ] ) ]
] ' t ] sky lucerne the ' L] ) $
H 3 ] H smost dangerous, | ' t
: ——t ' : - 4 + +
s

10 ¢ Middelburg C.,P, s Jersey, s Mostly mile- 3 - s Green lucerne, Hot dry t - 1 Mostly frothys Turpentine or
s $ Friesland, 3 king cows, 1 soats and barley, weather : L) t bland oil and
$ sAfricander, 1 3 $ lucerne hay, 1 (wilti.ng’. ! ' 1 elevation of
' ] ] 3 ] t 1] ' s fore-quarters,
4 - | el 1 i 4 - 1
! s 3 $ ' ] t s 3

11 Vredendal 3 - H - ] Yes, s Young succulentsiwilted, or wet 3 After s Frothy. 3 Turpentine or
$ QOudtshoorn. : t s sgreen lucerne andswith rain or ¢ pasturing ¢ s anti-frothing
: I ' ] sclover under irri« dew, t dangerous,s s agents,

s : ' sgation, Bloat s t t ,
' ] : 1 irare on dryland ] [ H
’ ] ] 3 $ lucerne in W.P. ] L ]
0 + - + + + -+ - +

12 ; Port Elizabeth, s Frieslands.s Milking cows,s - 3 Qreen lucerne, ¢t Hot weather, - : Frothy, 3 Turpentine,
] ] shigh producerss ] $ ] ¢ |
- O y -t : : : + :

13 Greytown, sJarseys and 3 ¥ilking cows - ¢ GOreen clover, iHot dry weather; - t Frothy, 1 Turpentine,
' stFrieslands, thigh producerss 3 3 after rain s (]

3 ' s : $ 3 (wilting). s s
0 i ' : — : 0 + <

14 ; Pletermaritzburg.s PFriesland sLactating cowssYes Greedy s Lush pastures, i Intermittent iCases occurs Frothy. ¢ Anti-fermenta=
' s predominantsbhecause they 1 feeders, 3 such as kikuyu s rain and hot sespecially s tives, Trocar
s $ in area, sare allowed ’ s grass and chemo~-s weather (wile 3 after s 1 or Ruminotomy,.
) ' tonto the best 3 3 lier, s ting.) s watering. $
: ] ] pastures, i s ] ] H ]

1 i A i i i i L 1
) : ! 3 $ ' ] ) $ 3

15 Robertson, ] - ' - ] - ¢ Green lucerne, i Dry windy H - ' Frothy. 1 Turpentine or ¢
L] H 3 : 3 ] conditions. 3 ] s anti-frothing
s ] 3 ] ] ' ] '} s agents and elew
4 ] ] ] | ] H L] ¢ vation of fore-
L ] s 3 ! 3 s ’ ] quarters,
4 L 1. i i 1 i 4 i
g 3 s t $ 3 s [} )

16 s Pilet Retief, tDairy breedss Milking cows 3 Greedy, $ Green lucerne 1 Hot weather, 1 - ] Frothy,. 3 Turpentine or
3 1Jersey and s(predominant s hungry sand lush kikuyu 3 2 3 s+ anti-frothing
$ stFriesland, s class of ani~: animals, ] grass, 1 H H 3 agents,

s 3 3 mal). $ 3 ] : : t
L i 3 i | i i i 3
) s 3 ) ) : 3 ] :

17 & Johannesburg, tDairy breeds: Milking cows,.: - 3 Over-eating - 3 - $ Frothy, $ -
| L] 3 H ] concentrates, 3 H 3 $
i F i 3 1 i 1 1 1
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3.
$ s ) ) 1 t 3 ' 3
s ] 3 sDo individues s s s t
] ] ] $ al animals i H t 3
Noes Area, s Specles ands Type of tbloat repea-sType of feed and s Environmental ; Effect of 3 Type of Bloat s Treatment and

3 t broed of 3 animal, 8 tedly and jscondition of feeds Conditions, & watering, tusually encoun~s Prevention of
s 3 animals, s feeding H ] $ 1 tered, ] Bloat,
(] s ] s habits, H ] ] L] H
L i x i i 3 i A 1
) l 3 ) : s [ t .

18 Pretoria, sDairy breeds: Milking cows,s - t+ Green lucerne iWarm sun, fole - ! Frothy. s Turpentine or
L] ] s {(predominant 3 sor other legumes slowing rapid t ! t anti-frothing
L] ' ] class of 1 tand lush grass, 1 growth of ] f ' agents,
s $ $ animal, : $ ¢t plants, 3 ! t
3 1 1: i 1 1 i 1 1
t ! 1 ) ! s 1 $

19 3 Pretoria, sDairy breeds: Lactating [} Greedy 3 Green lucerne, s Hot, humid ] - ' Frothy. s Turpentine or
L] tFrieslands, 1 cows, ' feeders, slucerne hay and 1 conditions, ' ! s anti-frothing
H ] | | ] concentrates, 1 ] ) s agents, Feed
] 3 H} ! ] ] ] ] $ coarse hay and
] ] ] ’ s s ' ' s cut down concen
: ] ] H ] ] ] ( 3 trates,
q : + : -+ : - 1 :

s H

20 3 Krugersdorp. sFriesland, s Milking cows,i Yes $ Green 1ucerne ¢ Rain or dew 1 Watering i Frothy. s Turpentine,
: $ Jersey, shigh producers: Greedy tsand lush Italian $ and hot sun safter pas- t Feeding of
3 3 sespecially if 1+ feeders, 1 Rye. t (wilting)., sturing wileg s roughage as
! s 3 pregnant, 3 ] 3 s1ted legumes: : preventative,
: ] ] ] ' H t dangerous, ]
: : + : -+ + 4 4 +
$ 3

2l 3 Pletarsburg. sDalry brnods: ¥illking cows,.s Yes. $ Green lucerne, t Cloudy, warm 3 Watering 3 Frothy. ¢+ Turpentine,
t $ Friesland, H Greedy t lucerne meal, 3 and humid, sbefore or ]
1] 3 ' $ feeders, 3 tafter feed~! 1
H : ] ] ' s ting, dange-! s
H : : H ] s ' rous, 3 s
3 ] ] 3 3 s : s ]
: 1 s 3 ] 4 T T N

22 Klerksdorp, s Friesland 1 Eilking cows.: Yes, t Young, green lu=: Frosted or s watering s Frothy, $ Turpentine and
$ sand Jersey, H Greedy ] cerne and rye,.s wilted, $ bafore or i t elevation of
H ] : t feoders, ' tafter feood~-g $ front gquarters,
3 s ] s s s ting, dange-i s
] ] s ! ] (] ] rous, 1 ]
1 3 F 3 1 i | t H
s . ’ s $ : 1 S8 K} P

23 1 Vryburg, tDalry breedss Lactating s Yes, t wilted, green i1Those factors 3 Increases j Frothy, but s Turpentine.
] H scows, high pro+ Greedy : legumes, scausing wiltings danger of jalso free gas,
$ ] sducers which 3 feeders, 1 1 s bloat, 1 '
H s sare forced-feds ' 3 H ] s
1 i 1 3 1 _3 3 4 i
t H ) 3 t s ! 3 '

24 3 ? $ Jersey and 3§ Lactating s Greedy : Green 1ucerne. $ Hot weather, 1 - s Frothy. 1 Turpentine or
3 $ Friesland, @ cOows, s feeders, swith wamm windsz s $ anti-frothing
3 s ' 1 : $  (wilting)., ¢ $ agents,
H i 1 1 i 2 1 1 F
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(A)  QEERAZAVE TEGHULGUE-
(o) Zhe.gperalion. for.grealinc.a. cuninal fighulat

The operative teshnique is similar to that de-
scribed by ‘uin, v.d. Yath anda Myburgh (1938).

