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•TUulE8 ON THE PA!HU<lf.NEttl8 OJ' 
tW\Jt§ t!LUAX IN 1iUluJWaJ· 

Itj'£HU;ZUp'flu'i • 

Amtte bloft. t or tyarpany, to 1lh1 oh ApparentlJ llll rtunlnanta 

are aubJeot, 1s \!9t1ned 1n v~r1oua textb~oka on anlm~l dlaeaaea 

aa a rap1d d1atent1on ot the ~•n due to the formation ot 

gaaea. (Wester (1936) s.nd Hutyra, Marek and Mannlnger (1938)). 

The c11n1a~l man1teatat1ona tt.r9 deaaM.bed aa mnrlted bulctnc 

ot the lett nank, llflllll frequent pulse, tl-e~uent reaplrAtlona, 

ao11oy SJIRP'toma, groaning Rn<1 ataggerlnc and nn~ll.y dePJ!'h 

d.ue to aap!\7xia. 

Broad.ly apeald.nt;, bloat OAn be 41v1ded 1nto tt1o diatlnot 

typea, nam~lJ 11oute 1\ftd ohronlo. Chron1o bloat 1a dettned aa a 

.,era1atnnt or 1nterml ttent aoomnul~ttion or gao ln the toHato­

-.anha ea'Peo1n.11J after teed1ne, extf!ndint~ over a oona1c1er~tble 

period an<1 not dependant on ru11 special teed!ng reglm~. It 11 

the res11l t of an lnterterenoe with the eructAtion m~ohan18111 or 

e11ra1nat1on of gaa. (Weater (1936) and Cole, Butt'r.tttn, Jtlelber, 

Olaon &nd Schalk ( 1945) • 

Hutyra c; ~~ (1939) do not regard Ghron1o bloat ae ft 

dlaease yer Ut but rather t18 e. aymptaa ot an underl.J1.ne oon­

d1t1on or affection ot the toreatomaOha or oeao~JU•· Cond1-

t1ona auoh aa camprese1on of ~-• oesophat;ua by enl:u-ced 

lymphatic glands, oeaonhagea1 cllvert1cula; tra1.Dat1o :t-etlou-

11 tie, utena1Ye peri to11eal At1hea1ona 1rttertertnc 't1 th rumlnAl 

:1o•t111 ty and atony of the 1•u11.inal IIU&oulature, dan all G1,ve 

rise to chronic bl011t. The prlJ!W:7 lea1ons associated w1 th 

th1a type of tympany, are tull.f deRl t w1 th 1n the 11 ter~.ture 

and require no further eluo1dat1on. 1urthsrmore, Uhron1o 

bloat haa a low 1no1denoe aa it only arteots 1nd1v1du~1 ~nlmAle 

aporad1oal.1J'. 'the lo•••• to tnrmera are therefore not aa dlaaa-
0... troua ae 1n the oa.ae ot aoute bloat, where,.large number ot 

animals IIIAJ be arteotecl at the aame tirae. 

Aocord1ng to Cole et R1 (194~) aoute bloat oooura 1n 
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2. 

associ n tlon Y1 th oertP.1n feeding regimes. auoh aa legume 

naeturlnc. 'l'hll ty~e of bloat has beoome & prolllem ot 

major eoooord.o 1r11portanoe all over the world 1n those a.reae 

'-itf!!"e legumes are oul t1 vated and used an a took feeda. t.ot:~aee 

appear to be particulArlY aeTePe 1n 1ntent~1ve tarm1n3 A.re&s, 

espeo1e.lly amoncot VAltu~hle dairy ~mala, due to the fft.ot 

that these M1mnla ~~re highly ted tor production. The rum1-

n,.,nt 1a pt-~alolot~on.lly adapte4 to the d1;~eat1on of roufihage, 

Y1. tn the result that toroed te~dlnc is unnatural to this type 

ot aniaal and pred!.aposea them not only to bloat, but also 

to d1geeti •• d1atut~flbanoea and var1oua aetabolic dlaeaeea. 

Aa poin'ed out by Oole c;t al (19415) the oerlousneas of 

the bloat problem lhould not only be att.ribut(!d to n.otuAl loaeea, 

but other taotora suoh aa expenal'f.'• prnentat1•e measures and 

re~at:r1ot1ona '" the •1ae of legumen ahoulrt. &loo be considered. 

Acoordin~ to ttibo:rg ( o1 ted "r1t Cole c;t e1 (1.945)) aoute 

bloo. t beonrne a serious problem ti-O'tl about the m1 ildle of the 

eighteenth oentu:ry when paaturine on olover beoame a oommon 

praot1oe. It h.aa a1noe been reported t.rom Mny conntr1ea ~tdn,.,_ 

ted to th~ oultivtlt1on "t le~ee, such aa OanRdA, Auatrn.li~, 

New Zealand. Ind1~, sootlan<~, En~jltmd, GfiJ'M!Wty, Un1 ted BtP.t@s 

l)f Aaer1ca and 8o1Jth A1?1oa. ( Oole et a1 ( 1943)). 'l'he 1n­

arMa1ng 1no1deno• ot At3ute hloat haa ;3iYen researc.'1 on the 

problem a tremendoue impetus. ?rom &bout the 111Mle ot the 

t1rst half ot th1a oentnry a. Yast amount ot 11 terature rel,.t1ns 

to bloat has appeAred, ~nd althour.;t lll'lny theories have been 

ndvanoed, various aspects ot th8 'f)ftthogenen1s or ~~.cute bloat 

have remained unaettled. The recent review ot bloat by Oole 

et fll. ( l9.,J AOtunllr roYeo.l&d many t)f the ahortoomtncs ot our 

present state ot lr'..not,rledE;e. 

It i.e felt that the material vhioh forma the basis ot 

t.h.is •tudy, J:d.ght prove ot some Vftlue in eluoidatin:; th~ patho­

genesis of th1a be.trling oond1 tlon, espeoisll.y as the approaoh 

to the ~obl• ia trl)!l an en.tirel.y ~utterent an:;le. A1 though 
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3. 

no new aetho4a or treatment or prevention are auggee'ted, the 

underly1ne principle• of m~ny or the t1•e-honoured ••thode 

are deaonstt-ated. 

tHE QWW §NT TUIOIU Kij gr BLQ@. 