The animals are starved for 24 hours prior to the
operation and before anassthetising wvith chloral hydrate
(1 o.c. per 1lbs. body weight of a 107 solution), the skin
over the left flank is clipped and shaved. This area is
washed *ith soap and water after the anaesthetic hasg been
adminigtered, cleaned with ether, and Oetavlon (I.C.I.) or
Zephsran applied as an antiseptioc. Full aseptic precautions
are taken throughout the operation,

An incision is mrde in the skin of the left flank,
approximately 5 oms. behind and parallel to the last rib,
Blunt digeection is used to separate the musole layers.
The rumen is drawn out throush the laporotomy wound, freed
of ingesta and a bowel forceps, guarded with rubber tubing
on both Jaws, is applied tc the rumen., A relatively non-
vasoular part of the ruminal wall is seleoted and an oval
purse-gtring suturetﬁ:;Bg No. 1 oatgut on a amsll, ourved,
round needle. An inoision ig made in the centre of the
sutured area and the flange of the previously boiled fistula
tube of ebonite with attached rubber tubin;;, 1s passed through
the slit. The lips of the incision are inverted and the purae-
string suture tightened. If invagination is incomplete, a
sesond purse~string suture 1s applied. Sulphanilemide vowder
is then applied to the visoeral peritoneum found the fistula.
It 18 felt that this ensures firm adhesion betwesen the visoeral
and parlietal peritoneur after the tube has been drawn into
position, A atab wound is next msde through the skin, muscles
and peritoneum at a point high up in the angle between the last
rib and transverse proceasses of the lumber vertebrae, and at

least 11 to 2 inches away from the laparotory wound. A pair
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of long artery foroeps is passed through the stab wound,

and the rubber oconnection to the fiatnla is gripned, and the
tube and fiastula are drawn through the stad wound as far as
possible by gently incising the opening until the tube slips
thrcugh., If the stad wound opening has become too large, a
single interrupted suture, using No. 2 entgut, is applied to
the skin close to the fistula. The laparotomy wonnd is
clossd by suturing the pritonsum and muscular layers separate-
1y wvith a ocontinous euture of No. 1 oatgut. The skin in-
cision is closed with an interrupted mattress suture of No. 2
catgut and oollodion-iodoform used as a dressing. The rubber
tube attached to the fistula 1s closed with a tight-fitting
cork and a collar of cotton-wool is tied tightly round the
fistula, in order to snaure that the visceral anc pa -letal
peritoneun ig kept in contact, and to prevent the fistula
from alipping into the rumen after healing has taken place.
The wonnds usually heal by firat intention. After-treatment
consists in ocleaning and re-=placing the cotton-o0l aollar
round the fistula once a wveek.

In the case of the bovines, the same operative technijue
is employed, with the exoception that the operation is perfor-
med under paravertebhral anaesthesia, using a 2% novooain so-
lution, with the animal standing, instead of general chloral
hydrate anassthesia, The same type of ehonite fistula is
used for bovines, but these should preferably he provided vith
a ridge on the tube anproximately 2 inches above the flange,
behind which a wire olip can be fixed. The olip will vrevent
the fistula from falling into the rumen. A ocotton-wool gollsr
is not considered necessary in the bovine,

(b)  1he operationa.for abozasal and gasaal figiulge.

Essentially the same operative technique and material
are used as desorihed above. The incision for the abomasal
fistula is made approximately two inches from and parallel to
the costal arch on the right ventral side of the animal, star-
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ting about six inches posterior to the xyphold ocartilage.
The stad wound through which the fistula 1s pulled, ;a made
two inches to the right of the mid-ventral line. The fiatula
18 ingerted near the pyloric end of the abomasum, The stad
wound for the ocaecal fistula 1e made in the centre of the
right flank of the animal, approximately three inches ventral
to the tranaverse processes of the 1!;:001‘ vertebraze, The
laparotomy wound is made about tvo inches behind and parallel
to the last rib,
(o) Izhe guarotlgn for abdominal vagotgmy.

This operation has been described by Hoflund (1940).

The animals are starved for 48 hours and anasgthe-
tised with ghloral hydrate in the manner described above.
The operation site, ocomprising the ventral side of the animel
posterior to the xyphoid ecartilage, is prepared in the nsunl
manner. BStrict aseptic precautions are taken throuzhout. An
inclslion, approximately six inches lon-, is made about one
inch to the right of the mid-ventral line, extendin;- from
immediately behind the xyphold oartilage. The hand of the
operator 1s insertsd through the inciaion and a hook, with a
string attached, is applied to the retisculum, By exerting
traction on the atring an asaistant pulls the rotlouium to
one side in order to clear the aardiac area. With dlunt
dissection the opsrator 1solates whichevar branch of the vagus
(right ventral or left dorsal) is required. A long silk
thread is tied round the nerve, and the nerve is oleared for
a dietanoce of about one insh. %Yith a palr of blunt scissors
about one inch of the nerve 1s exclsed. By visual inapection
the operator makes absolutely sure that the nerve is actually
severed. The laparotomy wound is 6losed in the manner de-
scribed previocusly.
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Bih Julv 1325L.

Jals Estates has a large herd of pure-bred Frieslands,

xant for milk prodvotion and redigree breeding.

#3triet recrrds are ksct by ur, Mofarlane, the vsierins-
rien in charge of the farm., Eloat 1& a serious problam at
Ieis Estates, a fer aases ocoevrring almost dally.

The animalr are forcec-rad for production,

Ezs9ioz Asgdme:

Cowa sleen overnicsht in bare paddoak.

da.m.t Broucht intc steble rnd fed chopped, soaked
lucerne hay. After thlg they are given dairy mazl, and milked.
Water 12 oconstantly avallable to emch oow. Aftar milking, the
acnrg 59 Lo arazlng.

9 a.m.t Cowa to pawacak with %eff hay avallabls,

Reg? from half-an-hour to one hovr,

10 2.m.3 Cows ints strlsle, fed ard milkec ne herope,

To razing.

S T.E.:  An bef~re agnin,

Miarusl G02d auallity lucerne hay, al) adtnainec baled
ron ming-on, An fairly larg~ asonalgnmanrte,

Lelry Meal: Mixture ¢ yellow merlieemcal, 547
Yren, 1313 Coerse gerr meal, 633 Mcakey-nut roal, 9%y
cunflower, 4.; lalsze bran, 43 slncral mixture, 373 and
¥oleanes un to 27.

fxoalni: uUrazing 1sg either oatlands or veld, nra
evallahle.

dacurcenge gl dloat: -

Jaces of t:oat ocour clmost 2ally, moeily betwean
£ a.m. and W s.@. milkings. Jases bavs, howvevar, DLaen acan
to goour within a fey rilnatee after the 10 a.rn., astebdle feed.
‘Thore 13 Jecidnd evi.ieroce of Lndivicnal cuscsntibllity, aa

oertelin nowe d2firitely tend to hlosat repeatedly. Thers is

‘:/..'
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also the impreasion that many of these habitual bloaters

are from the same breeding line. This indiocates hereditary
susceptibility to bloat, but, for obvious reasons, these bree-
Jing records are not available for publisation. It was notloed
that the cows usually arffected are the best fed, heavy produ-
oers and the greedy feesders. Aocording to NaFarlane, it appeart
that the greater the moisture content of the soaked luocerns,
the greater the danger of dloat. shutting off the individual
water supply to each cow, and using a ocommon trough, inoreased
bloating. This may have been due to the cows drinking large
amounts at onaoe.

<xna.of dloat and InsaSmens: -

Most of the cases of bloat were due to frothing of
the ingesta. This oconclusion was drawn from direoct observa-
tions of ruminal ingesta, and the benefiocial effect of treat-
ment of the cases with anti-frothing agents, uch as turpentine
or Avlinox (ICI). Cases that would not respond to these mea-
sures, were walked up a rise, vhich immediately facilitated
belching. This proves that some oases at least were complioca-
ted by Alreoct over-filling.

Songlualan:-

The frothy bloatlin this instance is attributed to the
feeding of large amounts of feed lacking in roughage. Apart
from the dairy meal which is entirely devoid of fidbre, the
lucerne hay was deprived of its coarse character by chopping
and wetting. The oatland grasing iteslf was also lacking in
roughage, and, although the veld grazing at times should have
been coarse enough to prevent bloat, some animals must obvious-
1y have consumed insufficient amounts to afford protection.
This was probably the result of heavy stadble feeding, whiogh
further contributed towards bloat by causing a relative over-
filling of the rumen. It is signifioant that most oases of
bloat ooccurred after the 3 a.m. milking, when the cows had nos
had any grasing since the previous evening.

a/"(
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{B)

MoFarlane reported numercusg oaases of bloat as from

24/1/82. %The feeding and general routine had remained ag

desoribed in the report of 5/7/81, and only ocoasiona) oases
of bdloat had ooccurred in the interim, On the 23rd and 24th

the cows wers for the first time milked mechanisally in a
newly-installed unit. The feeding remained as before, On the
24th there’vcre thirsy onses of bloat of varying severity and
one death. Further large scales outbreake oocourred on subse-
quent days, and on the morning of the 26th thers were sgix
moderate cases of bloat. The bloat occurred very ranidly withe
in twenty minutes of feeding lucerne which had been previously
soaked in water, and before the dalry mesl was fed,

Bloat was of the frothy type in moast cases. In spite
of the fact that some free gas escaped from a fevw animals after
trooarization, 1t 1s Delleved that some degree of frothing was
present. Bloat was most common at the J a.,m, milking, i.e.
when the cows had not had any graxing since the previous day.
Animals which received a enmall ration of luaerne and had not
been introduced to the milking machine, had not shown any bloat,
Ireatment!

MoFarlane reported excellent results with I.C.I's anti-
frothing agent Avlinox., It was further found that spraying the
1uoerne with a one~in=ten dilution of Avlinox greatly reduced
the incidence of bloat.

Sanclualont

In the light of the evidence, the conolusion is justi-
fied that the wide-gpread dloating was ascoclated with the
introduction of mechaniocal milking. The peychic upset must
have resulted in the production of asdrenalin, which affeects
both reflex salivation and the eructation reflex. This oaused
large-scale cutbreanks of bloat in these animals, already parti-
cularly sugceptible to bloat as a result of the specific fee-

aing regime, The upset was also reflected in a reluced milk
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ERUCTATION EFFICIENCY,.
Bhee'p Nos.

-
=
(s
(e ]

"

Iod 50 S0 00 29 S0 20 TP €O BB BT SN 5O o5 SF SR w0 B 4 50 24 25 26 e v

Date. 3

24/1/51
26/1/51
30/1/51

7/2/51
268/2/81
12/3/51
19/3/81
23/3/81
27/3/81
29/3/51
11/4/51
20/4/51
10/5/51
18/5/51
16/5/81
17/5/51
23/6/51
28/5/81
29/5/61

4/6/51

6/6/51

””””“‘O“”“””“““ﬂ.’“””""“P.”l

COHNI RGGRS s | hCibddl
PRI UMBRNI IO bbb

bhtal GRarCid> ) T 2 P E YL
ki AU NOY
e J7RO AN -F X SRR R B B2 I B B B

P.““"..'0”.‘.‘.‘“""“““““”‘I”"OQ“-...'.”-‘
NVWOTUWHHI2OO0! OOt T Lt 1 1

-..’N"“““”“"““”““”““““”““'P“

bu“nnnu”“unoo.oununnnaou.o“po”

r“n"““““"””n‘“““““u"“"“b.‘

Conaclusion: It appears that there is a marked individual
variation in eructation efficlency betwveen the
different sheep in the group, as well as a marked
variation in individual animals themselves.
.Frothlng did not play a role, as each animal uas

given an anti-frothing agent before recording,

()

Blx of the experimental sheep were used. VWater was
removed for 24 hours prior to the experiment, but lucerne hay
vas avallable up to the time of recording. A recording of
eructation efficiensy, '+hich was rated arbitrarily, was obtain.
ed from each sheep by using the method of foroed alr insuffia-
tion. Frothing of the ingesta was prevented by dosing an anti-

5/000
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frothing agent before recording. The sheep were then watered
and fed lucerne hay ad _Jik. for a period of 2 howrs. Food
and water consumption wew then taken and a recording of

eruoctation sefficiency made. The resgults are ;iven belov:i-

Date ¢ .
: H H : $ H t 1 $
Time: :lnocer-i Water:t.i.lLuser~: “aterit,E,lLucer-t Water:E.E
tne hay! H tne hay: H tne hay! H
H e 1 2 i 1 1 2 2
: : s s s s : s :
1la.m,? H 1 2 ¢ H t 4 H t B
2p.m,t 380 : 25403 Y ! 310 ¢ 2700 : 3 ¢ 440 ;3 3820 : 2
tgrams ¢ 0.0, ! Zrams: o0.0.! ! gramst! ©.0,
dp.m.: H H H : t*1 ¢ : H
2 I H 2 2 S 1 3 _j

- R T : : o :
Time: :Lucer-: Waterit. .iLucer-: Hateri! .E,:Lucer-: Yater:t.Fw,
*
[ ]

tne hayt -2 ine hnyt t tne hayt
i 4 2 H 1 3 1 i H -
H H H H H H : H :
lle.m.8 s t 4 ¢ H ! 5 3 H t 5
2p.m.: 420 ¢t 2780 1 3 ¢ 430 : 120 : 3 ¢ B30 : 3480 : 1
tgramg ¢ o.0.% :t grams: 6.0,°% ! sramal! o0.,0,¢
Sp.m.? H 1"l 3 ? ] H :
H H :

H
1

I S S S

"Sheep Nos. 2 and 4 each dosed “ith 1500 o.c. water into the
rumen in order to further inerease the volume of the ruminn}
contents.

Concluaion: It is evident that the reduction in eructation

effioclency ocoincides with the oombined food and
wvater intake.

(V)  ZHE KECEGT OF WATRGING N THE ANGLUENGE QF SLOAT IN
SALLLE-

81X bovines of the Afrieander type, approxinmately
2 years old, were divided into two equal groups. They wvere
fed on a hasic ration of good quality lucerne hay. Pood and
vater vere removed from both groups on 3 p.m., 11/7/51. On
12/7/51 at 8.30 u.m..group I was given water, vhile group
IXI remained ithout. At 12.30 p.m. doth groups vere ysiven
suoculent gresn lucerne gd J1ibh. The animals d1d not take the
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lucerne at first, but on 8 a.m., 13/7/51, 1% wae noticed that
they must have consumed a large amount over-night. The ro-

sults are riven helow!-

: Group receiving water§ Group ithout water
vate  lprior to green lucerne,prior to green lucsrne.
'Sovine No.'! vegree of :Bovine No.: Degres of
: ' bloat. bloat.
H 3 O {
] 1 H H
() 12/7/61 ¢ 4348 : Pull only : 4377 ml
t 4293 ¢ Markedly ! 4281 ¢ Ml
H !t bloated H H
H 4340 ! Mall only @ 4443 ¢ N1l
{" %* : N
(b) 17/7/81 ¢ 4377 ¢t Mull only t 4348 ! Nil
: 4281 ! ¥4lightly ¢ 4293 H Nil
: ! dloated : H
H 4443 ! Tull only !¢ 4340 ¢ Nil
-+ + + E
(s) 20/7/81 : 4348 ! Slightly 43 ] N1
H ! bloated H H
3 4293 1@ Ml $ 4281 H Nl
H 4340 H NiY H 4443 ¢ 1) Bt

In order to exolude individual susceptibility, the groups
were changed round on 17/7/61, the animals previonsly in roup
2 receiving water prior to lucerne feedins. The results are
siven in table (b).