The sore ooamonly aooented theories ot bloat have been 

tully d1souased by Cole et t1 (lfK&) 1n their rertew. Theae 

are auamar1ae4 below together with aore reoent oontributiona 

to the literature. 

1. ~),PfS da' 5p ggeat1yo gaa fQIIIa~al. 

Moa' ot the older theoriea regarding tfte pathogenesis 

ot acute bloat are baaed on the aaa•pt1on that readily termen­

t~ble an4 auooulent teeda produoe exoeasive AmOUDta or gaa When 

aubjeoted to rApid terment~t1on in the rUJiell, eapeo1ally when 

large aaounta &re oona\8.0.. This waa 4eacr1be4 aft 'the OA•tae ot 

bloAt by "'orltera 1n Ylll"ioua oottntr1ea (Murra,y (1909), GallAgher 

(1921), V11Joen (1922), KephArt (1929), Veech (19:57) ~nd the 

older textbook• on ani .. l d1aeaaes (Mutyra, MArek and Mnnn1nger 

( 1938) and. Woolc11'"1dge (1923)). 

Th1a theory waa d1aproved When Cole, Maa4 a~d Xle1bel'" 

( 19.::!) And Qu1n ( 1943) ahowed that nn1mttla oould eruotate tar 

mnre gas than 1a actually produoed 1n the rtaen. Cole -:t al 

( 1942), Waahburn and Brody ( 19J7) and Quln (1943) P.lso ro~tnd 

thAt green luoerne aoes not at1mu1~te sore gas production thAn 

lual!rne hay. Jaoobeon, Ef'pl! "na. Cnnnon (194i:!) round ooapuable 

ngurea for in v1 'ro gaa produot1on ot gPeen lao.rne and green 

gl'"&ae. 

To quote from Cole et al (1945)1 ~The ev1denoe pointe 

tairly conv1no1ngly to the aonolnaion that excess gno production 

1n the ruaen 1s.not the oause ot' bloat PIE II· On th@ oontrAry, 

aoat 1nv~at1gntora agr~e that blont 1a due to an upset 1n the 

normal aeoh~tnlaa tor eXpel. lin~ gaa. The evidenoe at hand does 

not 1nd.1oate that bloat - proYok1ng teeda result in greater pa 

formation than teeds not I\Rsoo1ated With bloat. ~he pronon~nta 

or all other theories agree. howeY~, thAt the rRpid roraat1on 
or gaa aaeoo1a'Cec:1 V1 th eating and the oon8Ul\lp,1on or lsrge aaoa 

4/ ••• 
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4. 

ot t~.o., w1 \h the consequent inoreaeed gaa produotion, 1fttt7 

be predl~ainc taotora.• 

2. Q1pat AAe tg ;xgoge1ye ggpgupt1aD 1 Qf 4spgt t~!'AP· 

'th1a theorJ is baaed on the uaumpt1on that the mp14 

inceation ot 1arae IUBO!mte ot denee teede such aa auooulent 

leeumes, o&uaea a aeohnn1081 obatruotion to the ext t of eaa 

tteom the rumen by blook1J16 the oardlao orinoe. '!'he til'18-

honouzaed pt-aotloe ot treatint; bloa-t b7 elevat1ne the tore­

quarter• lent aupport to this theoi-7. Prom in n_tro observa­

tions on the b4h~Y1our ot fermenting rum1n&l ingeat~,the propo­

nent• of th1a theory (J&ooltaon, Eape anct Oa.nnon (1942)) be-

11eYed \hat it large a110unta ot auooulent aate.t-1Al are rapidly 

ingeeted, th.1n aater1Al fOJ"U a o011paot maaa in the Htioulum 

Md anterior pal't ot the rumen, t~ich tenda to deureaa the 

•'omaoh., eo th~t the aardlao or1t1oe ia shined to 11 poai t1on 

belou the level ot fluid ln the rwun. This, tor~ether "fi th 

further bou)1.ng up ot the 1ngeata due to ~· tol'l!lat1on, prnenta 

the eaoaue ot gae and leada to bloat. 

'fh.eae 1nveat1gntora support their •ta'-enta bJ polntlng 

~1t that bloat 1nvar1ably ocoure amongat ~inc and produc1nr, 

animals Y1 th Yo:r-ao1oua au-pet1 tea; also the prior teedlnr; ot 

haJ or arn1n 'Hill preTent overteedinc on auoeulent teeda Md 

so preYent bloat. Aooordlnc to them,letsumee oovered ,d th dew 

or troat a:rte eapeo1Bll.7 danr;eroua aa Mlmals oonmune dNI!lf!lned 

legwaea taater. They aloo be11ne th~t vet teeda out down 

aa11 vttry aeore t1 on and that & decreased &J3ount enl1 VA 1n the 

!'UDlen lncreaaea ~· formation. Although thr;y found th~.t A8 

mt1oh ea• ia produced per pound ot "blull! c:raas enten as per 

pound or luoerne, theJ maintain thAt auoculent lucerne 1a oon­

aumed muoh taster. 

Aooord1ng \o Oole et; aJ. (1946) hovner, th1e theory 

doea not expl.A.1n the ooourrenoe ot bloat amonget an1aal.a ted 

t;:rttln only or the rel1et ot rd.ldl;r bloated an1~s by teedlng 

Sudan g.raaa. Aa pointed out too by Meact, Oole t-Ul(] Reema (1944) 

0/ ••• 
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5. 

bloat cannot always be correlated ~4 'th the aaount ot auooul"~ 

teed oonftlled. 

3. l}.gat; riu• tg tgx1 A , i' 111 • 

According to this 'theory, tox1o psea like carbon 

monox1c1a anel hydrogen aultld.e, Vh1oh are produoad ln the 

ramen troa legu.aea w1 th a high protein oontent, proctuoe 

bloat by paralya1ng the ruaen. 

uougherty ( li.W, 1941 and. 194¥) tound. thAt, by r~tia1ng 

the 1ntrarualna1 preaaure With alr 01" Other gaaea OO~ft W 

tile ruaen, e'fen a~~all ,.ounta of oarbon aon:t.rtde or h.Jdroog~ 

ault14e preaent 1n the ruaen Are abaorbed and oause mArked 

toxic SJ!IPtOaa, rtlllen '081"&lya1a anel bloat. !t\e a•ount ot 

carbon monoxide and. hydrogen 1ttlt'1de present in r••1na1 ga8 

was also found to 1nareaae appreo1ably after teedinG ~eahly 

cut clover, and large amounts or hydrogen ault1d.e were tounct 

1n rwa1nal gaa and 1n3eatA or an1111'\ll vh1oh died of bloAt. 

Althoueh uough~rty originally aubaor1bed \o thla 

theor1 he later maintains (personal aommanloation cited b.J 

Oole st a1 (1948)) that toxio sa••• are not responsible tor 

oeaaat1on ot Mlll1nal 110tili ty and bltHLt aa tuch, but that thq 

probably play an iaportant part in oaua1ng 4eath tl-om bloat, 

eapec1a11y hydrogen aulf1de• through 1noreate4 absorption due 

to high lntra-ruainftl preasure. 

Olson (1944) howeYer believea tha\ hJdrogen aulflde 11 

re~ona1ble tor bloat by paralyeing the rumen, ~a well aa for 

death from blont, tollow1ng absorption. Olaon (19•0) foun4 

that oal"bon monoxi<le anc:t hJdrosen ault1c1e had no reooeniaable 

tox1e etteota unless aoeoapan1ecl by an 1noreate in intra­

rua1nal preaaure. In 1944 he reported. that h7ctrogen ault14e 

oooura in large Utounta 1n the ruain-.tl ga.a of bloated An1Mls. 

In support ot the • \one gas• theory ot bloa,, Olson •~nt1one 

the tact thAt the protein of legaaea 1a higher in Aulphur thaa 

the protein or non-leguaea and thnt the l~~ry pArte of legumea, 

which are uauall7 grasect, oont~tin aore sulphur thtt.n the etcma. 

6/ ••• 
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6. 

(AlW&J (19~?) and ~a1nter (1943)). He attempts to explain 

,hy bloat oocura on some paeturea and not on others, by 

postulating that 1f hJdrogen au1n.de 1a produottd 1n the rumen 

:rrom the sulphur of protein 1n leeua•• anc1 th1a 1n turn <l.epend• 

on the aulphur oonten\ of the ao11, bloat will occur on PA•turea 
"1 th aulph.ar-r1oh ao11. The 1noreaee 1n the 1nc1denoe of bloat 

1n t1aee or abno~l rainfall 1• explained by the aaaumpt1on 

that plante, 1nduo.a to grow rapidly by he&Y7 rainfall, contain 

aore aulphur. 

The experimental reeults or 'klelber, Oole and Me~td 

(1943), lfho round no e1gn1tloant ditrerenoe 1n ~· aaount ot 
hydrogen aulf1de ln the rwllnAl pa of blo-ted ttnd non-blo'tted 

an1mala on lucerne paature. •••• to dlaproYe thie theory. 

Cole IS a1 (1940) hoveYeP aoknovled.ge the faot that hYt1:roaeJt 

aulflde .a, be a oontr1but1ns factor 1n d•ath or an1a~l• ~ 

bloat. 

4. Blgat qye tg abgpnal rmd pal a., pr tnun•· 
'l"hll theory haa b'!en suggested, but there la not nft1-

o1ent proof that bloAt te actually oauaed by the presenoe ot 
abggrea\ .toro-orgAn1sas or an 1nbRlanoe of the nor.al rumin~l 

tlora and fauna.. In a atucly of the Mlllin~tl organittas or bloated 

and non-bloated aheep, Iottman (1937) touncl a deoreaae 1n the 

number or large protoaoa 1n the ingesta ot the bloated an1aal• 

and 1uggeated that thle ohange Mft1 h~Te resulted 1n A gPeater 

number or gae procluoer1. 

Qu1n (1943) ahowed that f~l•e yea1t oella (Sohiaosacoha­

romyoea ov1e), preaent 1n lArge nu.mbera 1n '\he ru"'len ot sheep 

on a diet ot lucerne. are reapona1ble tor ~• oxidative ase1m1-

lation ot pl~tnt aupr1 w1 th the rapid eYolut1on of large a110unt1 

ot gas, aalnly carbon dlox1de. OlAPk ( 1946) ahowed a a1gn1t1-

oant aorrelat1on between the number ot Soh1zoaao0haromyoea oT1• 

present 1n ingeata and the volume of gaa evolYed. 

According to ~n (19.3) aoute bloat repreaents an 

integral part ot the normal prooeaaee ot aug'lr :netabolln 1n 
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7. 

the foreston~Ohl of ~IM1nanta. !he presence or these 

ohttracteriatlo yea1t cella 11 regar4ed •• an 1aportant fActor 

tn the pathogenea1a or ~oute bloAt, but they &re not regsrded 

•• abnoraa.l tnh-.-.b1 t-.nte or thP MlJBen. 'fo control blo'lt he 

oontenda that M.UI1M.nt• 11hould be aatetrta.rdec\ &gainat apelll 

or aoute hunger. because atnrYat1on leacla to a depletion ot 

the glyco(!en :relerYes w1. thin the yeast cella, v1 th a consequent 

aooentuate4 phaae of ox14at1Ye aaa1~1lat1on and gas formation 

trom plant sugara lt the an1 .. 1 1a aubsequently allo.-ed to 

teed. green luoerne. It the energy demanda ot the 7eaat cella 

are however kept .. t1at1e4 b)' regular auppl-ntaUon ot 

oarbohytt.rate r1oh tooele wch aa &ra1na Vi tb luoerne, the 

sugars 1n the lucerne ~d.ll not be aetabollaed at the aue 

dangerouslJ high a:>eed, with the result that gaa and toa11 

production are kept 'dth1n bound.a. Cole st &L (194.5) belieYe 

that Q.uln' a h7J>otheais 111\7 expldn t:rothr bloat, but •'-te Vult 

there 1a no ertdence ~t the aupr oontent ot lucerne, prOdu­

cing thla type bloat,is higher than noraal. 