The original experiment was repeated again on 20/1/51.
The results are given in Table (o). In the last two experi-
mentas the bovines immediately took to the lucerne, and bloat
wags evident at 3 p.m. the game afternoon.
Conclusion: The incidence of bloat was greater amongst the

animals vhich received water immediately prior

t0 green lucernse.

() |

Fourteen non-ristulas sheep and one bovine were used
for this experiment. The sheep were divided inte two eqnal
groups, and the bovine was placed vith one of these roups.

One of the greups was given lucerne hay and water up
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7.
to 8 a.m. in the morning of 12/6/81, while the other group
received only lucerne hay, water being withheld for 16 howurc.
At 8 a.m, on 12/6/51, the latter group was nllowsd to
adrink water before both groups were put onto frested gresn

lucerne pasture. The results are given in Table (a).

Table (a).

] { Group IT: water withheld
tGroup It hay and water up :for 16 hours; allowed to
tto the tinme of pasturing., ! drink weter immediately

! ‘ordar o luascne oastucing.,
3 : ! t
Date. {Animal No.lDeyrse of BloatiAninsl No.tvegree of Bloat.

¢ 3 2 1
] H H H

12/6/61 81643 ¢ M1 ! 81169 @ 8light
t 79815 1 nl t 81160 ¢ Marked
t 79904 t PMull only t 89728 81icht
H 79833 t  Full only t 81141 ! Hoderate
3 81131 : Mederate $ 82430 Moderate
: 81133 ¢ NLil ! 80085 ¢ 811§ht
: 81186 : Moderate ' 81181 ¢ 141 1
: H tBovine no ! Marked
H L t number !¢

OUn 14/6/51 the experiment was repeated, with the exoeption that
in this ocase luserne hay and water were withheld fro~ both
groups for 16 hours. The group of animals given water prior

to pasturing in the previous experiment, were mlloved onto the
pasture without drinking water. The other group, which had
previously had water and food available constantly, wers now
cosed with three litres of water each before allowing them
on%o the same frosted green lnocerne pasture. See Table (b)

for the results.

()

[oos
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Table (b).
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Group I: Food and water
vyithheld for 16 houras.

Posed three litran water
prior to pasturing.

Oroup Il! Food and water

+74 thheld for 16 hours

prior to paaturing; no
wvater lven.

l*'ﬁ_.t 20 AR WO se

s N % Sa 8% P A% »e

bate. Animal Mo.: Degr»e of Bloat'Animal No.:uegree of Bloet.
13 i — H :
H H H ]
14/6/51 81643 ¢ $light : 81169 ¢ N1l
: 79815 ¢ 31icht : 81180 ¢ |Moderate
s 79904 ¢ Marked $ 89725 N1
: 79833 ! 31iizht : 21141 ¢ 31i:zht
H 21131 ¢ Marked H 82430 @ N1l
H 81133 ¢ Hoderate $ 80085 ¢ Nyl
H 81166 @ ¥arked H 81181 ¢ W1l
H : $ Bovine no ! N1l
H $ ! nuber
H i H H

Conolusion: 1t appears that the incldenoce of bloat is greater

in those groups receiving water before pasturing

gresn lucernse,

The luocerne was in the approprints

stage of growth and very sgsucculent. By ochanoe,

the pasture actually had severe frost during the

night preosding both experiments.
(F) THE EPFECT OF DOBING SOUIUM OARBCNATE OF THE: EFFICIENCY

Note: 4,XT.

OF ERUCTATION, RUMIiAL o
RESERVE CF THE BLOOU OF SHEEP. (Detriled data).

rating of sructation efricienocy.

apigno

Bheep No. 2,

24/10/81: 8.30 a.m.
:

] wenk

1
RN A et
' : ' [ : $
Date. ‘! Time, t pH ¢ G0~ 1K.K,¢ Rumen Motility.
H 1 1 i z —
t s $ H t
23/10/61t 9.30 a.m. 6.7t 61 : 4 @ Normal
H t H H $
$10 a.m. ! Dosed 3B gram sodium oarbonate.
: H H t s
110,30 a.m, 18.2 ¢ H {1 contraction per 5 mimrey
H H H : H
$11.15 a.m, $8,4 : B9 : 2 $PForward and backvard ocon-:
H : H H H tractions weak.
H H H 3 H
! .18 pem, 17,20 72 : ) :Both types of oontraotion
H H H t wenk
: H t H :
16,6 ¢ 76 : O 1Both types of contracstion
4 H H
H H H

i

®
R ]

9/.0.‘
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' L2}
H Bhenp No, 2.
H
s H : ] :
Date. : Time. LI CLI 002 1E.E.8 Rumen Motility.
3 L 3 H F
t ' H : }
: 2,15 p.m, :6,8 ¢ 7?6 : 4 t(Inoreased rate of eructa-
: H ! $ tton oontraction on nir
: ! s H : insufflation,
1 : ! ! H
20/10/613 6,30 a.k. 0.2 3 6B 3 1 (Very wWwaak oontraotions
H H H H t2apncially backward.
H H H H tReciioed rate. Contrace
? s 3 H itions sfrong. Anlual
t H ' H H rups.nating,
t ! : ! H
t 2,108 n.m. 16,73 81 3 4 i1Contractions strong,
H ? H t taninal modnating,
] ] H : H
23/10/83t 8,30 a.m, 16,8 ¢t 63 : 4 iContractions recular and
H H H H tstrong. 1iInoressed rate
H H : H H on insuffiation.
H s t H '
. H - 1 3
t
t shceoep No. 3.
: t : : : -
Date, 3 Time, t pH ! 00, IE.k.!$ Rumen Motility.
e A T W —
H H H H H
32/10/61¢ .30 a.m. 36,7 t 82 1 4 Noranl
! : H ! :
t10 a.m, ! Losed I8 grems codlum carbonate
H H H H :
110,30 a.m, t8,% 3 H H Ml
H H : H :
$11.15 a.m. 8.2 ¢ 6% 3 1 ilburing air inoufflation
: : H ¢ tregulari inefficlient
H 1 t H terotation contrnotions.
H H 3 H H
¢ 2,15 pom, 37.0 3 77 3 O iRaduced rate of eructation,
: H H ] H
24/10/81: 8.7%0 a.m, 36.56 1 B0 ! O 3Reduced rate of eructation
H $ s : H
P 2.18 p.w. 8.9t 78 ! O tRaduced rate of enctation.
t H s s H
36/10/51 8,30 a.w. 37.5 1 54 ¢ 4 :Bath types of contraction
s L : H : normal rate.
H H : H
! 2,15 pom, 16,6 ! 36 ¢ 4 Cantrantions strons;
: : : H t aniczl ruminating.
H H
26/10/51: 8.30 a.m. 16.7 $ 81 ¢ 8 iCantractions strong, ine
H : H H 1oreased rate on insuffia-
: : H H H tion.
1 3 4 L i