6. lls•t EiUf lagk, er 99£11 rgughage 1J4. tibc f'l&OJI· 

Aooording to th1• t=- theo17, propoftf!d by Cole, Mead 

and ~lelber (1942), oosree roughage 1a neoessary to el1o1 t 

the eructation renex. Theae vor-k.era believe that there 1s a 

rough correlation between eruot~t1on an4 rumination, and alnoe 

it haa been ahown ooncluaively b7 aoh1~ and Aaanon (1928) 

that rumination depends on atiaulation ot nerve fibres ln the 

rumen by aoarae roughage, they oonoluded that ~e eructation 

reflex 1a 1n1 t1atecl. by the aue type of at111Ulua. 

eY1denoe on th1a po1nt 1a hove'Yer laoking. 

Conolua1ve 

'l'he theory that the phya1oal condi t1on of the teed 11 an 

et1olog1oal taotor- in bloat, 1• however baoked by oone1derable 

1nd1reot nidenoe. Mead, Oole and Reg~~tn (1944) ehoved. that the 

1no14ence of bloat on a ration ot gpotmd~ hay ~no er~1n 1a .uOh 

higher than on UftG'J'"Ound hq and gi-~tin. stnoe the only dltterenc4 

be"een theae two d1ete 11 a oh&Df)e 1n ph.yaioal nature, the 
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a. 

phJa1oal oon41 t1on ot the teed nat obT1ou•17 haTe plnJed a 

rol~. Mead an<1 Goae (1936) alao reported bloat in Oftttle on 

a non-rou~e cUet and McOandllah (1923) enooun\ered bloat 

when milk wa1 lhe eole diet tor oalvea. 

Cole, Mead and Regan (1943) aleo ah.owecl tha.t bloat oan 

be produced and preTented on the baals ot th11 Vleo:ry. Aooor­

•11ng to tha, bloat OAn be prod.uoed 1117 tlae of the yea!' ~~md 

under Yo.ryinL enrtronm~~ntnl oond1 tlon• provlded the lucerne 

le young and 1uooulent and fl-ee trom old hard and dry 1tema. 

the paature should be tree from contn~natlng weeds and ~aaee 

and provided v1 til autrlolent water to 1nduoe rapid ~h or 

the lucerne. !he &nillall theaaelvea ahould be depz-1 vecl of' 

all h&J And atr~tW prior to paotur1ng. Under these oondl tiona 

bloat ls attributed to the lack ot ooa:rae rourjtn~ 1n the diet, 

whloh results 1n 1nautno1ent atlmulua tor the eruotatlon re­

flex. 

!heae 1ame workers also oonolua1Telr demonetrAted 'hAt 

bloat ORn bf! prevented. by teecU.ng a ooars'! hAy prior to li!!{~e 

paaturlng. They toun4 tha' a aoa.r1e hay atrordeii ~;reat4!1" pl'o­

teotlon th&n a tine-atemmed le&ty hay; Sudan hay proved the 

belt. 'l'he haJ ahoul4 al.ao be palat~ble, othervt.ae the animale 

"1111 not eat enough hay to be proteoted. The prnent~tl ve 

aotlon or hay le alao explttlned on the baa1s ot thll theory. 

'fo lend further proof to their poatulRte, theae authors attri­

bute ~e action ot turpentine in the re11et ot blo@lt to etiJDU­

lat1on ot the eruotatlqn reflex b7 1rr1 t~tlon. Clark (1948) 

howeYer ahowed that the benenoial etteot ot turpentine 1a 

ma1 nly due to 1 te aot1oft on IJl.lrtaoe tena1on. thereby brenldng 

troth. 

6. Ploa• due tg trothlor; gt rnmlnoJ. 1Meptc,. 

In h1e cslaeslt101ltion ot tppa.r17, 'feater (193&) d1a­

t1nb"ui8he4 between two 41atinot 'Y!M• ot aoute blont. In the 

on• t~, Vhlah 1• oauaect b7 the 1ne•at1on or ycmn~, treah lu­

cerne, olover or graee, the gaa ls mlxed w1 th the lngeeta to 

9/ ••. -
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9. 

toJI'J'I a tOttlf'll Jl&le. In thf! other type ot acute bloe.t, 'fh1ch 

oan be oauaed by aeohan1oal obatruct1on ot the oeaophagua, 

oYertee41ng or ruaen parRlya1•, the sa• 1e ~ee And liea above 

~· ing••'"· 
PJ-o~1ng ot rWilinal 1ngeetA hft..s b~en enoountered by 

Tar1oua vorkera in CAeee of soute bloe.t on ~een oloTa­

(MoOand11sh (193'1), Ht1d.son (1938), Dough!I!Tty (1941) and Olson 

(1942)). Qa1n (19•2, 1943) fonnd th~t the ingesta ot she~ 

bloa~ed on ~een lucerne cone1ated ot ~ strongly foAMing, frothy 

maea. In taot, Amadon (cited by Cole ct a.\,) oonoluded t-roa h11 

experience that aoat oaeea ot bloat on green le,~tmee are o't 

the troth,r type. !hia type of bloat haa alao been enoountered 

.,hen tee41ns; luoerne h:r.>.J V~u1n 1942) ftnd Dougherty reported 

frothy ingesta 1n three eteer1 that 41e4 ot bloat on s die~ 

or ohopped lucerne hay ana. gx-a1n. X1olt, <hrlaagh and Schalk 

(1~37) alao believe that trothlneaa 1a a tactor 1n bloat of 

ateera fed oorn 1n ~e f'eecl·lot. hr~er.,re, the benetio1al 

effect or Rnt1tro~1ftg agenta 1n the treat•ent ot acute bloa' 

on green legtaea haa been reported on by -~uin, Austin and 

Ratol1tt (1949) an<1 oonoluatvely demonstrated b;r Ol~rlt (1950), 

Clark (19.8) Al~to demonetrated thtlt the ms1n ettect ot turpen­

tine 1n the relief ot bloat 1s due to the brelllt1n.g of troth. 

In ap1 te ot all the ertdenoe thAt thia t~ or blo~~.t 
oooura, Cole ct a~ (1946) do not appear to be oonv1noed tha' 

frothing ia sotually the oauae ot blo~t. The following 11 

quoted t:rom their reY1ew: •oole llnd oo-vorkers ( unpub11 ahe<l 41.­

ta) , on the other hand, have tapped a nUilber or oowe bloated 

on alfalfa paatttre v1 thout encounter1nc a oaae ln wtl1nh the 

t'Pee a1r ap~toe waa abeent. The t'~t.ot that ott en no tree g&e 

but, !'ather, troth7 ingesta, eaCP.pea, vhen the rumen 1a tapped 

1e reg&Med by UllJ' •• proof that tree gaa 1a not preaent. 

The oe.uae, o.onoe1 YablJ, lllf',y be the taot 1ihat ~· t'Pee air 

8T&oe le d.lftioult to tap when th~ ruaen lc exoeea1Yely t1lle4. 

It a tree alr apaoe eX! at•, 1 t ia dltt1oult tn understand wtty 
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10 .. 

troth1ni.; would eause bloat. At the ••ent at Which beloh1ng 

oooure there 11 a dllation ot the reUoulu and anterior ru.f!n, 

thue ten41ng 'o tree the oardlt\ tor 'he paaeage t!JJf gae 1nto 

the oeeo~~a.• 

Although they do state th.at bloat on peen le!!lfte• mq 

tall into tvo oat-sort .. , one ln ""-loll t'Pee gae 1s !)reeent and 

Mo"'er in *1oh 'the gaa 11 lnoorporated in tile lnee•tA ae a 

~thJ 11\&IO, theJ &Wd'.-ttl.J 4o not attaah 8ft7 e1i.;ntt10P.noe to 

trothln{; al a oauae of bloat. 

!be aotual oause ot tl-othlllf; h&e been atVtbuted to 

the preeenee or aaponlna tn luoerne and oloYer. (Mo0andl1sh 

(193'1), Olaon ( 1942) and Qllln (1943)). Jaaobatm (1919) 

11olated. a atron~ll toAlliftl~ aapon1n troa alfalfa., but aeool'ding 

to Oole et a1 (1948) atta.pte \o pro&uoe bloat by feeding 

aapon1nl haYe not be~ auooeaetul .. 

Weater ( 1936) 4eaonbee the patho~enHle ot f'l-othr 

bloat as tollGVe: V~y rapid fermentation ot auoculent teeds 

leacta to a thorou~ lllxing ot 'the tood. V1 th the gae. Thle 

lapedea lMlahing and on aooount ot the rtee ln lntrarwAin'!l 

~esau.re. there la an 1narease ln the tone ot the I"WDinnl vall 

vh1oh prevents the reeular ant1per1ata1 t1o mov•ent ot the 

rumen, neoeaaa:r~ tar eruotA tlon. 'ftl'! rumen reaota to the 

1ncreaa1ng prear;ure b7 1noreaa1n;; lta lft0t1lit~, whloh haa the 

etteo' ot turVt•r thorou; ,...17 a1x1nc the gaa aNt 1nr;eeta. 

Aa eruotat10fl ooour• onl:r vhen the rua-.., 1a in an 

aot1Ye ••t. ot oon\Paot1on (Weet;w (1936), Hofland (1940) 

ancl Cole. Mead and Xle1ber (1942).), Nmlnal atony ••t ob­

viously be a oause or tymp&nJ 1t gs.• formation la adequat;e. 

Yanoua obnd.oal ~tttbatanoeo, wh1ch oauae rum1nal paro.1ya1e, 

have thvetore 'O"!en 1nor1l'l1ftate4 aa etiological taotora 1n 

aoute bloat asaoo1ated W1 th the feedln~ ot le~aee. 

Dout=hertJ (1942) anov«\ that •• 1ntraTenouo 1nJeot1on 

ot h1stamln• 1n doaea YJU"y1nCJ rro. 2 to & IICN· oanaea oompl"tte 

11/ ••• · 
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paral¥a1s ot the rtaen. 'thle oba~natlon VAA aubaeque~ttly 

eonr1r.e4 by Olark ( 19GO). Dur1nr. his etudiea on pa and 

rwd.nal ingesta ot bloated anlule VOU3)\ertr ( 1942) found 

l_,.ge llJIOunts ( .9 to 2.-i mgrm.·t) of hlettaMine 1n the 1ngeata 

aamplf!Ja. of three ateere that cUed ot bloat. Re ~tlao mention• 

the tact that hl s'hJftin~ OAn lnoreaae bJ' teedinc; hie;h protein 

Met•. Altho~ DoU(;herty doea not bellne that h1at~m1ne 

by 1 taelf le the oauae ot aoute bloat, he euggeate that 

h1atam1ne m1uht be a oontzi.~tto:ry taotor. 

·~n an4 van d• ';lath (1938) showed that ~e doo1ng 

ot po\aaaium oyal\l.d.e 'o sheep oauae• rua1nal N~Pal7s1a. 8teyn 

(1934) 4eaor1b~ tympenltea aa a a:y~~ptoa of pruealo ~~to14 

po1eon1ng troa plan'• oonWn1Jtg oyanogenet1o a].uooa1dea. 

(Speole• ot UlarthoVl.eoa and. alao v~~rioua -belt• ot ~e 

tUtlly ot Graalneae auoh aa apeoiea ot Arlat1~, Oynodon 

and 3orgh"ta ha'fe b1.1en toun4 to contain prusslo aold when 

w11 ted). In sp1 te ot the taot ihat Olarlt and Quln ( 1948) 

t~iled to lncrtainate hfdrooy&nie acld aa a poeeible canee 

ot aoute bloat, &vM8 and IYana ( 1949) bell eve t..'l.at th18 

aubatanoe 18 asa.oo1a'ed v1 U\ aoute bloat on olover. ~ey 

have isolated hyd.rooJanio aold tl-011 oloYe~~ Ju1oe and demon­

ab-Ated 1 ta preaenoe 1n ~· blood of an anlmlll. bloat.O. on 

olover. They found .1 ~· hydrooyan1 c aeid per 100 tnl. 

bloCK\ ln the oa8e ot a bloated bt1llock, ~Jhereaa tvo non­

bloated h~.J.tera C)n the MIH pa•ture ahoved only .04 mgrm. 

hJclroOJan1o ao14 per 100 ml. blood. 