10/...
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l0.
—
s ,
! Bheep No. b.
1
s ! s H H
Date. t ‘Time, ! pH & 005 $F.k.t Runen Motility.
. 1 H e e
0 ! ! H 1 _
23/10/51: 9.30 a.m, 36,7 ! 89 1 6 ¢ Normel
: H H H H
110 a.n. ! Dosed X grams so’iu carbonate
H ' H H H
110,30 a.m, 7.7 @ H H M1l
117,15 a.m. $7.0 } 71 t 2 tMi), regular ineffiolant
H : H H teoustation snntragtions
: : H : iduring alr insnfflation.
3 s H H H
P 2.19 pem. 7.1 8 77 1 2 30nly regulsr eructation
: H H H H gcrtractinns
: : : t t after insufflation.
H : H H H
24/10/311 8.3 z.m, 6.0 ¢ 74 t 0 tBoth tvane of sontractims
H H H H H vary wesk.
H s H H $
! 2.15 p.m, !6.,8 ¢ 66 ¢ 2 :Both types of sontractiong
H : H ' twerk; Ancrenssd rste on
H H s H : insufflation.
H H s H :
26/10/51: 8.,7%) a.m. 16.9 1 66 1 O 3Bosh tyses of yontractions
! : t t twenk; 1inoreassd rate on
: H $ s H Ansuffrlation.
H 5 $ ! H
t 2.13 p.m, 16,8 ¢ 57 : 3 Coatractions sitrong} in-
H t s H H oraansed rate.
3 ] H H H
26/10/5%: 8.3 n.m. 16.8 ¢ 50 t 4 tCUoatracliions strong and
H H ! s regular; inoreased rate
$ ¢ $ H H on insufflation.
t H $ H :
- i b I
H sheep No. 7.
- |3
t : $ : $
Dnte. ¢ Tine. ! pH ¢ 002 $E.F.¢ Rumen Xotility.
. . 4 H A
H t $ t H
23/10/81¢ 9,30 a.m, 16,8 ¢ 53 t D ¢ Hormal
3 ! t H H
1L s.m. ! Yosed 30 zrams sodlum carbonate.
H : H ¢ ]
$10,3 a.m, 170,38 H i aructation centraction
H s H H H par & minutes.
H : H H ¢
$113.18 2.m. 19,21 69 1t 4 $tOnly rerular efficient
H H t H ! rantatinn ocontresoctions
1} H H t H
t 2,15 pem, 38,7 ¢ 73 ¢ 3 10nly eructation dcontrac-
: : : H tiione vroduced rate repular
H H H H
24/10/61% 3,30 a.,m. 36.6 1 80 t 3 $Only eructation contrace
: -: : H $tlona reduced rate recular
H H H
! 2,10 pom, 36,01 73 ¢ 3 :i0Only eructation oontrace
H H t $ ttions reduced rate recular
% 3 H 8 $

/...
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: Sheep Mo. 7 (oont,)

H ; 3 H H

Date. 1 Time. ! nH 1 COp tE.E.I Rumen Motility
i e H H i
: : 7 : 63 : b :noth t T asontrac~

0 $t 8,3 a.n, 18,7 ¢ yYpes 0

28/1 /51: ' H H H : tions atrons.
H : 1 H 4
: 2,15 n.m, 8,86 ¢ 53 2 B :Both types of conirao-
: ' : : H s tions stroncg.
H H t H H

26/10/561: 8 a.m. 16,4 58 t & :Both types of contrrc-
H : ] L ttlona respular nnd strong,
H H H 3 tInoreased rate of and
: H H H teven extra eructation
: H H H : sontraotions.
] W SR

(¢)

31lx of the experimental sheep were used.

Traoings of
sructation ef(lciency were first obtained before eaoch sheep
wags dosed with U grama sodlum oarbonate, necordincs of eruc-
tation efficlency were then made at various intervals.
Ruminal pi was also determined before dosing and at each
recording.

The results are given belowi=

e : : ! : : t

H : 1 : 2 H 3 1 4 H 5 ] 8
Pate ! Time ! H 1 gt H H

3 4 : : H H H H H : 1 H H

H IpH tL.EIpN tE.EipN (T, FipHIE.EIpH 1E.EH (E,.E,

2 1 - b 2 pd 1 2 ] H { 2 3

H t H H H H 3 H H 4 H H 4
17/8/51: 9 a.m37.0: 2 :6,93 3 316.8: B 5.8 2 26,91 3 16,78 3

1 $ S S I S B : $

9.0amlbos ed c0cilum carbonste

H $ b H H H H H H H H 3

$10 a.m:8,5% 1 12,3t O 7,88 O :18.@0 t7,2: C 7.1t O

H H H H 4 H 4 H ] : 4 2 H
18/5/613 9 a.mi6.9% O 36,98 2 316,88 1 17,0 2 87,0t O $6.7¢ 3

: 4 : 4 H H 3 H H H H H H

! 2 p.m6,8: O 37,03 1 t6,9t © 45,9t 2 16,0 0 :17.0¢8 2

H H - I T | - T T T T
19/5/51: 9 a.m7.28 0 37,1 2 17,00 3 %,91 1 317.0! 3 :16.8% -

4 : : H 4 3 . H H H 4 H

20/8/61: 9 a.;sv.o: 1 16.7t « 18,81 B 16,7 ~ 16,7 ~ 16,45 -

Conalusion:
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Although the ruminal pK returned to the normal

range vithin 24 hours, the residual alkalosis in-

hibited ruminal motXlity, and, oconsequently the

eructation reflex for periods up to 72 hours.
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(J) Consumption of lucerne hay and water and amount of
faeoes passed dally by twvo goats on vhich abdominal vagotomy
was performed. Uata collected from the 4th post-operntive day

tLucsrne hay:watér:?aeoes:Luodrﬁe hay:Water: Faeces
SRS W -+ . V.. PUBS N 3 P ¥:e J:1. T 0 W J°Y. T PR W ) PR Feo J-1. T PR

H H H H H H]
2/11/61: 350 : - : - : 280 : - : -
3/11/51: 290 ‘ - : - : 220 5 - ; -
4/11/51: 230 f - § - 3 480 L
sAL/B1T 180 1 - gso t sw0 1 - :4oo
8A1/61F 210 i - 1180 1 440 g - 1 490
7161t @0 1 - 1100 1 880 i - z 390
8/11/61F 80 : - 1100 ¢ 40 1 - 420
9/11/61F 180 i - 180 ! 400 ! - :3:50
10M11/81F 280 i - 1 28 : 520 1 - + 490
uAvEL 20 3 - éaa PoB10 f - 1 440
121518 1% 1 - 1 20 : 670 : - 1 %
13/11/61f 10 f - 110 f 880 i - | 180
1411/61F 160 f - + 5 & 30 1 - + 1
16/10/61t 30 4 - 110 1 20 - | 200
16/11/518 100 3 - 110 ! 450 4 - | 170
17/11/51: 250 : - : 5 ' 280 : - iwo
18/11/518 130 + - 115 ¢ 30 4 - 100
19/11/811 130 1140110 | 30 11240 | 120
20/11/811 30 14001 5 1 480 11280 | 215
21/11/811 O {30110 + s00 11680 | 220
22/11/61t 120 i o601 & 1 800  i1smo | 26
23/11/811 10 : 60 : 80 1 33 1 960 1 280
24/11/61: 180 1860190 1 70  i1960 | 200
B/1/61 220 1700+ 40 1 790 1480 | 40
26/11/611 120 8601 40 § 730 1360 | 440
27/11/611 2860 f 440+ 0 & 420 | 820 1 160
28/11 /611 50 :1080: 10 | 410 12080 | 70

i : e i3

13/...
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RIA

Vate: 3/10/51. sheep No. 8 with both ruminel »nd

abomasal fistulae was used. The animsl was fed on 500 prams
lucerne hay and grass hay ad 1ib., before the experiment.
The rumen was first amptied ag far as pnanible »sAth the va-
cuum pump, two litres of fluld ingesta being removad., The
abomasum was also drained. A recording of eractation effi-
alensy was then made and arbitrarily rated. Throuchout the
experiment air was introduced into the rumen at thea rate of
1 litre per 3 minutes, Yater was then added to the rumen in
measured amount and a reocording of eructation erfieieneay
aade each time. BHee tabls helow for the results.

Seven litres of fluld was agsin removed from the rumen
and 200 oc.¢. ingesta from the abomasum. The abomasgum waa then
filled with 2 1itres wvarm saline, and the proocedure again
repeated.

Progressive Ruminal M1ling.