Reoently l'~P-Pgueon, AahvorVt and 1'er17 (1949) 1aG1Ated 

a muaol ... 1nh1b1t1n~ oompound., 1dent1.t1ed ae a n.aYonf?, 1':roll 

luoerne. .ll.thougtt Vtey fa1le4 to produoe blont v1 th tsed.lng 

aperlaent•, th.e7 bell eve that 1 t rd.sitt haYe • posA1ble oon­

.. ot1on 'f1 th bloat. 

All the abov••t1oned theor1ea have been a4Yanoe4 

1n an atte.pt 'o eluo1date the pathoeenea1a ot acute hloat 

on green leg..amee or 1n general on teeda laok1ng ln rou; ;hft.ge. 

12/ ... 
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itloat ooourrlng under Vteae clroumatanoea 1e d1at1not tram 

the well known type ot "oute bloa'. which 1a aaaoc1ated v1 th 

the teecu.ng ot tubere ,osuaed by obat:ruot1on of the oeaophagua 

~thloh aeoht~~.nloslly 1nterterea with the eaoape of tree gaa. 

Inh1b1 t1on of rwalnal 110t1U ty eauaed by taotora 

other than thoee aoaoo1ate4 vilh legume teeding, 18 ~lao a 

oauae ot bloat. Weater (1936) mentlonR extena1Ye peritoneal 

ad.hea1ona and oYerloading or ~· ruaen. aa the oauae ot f'rtee 

gaa t:J11Pan)', Ybile ftegg (1912) belieYea that the tJIIIpany 

aeaoc1ated with d1geat1Ye diatubftncea 11 due to ru.inal 

atony. Wester alao aentions poiaonoua plllnta &IJ a Muse ot 

thia type ot bloat. V~tr1oua po1aonoua planta in 5Gllth AfPioa, 

anoh aa at>eoiea ot Hoaerla and lloraea (tulip), TTrgineA. and 

Ge1ger1a eto •• haTe renorted to oauee bloat ln a~1t1on to 

the uaual IYJ8PtOIIS ot poisoning (Steyn (19M)). 'l'he poea1-

b111 ty of oontamlna tion ot J)&aturea or baled lucerne hs7 w1 th 

tbeae plant• &hould ml~ar• be oona1d.rea when 1n•eat1gat1ng 

outbreaka of aoute bloat. 
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13. 

CONUITIOJIU UIW~ ~MlUH BLOA'f 00l.1JH::t '<fitH 
S~J£01 AL ~CftKENOlC !V 'fKf; OO<.t'Uluu:NOE IN 

puy·dt AflUOAe 

In order to ob~1n fairly oomprehene1Ye data on the 

ooo1s.rrenoe ot bloRt 1n .,11 oount17, queet1onna1rea were aent 

to Teter1nar1ana ln the ne14 aa well aa to expert.enoed taNere. 

The tnrormatlon ao obt~1ne4 ia d1aouaaed in oonJunot1on Vi th 

obaenat1ona ot •1orkera in other' oountrlee. ~ a tull ·~ 

or the 41 t'tfD"'ent queat1onnA1rea aee Append1x I. 

1. =· s11et£1lmtlgp at b}•S lp sguth AMu. 
Apart trorn sporadlo oaaea ot bloat not aaeoo1ated 'ft. th 

a special tee41ng reel••• outbreak• ot aoute bloat appe.rently 

ooour all oYer the oountry, wherner green teed le &Ya1lable 

or ~ere lucerne hq le ted. Blost la more o011110n ln the 

lntenal ve t&rm1ng areaa, '41here luoterne or other lu.oh paeturea 

are r~n under lrrlgaUon or where the annual 1'&11\tall le 

adeqUAte tor ~e oult1Yatlon ot theae teeda under dryland 

oon41 tlona. Aooord.ing to one Yeter1narlan, bloat la relat1Yel7 

rflre AJDOnget cattle anc1 aheep on dryland lnoerne 1n the Weatem 

ProYlnoe but extremely oo.non on luoerne un4er 1rr1gflt1on (aee 

Anpen4l% I lo. 11). 

Aa lucerne la bJ tar the 1101t 1Jtportan' gpeenteed grG~m 

ln South Atrloa the d1etr1but1on ot bloat 'f'Oulcl oorreepond oloae· 

ly w1 th that ot luoeme. !he retlder la :retwred to the publlon­

t1on ot ~n and MoKellar (19;,7) for a map ot the t1nlon, ehow­

lng the dletrlbutlon of lucerne. Aooordin;; to theee vorkere 

thla teed 11 ~ovn extenel Yely ln the Southern, F.aatern an4 

>lort.hern Cape Prortnoe anc1 Southern Orencre FPee StAte eapeolally 

on tar•A borderln~ the Orange IU.•er, and also to a amaUm- ex­

tent in Wle Southern TPaniYaAl an4 MatAl M14lll11da. It la there­

tore oultln.ted aoatlJ ln the drier ar"eaa ot the eonntry where 

lrrlgatlon le aYflllable. In the h1:;her rdntall arene •uoh aa 

nlong the Kaat Ooaat the atmoaphere 11 too hot ancl humid ftN1 

the eoll unaul tablt! tor the oult1Y~t.t1on ot lucerne. !he tollCN• 
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14. 

1ng lta,1at1oal data 11 taken tl-011 Turpin A.ftd McKellar (19m) 

to ehov the area under luoerne 1n each prortnce 1n 19~: 

Oape Province 74267, Nat~~tl 1538, Orange FPee state U798 IUld 

'l'l'ann"al &J&4 mor~en. 

Bloat la aeldoa reported trom the 110re arid rMohlnr.: 

areaa or the country beoauae 1rrlgat1on f~tc111t1ea n.re mrually 

not avnilt~tble, and peente~ pa1t11reo are therefore not grown 

to Aft1 extent. Oaaea do howner ooour, due to the teed1n~ ot 

luoeme hay eapeolall.7 1n per1ocla or clro1a~t, and due to hMYJ 

oonoentra'e teedlng ot 1teaaa 4ur1ne te.tten1ng. 'l'he experience 

ot a oert,1n ranOher at Bandollm-eltop 1n the Jlo!tthern 'l'rttnBYaal. 

1• ot 1n,erut. Due to aevere droogtlt ln the 8J»"1na ot 1952 

veld graslne beOIUie depleted, and luc•rne hAY teedlnr; had to 

be reaorUd to. A parUoular batch or exoeptlonslly L~O<' 

q\lall ty leaty hAY, arovn 1n the Uplneton d11triOt 1 oauaed aerloua 

outbreak• ot aoute bloat 1n oattle on thla tarm. 

2. 'the *XPO At an'eel •t'M$eG. 
Aooord.lng to Cole et a1. (1046) cattle, ahe111p and goata 

and probably all other rumiftlltlta are subJect to bloat. The 

relat1 •• attaoeptt.b111 ty ot the different apeo1ee haa howeYer 

not b~en determined experl11entally. Aooorc11nc to MoCandll ah 

(1933), dairy oow1 appear to be 11ore auaoeptlble thM beet 

animal• or lheep, and Mead, Oole and J\e~ (1944) found 'forae 

bloat amongst daiPJ oov• than a110n~at eheep under the tfll"le 

feeding oond1t1ona. 

A1 thou£11 oattle ap:Htar to be th'! Rpeciea IUlinlJ affected 

bJ bloa' ln uouth At'l-loa, there 1e no d1reot n1d.,oe thAt th1a 

11 due to a speolea dltterence. It 1a more Ukely due to the 

taot tha' bonne• IU'e the pre4olld.nant apeo1ee 1n those areas 

'~here legw~e paatUI'1ng 1& praotlced.. In tact bloat 1a Juet as 

bad 1n aheeJJ tAmlng areaa lt lP.gtaea are ted. 'J.'h.e eXpeM.enoe 

ot one taftler 11a7 be quoted aa an autple. Being a aheep tAJ'IIM' 

the luoerne paature 11 uaed. 11&1nl7 tor the n.n1Bhlng otr ot 

lamba be~ore eale wlth ~· result th~t bloAt ooanra re~1larl7 
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15. 

a110nga' his sheep. After the lucerne haa *tm Q"N.Sed down, 

h1a cava are al1oved onto the paature &nd hardlf any canes 

ot bloa' are enoountered IIJ'IlORgtlt these animals. The reYerae 

1a probably true in 111aJ'17 ot the oattle tarmlnc areaa. Atter 

the bovines haYe gra.s«\ down the pasture and been aubJeotecl 

to bloat, the sheep are allowed to grase the atubble on Which 

bloat la not Ukely to occur. Apart from thls, the beat type 

or paatare vh1ch 1a otten blottt provoking, i• uauall7 reserved 

tor the PArticular apeoies or breed ot aniul whiah 1a the 

118.11\ tarnd.ng oonoern. 

Howner, the tAot 1111at be aoknowled.ge ~t as a species 

bov1nea in gen~al are tru- leaa partioular and oaref·tl fn their 

feeding habl ta than sheep. Cattle ooneuae their teed muoh tas­

ter and are ntOI"e inoUn8d to be paeed;J. !hla lli~t well account 

tor some dltrerenoe 1n the ino1denoe of bloat between the wa 
ttpeolea. 

Replies to the queat1onna1rea nearly all at~t• that 

hlgtl prodnolng dairy oowa, v1 th TOraOlOUI appet1 tea and gpe~ 

feeding hab1 ta are the anl~~ala moat commonly subjPoted to bloat. 

or the dalry bH84a the Pr1ealan4 and Jcrraey appettr to be moat-

17 atteoted. It ia felt that thla 1a not due to &n7 apeain.o 

d1tterenoe 1n auaceptiblll'y ot breeds but that the oocurrenoe 

ot bloAt amongst 41 tterent bl'eeda depends on the preponderance 

or populAM. t;r of a. breed 1n a oert~tln aJlea. 

Animals ot all agea are apparentlJ equally auaoeptible. 

Pregnant an1JM1e are aomet1••• regn.rded aa partloularl.y euao•P­

t1ble.. 'thla Jllght be dtle to an increased apf)eti te or due to 

lndl vidual suaoei,tl bill ty. 

It ls a wellknown taot that oertaln An1ronln are more 

auaoeutlble to bloAt than othera. Th1a baa be"n deaor1bed 

b7 var1oua workera (Cole, Mea4 and Regnn (1940), Mead, Cole 

and Regan (1~), Q.uln 1942 And C::l~k (1960)). ~·:ape, Jnoobaon 

and Oannon (194;,) state thAt (Jry oowa aeld.oa bloat, hut thftt 

lt is the mll.klng 0011 or gPowln~ animal v1th a large appetite 
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'hi!.' gorse 'Utea1elYea and. bloat. Althou~ Mead, Oole and 

Regan (lM-i) acknowledge the tact that the greater auaoept1b1-

11 ty ot lactating oc.wwa, ae a.orapared "fi th dry oow1, aay be due 

to 1nd.i vidUal dl ttel"en()eS 1n rood intake caused 'by creedlnes•, 

they JUJ.ntain thRt there are aa 1et unexplained. Ynr1at1on• in 

1nd.1Y1d.ual suaoep't1b1l1 ty not depend.ent on the aaount of teed 

oonawaecl. 

3. :lh• type gt teed on yh1 gh b1p•Ji QMKI • 

.A.ooordini to Cole ct a1 ( l9-i5) bloat haa been reported 

to oocur on lucerne, vsr1ous apec1e1 of clover, trefoil, peaa 

ancl oabbabe leaYea. Al\hough 1\ i1 not ool'ltmon to exper1enoe 

bloat 1n an111ala on graaaea, 'lsYlor (1940) ln Jlew Zealand re­

por\eci ~at bloa \ aay occur on r7e that haa been at1 rnula\ecl to 

groow raplc1l.y, anc1 Ohman (1938) in Auatralia 1tatea that r~tpldlJ 

gro,.,1ng oereala !lAY prOtllloe oloa\. 