$ : ] : t t 3 $ )

. 9_17500 31592;?5091SOOQI‘bOO{?SOO 660017500

s $ 1 s t s s s H
Eruotation efri-¢ H H : H H H H H
clency; (aboma-! 5t & :1 8 :5 :18 314 :3 13 ¢ O
sun drained). t H $ H H H H $ H

decnaad 4 HE 3 H dee S

s s s $ s ] : : $
Eructation effi-} H H H L} H H H s
ciency; (abomn-! H : : s s H 3 :
sum distended t 6t B 2 10 e e e §e 3 -
#with 2 litres za¢ H H H H H H H H
1ine. H t s H H H H H H

F 3 3 3 . H 3 3

The results show that eruatation efficlency is impsired at a
much lover level of rmminal rillinr when the abomeasum is dig-
tended, than -hen that organ is empty. It is oconocluded that
this effect is due to the inhibition of the retioulum and
mixing movements of the rumen, which 1s caused by ahomasal

distenasion.

14/.".
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14.

(L) (&) o YALrg gas formation by mixing ruminal and
abomasal ingesta.

In order to show that gas formation in the abomasum
is dependent on a chemiocal reaction between free aclid and in
the abomasum and alkall in the ruminal ingesta entering 1t,
the following experiments wers conducted:

The gheep provided with an abomasal fistula, was fed
on lucerne hay ad 1ih. AS different times samples of abomasal
and ruminal ingesta Vese collected, The pH of each sample was
determined immediately after vithdrawal, wvhereupon 80 ml. abo-
masal ingesta was placed in an Ehrlenmayer flask. A control
flagk containing 50 ml. distilled water was also prepared,
Both flasks were arranged in a wvaterbath at 38% provided
with a mechanical shaker, 80 ml. of ruminal ingesta was then
added to each flask and each flask then immediately oonnootﬁd
to a water manometer with an adjustable arm so that the volume
of gas evolved sould be read at atmospheric pressnure every
five minutes for a periocd of half an hour. The flasks were
continously shaken during this peried. The results are glven
in the table below:

: t tTotal amount of {Total amount of
H ] igas in 30 min. igas in 30 min. ru-

Date iHumen pit:Abomasaliruminal and abo-tminal ingests and

‘ ! pH tmasal ingesta. :dist. wager m
48.0

19/18/51t B.9 3.0 10.0
:
21/12/811 6.8

H 1] ]
$ t !
t 3.2 1 33.8 : 11.28
21/12/51: 8.4 ; 2.4 : 38.28 : 4.78
a¢/1z/o1: 7.4 : 2.8 : 85.75 : 5.6
27/12/51: 6.4 : 2.4 : 40.0 : 11.78
87/18/81: 6.5 : 3.0 : 9.7 : 10.78
29/18/51: 6.9 : 2.7 : 62.0 ; 16,25
7/ 1/oz§ 6.6 : 2.3 : 70,5 : 28.8
7/ 1/52: 6.1 : 2.4 : 83.5 : 28.0
8/ 1/533 7.0 : 2,8 : 61.0 ; 18.5 '
9/ 1/53: 7.0 : 2.5 : 89.0 : 20.285
H S d i

15/...
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The results show that the amount of gas formed de-
pends on the difference in pr between the ruminal and aboma-
sal ingesta. Sinoe experiments have shown that blologloal
fermentation ocannot take place at the pN usually found in the
abomasum, it is Justified to oconclude that gas formation in
the abomasum is essentially due to a chemiocal reaction.

(b) Gas formation in the abomasum i Ylyg experiment.

The sheep with the abomasal and ruminal fistulas fed
on lucerne hay ad 1ih was used. A recording of normal eruo-~
tation was obtained by the method desoridbed in the text.
Hetlcular motility was simultanecusly recorded with a balloon.

The pH of the abomasal ingestsa was 2.0 and of the
ruminal ingesta 5.4; 200 o0o. of the latter was adjusted to pH
7.2 in vitro by adding sodium carbonate. This amount of
ruminal ingesta was then injeoted into the abomasum during
recording. There was an immediate redustion in strength and
rate of reticular and ruminal contraotions and erustation
efficlency was markedly redused. Wwhen 200 oc. of abomasal
ingesta from another sheep adjusted to the same pM as that of
the experimental sheep was injected into the abomasum no such
effect was observed. On another ecoasion 100 so, ruminal in-
gesta of pH 7.5 was injected into the abomasum with pH 2.2 and
similar though less marked results were obtained.

The results show that ruminal and reticular motility
and consequently sruotation efficiency, are markedly effected
by chemioal gas formation in the abomasum, especially vhen
large amounts of ruminal ingesta suddenly enter the abomasum

and vhen the difference in pM of the ingasta is great.
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16.

(M) Data of individual sheep showing consistenoy index
of ruminal ingests hefore and after feeding, YYpe of ingesta,
degree of bloat and consumption of green luoerne and water.
The type of lucerne fed during the difrerent periods are as
follows:

Period 28/8/82 to 2/7/62 - mature stalky green lucerne with
smell leaves,

Feriod 3/7/62 so 153/7/62 - young orisp and succulent green
lucerne,

Day 16 /7/6% - mature stalkxy green lucerne.

Period 17/7/82 to 24/7/852 = young, orisp and succulent green

luoerne.
Ahsexn NHo. 4-
vate.® Before ! Af??ivfeedlng ! Gonsumption
° . " L .
tUonsisten~-: Consisten~: type o}!vegree oftLucerneivWater
'. “! :nﬂ‘l A I n! l m‘z! i: nef“ﬂﬂl ~ ’. b » 1
: ] t 2 t :
25/6/82% 48,0 ' 5.8 Wantery * Ml ¢ 3200 ¢ (]
$ H s H : s
28/6/52: 22.0 1@ 8,1 L) t " $ 3820 ¢ 20
s H : 3 H $
27/68 /823 3.0 H 5.6 I H " t 3670 ¢ o}
t t H H t H
28/6/523 ».0 : 7.5 s ¥ : " I : 80
t H H s ! H
30/6/82: ST.T 9.0 1 H " t 383X ¢ 0
H H H s H H
1/7/52% 42,0 8.0 : v H “ ! 3530 3 o]
H H H H : H
2/7/82 0.0 : 15.0 s H . H - ! -
H H t t s H
4/7/8%2: 21,0 t 20.0 : Thiok ¢! Marked : 38580 : O
H H ! tena- @ H H
H H $ tious ¢ H H
H $ t frothy: H H
$ H t H H H
8/7/822 19.2 ¢ 21.0 . ¢ ¢t Blight ¢ 3110 ¢ 0
H H H H H H
7/7/82% 34.8 1 14.5 t¥Watery ¢t WL : 3000 : 100
: H 3 $ : t
8/7/53s 0.0 : 12.8 s ¢ 1 . t 3880 t O
t t H H $ H
9/7/82: 33.86 t 24,0 t Prothy: SBlight ¢ 3010 : 20
t H 3 eta.! H s
H : H t H ]
10/M/88¢ 19.2 ¢ 30.0 I $ . $t 3760 1 40
s H H : H H
11/7/82: 14.0 : 24.0 3 " T 4380 ¢ O
$ H H H t $
12/7/58 86.0 : 25.0 : . t 4710 : O
) H - $ 2 i
17/...
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17,
dhasp No. 4 (aant.)
Date ' _before 1 Af}er feeding ! Consumption.

1Conaisten-t Conslasten-

ype ofilegrec ofilLucsrne:Water
» o g [

s 1 : : :
18/7/62: 8£5.0 H 21.9 1Frothy ¢ Moderate: 4730 3§ 180
H H t eta, H H
$ H H H t :
16/7/82¢ 81.0 t 12,8 atery ¢ Nil @ 3800 : -
$ : ! H s
17/7/62: 75,0 : »Mm.5 tfrothy ¢ Blight ¢t 3630 : ©
3 : 1 ete. H $
$ H $ : s :
18/7/82: 45.0 s 8.5 1 ¢ ! Moderntet F780 t 80
3 t t 3 : s
19/7/82: 42.6 ¢ 3.5 @ ¢ $ 8light : 3880 ! 220
2 : s 2 : H
_Q1/7/52: 60,0 ¢ 3.0 " H » t 3870 ¢ -
3 t H s : ]
22/1/%2: 17.5 t 12,0 Watery : NIl & 3460 !
s H : t $ H
23/7/62: 14.0 : 0.0 3 * H u T 3300 1 -
H s : s H :
24/7/82: 80.0 $ 20.0 tFrothy ¢t Moderate: 3320 : -
: H { sto. ¢ : H
2 H 2 H 1 3
dhsap g, &-
Date ° Before ! After fcading’ ) Consumption.
tConalaten-!Conaisten-:Type oft jegres of:LucerneiWater
: t 1 ? : H
28/6/82: 21.8 : 7.2 tWatery ¢ N1l : 2000 ¢t O
H H t H ] H
26/6/52: 31.2 H 7.6 1 ® s " t 3240 : O
s t H $ H !
27/6/82: 30.8 H 5.2 ¢ ® H " ! 3040 1t 100
t H t H t :
28/6/58: 458 : 7.8 3 * 1 . $ 3200 ¢ O
H $ : H ! :
30/6/52: 35.2 t 6 : ® s . 1t 3610 ¢ O
H H $ 3 : t
1/7/82: - $ 9.3 ¢ : " 1 2030 ¢ O
$ H H : H H
2/7/52: 24,0 : 9.0 ¢ * t “ ! 4450 1 O
1 s 3 s s 1
4/7/523 80,0 $ 33.8 t Thiok ¢! Bevere : 3850 0
H H { tena- ¢ H H
H H $ olous ¢ H H
H H t frothy: H H
s H : $ H t
B/?/523 38.4 H 80.0 : @ { Marked : 3480 0
$ H : s H :
7/7/82: 62.5 ! X1 @ * 3 “ ! 3860 : 200
: : H H : :
8/7/52: 45,0 H 66.0 : ¥ H . t 36680 : 40
3 : : $ : :
9/7/62t 45.0 H 15 t¥atery : N1 ! 3040 1 40
i z i 2 3 3
18/' -
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18,
the 2 )
bnte. | defore ] Aftar feeding * Gonswmption.

tConalsten-t Consisten-:Type ofilegree ofiLucernaet“ater

%

: t 1 t : s
10/7/82: 70.0 t 45,0 ! Thiok : Marked : 4000 ¢ 40
H H ! tena- ! H s
t H $ olous 3 H
t 3 ¢t frothyt H o3
? $ s H H t
11/7/82: 38.5 t 60.0 H " H . t VB0 ¢ 40
H H $ H H :
12/7/82¢ 7C.0 t 7.0 LA . T 4380 ¢ 20
H t H H $ t
156/7/82: 80.0 : 9.0 " t ' ! 3800 &t 180
H H 3 t : 3
16/7/82s 75,0 $! 10,0 t Haterw: N1 ¢ 2480 : 220
H t s H s t
17/7/82s 86,0 g 42,0 3 Thiock ! Marked ! %% : 0
H $ t tena- ! H H
H : ! olous ¢ H H
H H 1 frothy: H :
s s t H s s
18/7/62: 38.0 H 90.0 H » H " ¢ 3830 : 60
t : H : H H
19/7/52: 48.0 t 45,0 . % 1 3lipght s 3880 ¢ 40
H H H : H H
<1/7/52s 6C.0 H .5 ¢ " H " ! 280!
H t H t H H
22/7/62: 61.0 ] 67.6 $ . tHoderate : 2820 @ -
H : H g H H
23/7/58¢ 30.0 t 60.0 H " H . ! 28850 -
: H t - H H
24/7/82: 84,0 : 8.0 1 o ! Marked ! 3370 @ -
o i i . b H 1.
shagp So..q-
bate | fore After feading ; Comaumption.
tCondlgtan-ttion~lsten~-i1Tyne of:Degree of:luncerns:Water
Loy
] : : : s : :
26/6/83t ©0.6 H 6.0 tvatery ¢ M1 : 1910t 300
s t H : t :
28/8/82% 62.B8 : 7.8 ¢ " t . t 1740t 20
t t A $ $ : :
27/6/82: 47.8 H 5.0 H * H » ! 1920 @ 0
: s H t H t
28/8/62: 66.0 H 6.0 H . : . ! 1910 : 860

Sheep No. & withdrswn from exporiment - ztteroted operstion for

salivary fistulae.

L e

18/...
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19,
sbsen oo 8. (aupeidtutad).
Dnte.® B”for"<; A{g’f rea?ing : Consumption.
tUcnaisten-: Consiaten~i Type qffuegree»of:L@corne:Hatcr .
T t : : K R
4/7/82¢ - t 116,0 tFrothy : Severe ! =~ ! -
: 4 : ete., ¢ s t
5/?/52; 1.6 1 160.0 1 E Xarked i 2080 E -
7/7/52§ 115.0 E 146.2 3 o t 1110 : 40
8/7/52: 180.0  t 380.0 & "  f Cevers t 1010 t 20
9/7/62¢ 196.6 1 111.0 ; . ; 311 cht é %00 ¢ 60
10/7/828 1710+ 210.0 g " § varked é 1°3¢ ; 100
W/7/52 5.0 : 104.0 " " + 1410 : 200
12/7/52? 276.7 E 24,0 § " % " - E 20
15/7/52% 150.0 g 190.0 : E Severa ; 159 % 200
18/7/52: 180.0 i 12,0 i'atery t N1 1 4% !
17/7/621 161.0  +  80.0 iFrathy : Gl Nt 5 w3 -
: E E eto. H 3 5
13/?/52; 156.0 g 90.0 1 ¥ ;!oderata g N80 1 -
19/7/525 130.0 86.2 : " z $11ght goc 1 -
21/7/68: 41.0 : 60.0 : * & F1r10 1 -
22/7/628 70.0 1 e4.0 4 %+ 4 1880 1 -
eo/2/6e1 45.0 1 460 3 e ; . Posmo 1 -
24/7/52; 20.0 1 215 ; *  iNoderate : 310 ! -
26/7/621 30.0 1 90.0 1 % 1 Poe 1 -
20/7/62t 46.0 1 66.0 1 % i Marked + - 4 =
1 [ | 3 3 3 3
saeen NQ. G-

Vate,! Defore ; After feeding ; Consumption.
:EOnaisten—:ﬁonsiaten-t?ype ofilegree of:Luocernettiater

26/6/52: 54.0 : 9.6 §Watery : Ml : 3000 : 0
26/6/52§ 66.0 : 8.4 : " : " : 7520 : 0
27/6/62; 82,5 : 6.0 : " : . z 3680 : 0
2a/6/528 618 1 62 1 v 1 * 13m0 1 o
30/6/52: 45,0 : 6.4 : . : . : 3630 : o
- b - - L H ’
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20,
Bho=p Mo, D (aqonk.).

Cocnsisten-:Consigten~: Type ofiDegree cfilussrnet¥Water

. H : L H .
1/7/83: 20.0 t 6.4 tWatery @ Nil 1 3800 : 0O
. H H : H H
2/7/62: 53,6 ¢ 19.2 : ¢ t " f 4240 : o
4/7/528 B7.0 : 9.0 ot % 1 e 13030 t 0O
. H 3 ! : H
8/7/62: 45.0 t 14,0 y 8 H " 3 3380 : 0
H H H : s
?/?/52: .4 + 15,0 r ® t " S 3430 0
: : t H H H
8/7/62: b4.0 ¢ 31,0 iProthy ¢ Msrked : 1940 : O
: H !t ete, ¢ ' ]
s H ! : H H
9/7/6c:  83.C ¢ 1.0 I K- .1 SN S & t ©
H ! ! * e H
10/7/628 88.0 1 76,0 T " t Mrrkeo 3 3320 ¢ 0
' H : H : H H
11/7/82; 5.0 $ 87.6 : " H “ : 3700 ¢ 4]
H H H : H s
le/7/62: 47.86 i 42,0 : o tModereate ¢ 4100 : O
: H : H : $
18/7/522 86.0 ! 17.5 Jdmtery ¢ b ! 040 2 0
H H ? H ? H
16/7/623 52.0 : 14.0 r ¥ Wil 3 1930 3 o]
s t : : 1 H
17/7/82: 82,6 ¢ 60,0 tProthy ¢ Harked : 2060 ¢ O
H H 1 ato, ¢ H :
: t H : H H
18/7/82: 78.6 t 18,0 {datery tioderata 3 3700 ¢ 0
H H 1 H H H
19/7/62% 50.0 t  15.0 s ® { 31light : 3610 0
H 3 t s t H
21/7/52: 48.0 ! 1056.0 tfrothy ¢ Marked ! 1780 0
! t 1 eto, 1 : t
$ ¢ ! : : :
22/7/82: 186,00 t 17,56 tWatery &t N1l $ J700 ¢ O
H t t ! H ?
£3/7/82t 38.0 t 15.0 ¢ H . t 3800 : 0
s H t H H H
<4/7/628 80.0 t 16.C s ® ] " t 3980 0
* $ 1 H H 1
dhssp Nao, §.
Date.! efore ATter feedins :

- N N Consumption.
:Gonsingon-zUonsfgtcn-:gypo ofiDegree of!Lucernatater

: ) H : : s

25/6/821 27.0 ] 7.5 tWatery ¢ NAY t 2810 ¢ 0
H $ t $ H 2

26/6/62! .6 H 7.8 s ® t . 1 W00 8 0
: t 3 H H H

27/8/82: 3.0 H 6.2 s @ H " ' 2070 1t ]
t 3 H H H H

28/6 /53¢ 3.0 t a.8 I H * ! 3110 ¢ (¢}
H : $ $ ! :

30/6/82: 27.0 t 12.0 t S H " ! 3620 ¢ 0
2 Y s : H $

21/...
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2.
sbeay Na, 8 (gont.)
Date.s Before ! Ar‘f;or I'e;gung ; Consumption.
tConslisten~:Conglsten~:Type ofivegree of:lLucerne!iater
: : : : ! t
1/7/52% 24.0 : 8.1 ‘i¥atery @ N1l ¢ 31c6 ¢ O
t : : H H :
2/?/B2: 24,0 : 20.0 131light-t  Blight ¢ 3000 ¢ 0]
H : T 1y ¢ : H
: : :frothy ¢ H H
: H H : : s
4/7/82: 45.9 t 89,9 ifrothy ! Marked : 1260 ¢ O
: : : stse, ¢ H s
H H H : t $
6/7/82: 22.4 : 84,0 : * t 3light ¢ 200 : O
7//82: 25,0 H 40.0 ¢ ¢ H " ¢ 3280 ¢ 0
: $ H H H :
8/7/53% 80.0 ¢ L1.0 1 ¢ H " ! W00 : O
H : : ' : H
9/7/52% 0.0 ! 45.0 g 0 H " ! 4000 ¢ o]
: : : : H H
10/7/52: 25.0 : 42,0 ;. " H " T 0400 ¢ 0
H ' : H H H
11/7/%2t 25.0 : 30.0 : " H # ! 3940 ¢ (¢]
: : H H : $
12/7/52: 30.0 : 45,0 : o t 430C 30
165/7/82: 5,0 i 7.0 ¢ * tModerate ¢ 44C0 ¢ 0
H s H H : H
16/7/52: 41.6 H l..0 t¥atery Ril s 3590 ¢ ¢
t : : H 3 :
wr/n/82: 50,0 ¢ 1.0 : H " ! 3880 :t O
: : : 3 : H
18/7/62: 48.0 : 1.2 g t » T %410 ¢ O
H : : : : H
16/7/82: 36.0 t 20,0 :Blight-! Mu1) ¢ 3840 : O
H ? t 1y ¢ H H
H H tfrothy ¢ H s
H 4 $ H H s :
21/7/82: 36,0 $ 62,5 tFrothy § Slicht : 3880 : ©
: : ! ete., ¢ : H
H H s H : H
22/7/%2¢ 70.0 H 75,0 : *® H " P %30 0
H $ $ H H H
23/7/82% 0.0 : B0 ¢ ! " t 3730 ¢ 0
H H H H : H
24/7/82: X0.0 t 42,0 t ¢ s " P 3?0 ¢ 0O
1 3 1 1 - 4
aeqn Ug,. 3.
D‘,“..z Beforo. ; A{};er feelirg j Consumption.
tConsisten—:Conal ston-:Trype cftlegree of!Lucerne:water
» »
' t H H H H
25/6/82: 38.0 H 6.8 t€atery ¢ N1 : 2880 0
? ¢ : H H H
268/6/52: 30.0 H 6.4 t * H " t 3180 ¢ O
! : : : H H
27/6/63: 54,0 t 6.4 3 : " 3 3420 ¢ O
S L SO S U :

TTRL LA . o 5.4° M e ST ] | n p——
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Date.: poarinn. After feeding Consumntion,
'3ﬁ591a+.1 ;1onﬂ1!ter—’Type o :Uegree uucern"%“ter
» M "y *
28/6/82f 51.0 1 12.C tfateryt M1 1 2740 : O
s H s ! t 2
30/6/82¢ 42,0 : 7.9 PR : " T 3830 3 (o}
$ H H : H 3
1/7/62: £3.4 H 8.4 3 0 H L : 3280 (o}
: : 3 s H $
2/7/62: 60.0 H 14.0 ¢ " 1 n § 3220 ¢ (4]
: : H : H H
4/7/82% Bi.0 i B8l,0 lrothy § Bevere t 2430 ¢ O
$ { : etc, ¢ : s
H $ H H : $
5/7/62: 46.0 t 145.5 § 0 t Macked | 1330 ¢ G
?/7/52: 26.0 : 36,8 A : " 135G s o]
: : : : : ¢ H
8/7/82: 36.0 : 21.0 t n H . $ 294850 ¢
: : H H H H
3/1/82¢ 38,0 : 18,0 ‘Matary ¢ Ml ¢ 206G O
: : $ H t ¢
10/7/68: 45.0 : 12,6 O H * t22% v 0
H i ' s ! :
11/7/82: 30,0 t 15,0 ¢ 0w H ) ¢ 16 ¢ 4]
5 $ t H $ i
13/7/B2: "78.4 $ 8.0 3 * $ 311ht P 30BC 2 ©
H H ) $ 3 3
15/7/62: 35,0 $ 80,0 {Frothy o 12770 ¢+ O
H 1 i *to, ¢ % H
L | : : } 3 :
16/7/52% 45,0 ‘ 12,0 tdatery ¢ MY ¢ 1910 ¢
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ovourred Auring thia tine, Cn the 2. rd. 3¢ v qs reported that

the fistula shesn were bloating.
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iheep nok. J and & were reocrdsed. The tr.cinge are dlscussed
in the texi,

Sheep No. % ghoired spontrnecuc regovery ~fter niminiatration of
~n antl-frothing arend, vYhich proves it to be a cmse o un~om-
#liceted frothy blcat. Sheen Ho. 8 falled %o veocover sponte-
reonsly after bresking of the froth. Thig oap: wns nroved te
he comrlierted by uver-rilling. The eccnrumptisn of freen lu-
uerne hy ench of the two anie:nle 1e svidence in favour of the
fact that over=fi)iin: of the rumen ir cometizes a contribu-

tery facter in fres hloat,
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