~loa\ hsfl also been reported on Y&r1oua other fee41. 

Mo0an411ah (1923) round blo~t 1n a calf on milk aa th~ eole 

die\. Aooor41ng to Me&4 and Goes (1936) blolllt can ooour in 

An1m~~tle ted grain onl.7, and Mea4, Cole and Regan (19._.) a..''lGWICl 

that bloat oan be produced on a ration ot t'inely ground lucerne 

hA.J and grA1n, but not on unground hay anc1 grdn. 11ot:, Gerla¥ 

and. Sohalk ( 193'7) found thllt ateer1 ted conoentra tea and. ror~e 

started bloating aa aoon aa the oonoentratea were 1noreaee4 

to about 50~ or more or ~~· total rat1on. 

BlC'at ae a reault ot obatruot1on ot the oeaoph~zua 

is wellknovn to occur on tuberc euoh aa ohopped beeta and 

potatoes. 

!he tollo"flng green-teect.a are reporte4 to oauae bloat 

1n South Atr1oa: green lucerne, clover ("t'ar1oua apeoiea) 

oate, barley. It•l1•n rye, vheat, oavpeaa, ohemol1er and luah 

green graea such aa 11kuyu (Pennlaetum olande•t1nua). Bloat 

1e aleo oan•ed. by the teecUng ot go~ qual1 ty leaf)' luoerne 

hay eapeo1all.y it the hay is aoa.lted betore teecU.n~. HeaYJ 

concentrate tee41n~ either alone or 1n oonJunot1on wt\h luoe.rne 
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1'7. 

also oauae bloat. It io a alt_;nln.oant taoti that lt la 

usuall7 the exoept1ona.lly good quall ty luoerne haJ And Vie 

beat type of creenfeed W\&t GA.U88 bloat. 8011le Of tht beat 

lucerne ha7• are prodlloed on tart!la border1nr; the Orange River, 

eapeolally ln the UplnL~n dlatrlot, an4 m&n1 reporta ot 

blost on luoeme hllf conalnt:: troll this gea haYe been reoelYed. 

•· 'l'he '"«' gt i XAXtb en~ QOQAA t1gn et ttu: blpct 

Oole, Mead and Jlegan (1943) tountt that blon.t Cftll be 

produoect aperit~ental;LJ it lucerne 11 ln the pretlowerinz 

atqe ot grovVt, arlap and euaoulent. In order to obt~tln 

nooulenoe, autnolent water ahould be aupplled to lnc\uoe 

Many, ot theae obaerYatlona are oonnrMed b.r the re­

pllea to the queotionrllt1rel. It 11 mentioned. that bloat ocoura 

vhen the peenteed ia young and very Rooulent and h.aYe erovB 

rap1417 •.ander 1rzalgation. !he bloat proeu41nc luoerne 11 

reported to t,-ow 11101tly on heayY, fertile aolla, al thoUBtl 

blost also oooura on lucerne grovn on other GOlla Mti even 

under dryland oondltlona. 

AoaoNJ.ng to one farmer bloat 11 00111rn0n on a p&Gture 

oonaistln(; pW;'ely or oloYer, vhe ... bloat le14om ooo1n-a on 

a ralxed grase-oloYer pasture. !hie ls ln aoOOJ'danoe v1 th 

the tlnd!nga of Bell and Br1 tteD (193U. ~'ho toun<J. that. bloat 

oea•ed to be a pPObl• when olo'YeP pe.aturea were oovered. v11ih 

aore Vl"" &SO;c ot gP&aaea. 

&. 'th• lgAuppf gr cu~prenmental oopsU t1pQ•• 

It ia wellknovn Wtat bloa' OA.n ooour Under V14el.y 

41f:t'erent ennronaental aondl tlona. In taot Cole, Mead and 

Regan ( 1943) ahoved W\at bloat oan be produoed Rft1 tlae ot 

yeu, and under Yary1ng enrtroftllental ooncl1 tlon• 1 r the luotm'le 

la ln the appropriate atn.ge ot dneltpaent. In apt te ot thla 

1 t dOea ~ppear that the ln.,.denM ot bloat la greater und.­

oertaln ennronmental oonc.tl tiona, proTlded other taotora are 

tPlYOurAble. 
18/ ••• 
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19. 

Prom obeerYat1ona at th~ Oroottonteln Oolleee of 

~1oulture, Turp1n ttn<t Malellar (193?) found that f'ltoat1ng 

and vilt1ft£ Of luoerne Are importAnt fa.Ot01'8 1n blO&' and 

th&t the ooourrenoe ot hloat 1a aaaooln.ted ~-1. th the llolature 

oontent ot the plant, thP et~t!e of c;rovth and the type ot FJo11 

1 t 1 s ~,.ovn on. 

Moat veter1nar1ana and fAl'Tllet-1 stfl!.te that hot and dry 

'~eathe!' 1 ao0011panled by hot •1-nd.a ~oh onuse w1lt1n1~, ~ 

oond1 tiona ~Jhloh are ~vourable tor the pl'oeluotlon ot bloat 

on gref!n leG'Wftea. Interml ttent :rllin and hot WMther probAbl7 

a lao oauae wll t1nf:• rroeted luoerne and l11oeme vet Wl 1:h 4ev 

or ra1n are aleo regarded aa dangerous. 

In sp1 te ot the taot that vetting ot legaea 'b7 4ev 

or ra1n 111 otten :regarded •• an laport~nt et1olo::;1oal ta.otor, 

Molntoah (193'1) reported bloat on luoerne during a period 

ot aevere drought ttnd Col•, Mead Aft<1 J\esan (1943) found th~t 

bloat ~ oocur on le~,.a•a tree from external mo1ature. A 

poae1ble explAnation, stven bJ Cole ct 1~ (19<&&), tor the 

ooourrenoe of bloat 4u:rlnc pe.rloda ot severe droU[,t, 11 

that all other planta exoept Vle luoerne are killed ott b7 

the 4rou~t, and due to the eOIU"o1 tJ ot teed there la a 

greater tendenoy to paature the luaf!rne vh11e JOW\P:'• They 

•tate that the &JIOUllt ot r,.lntAll nrobabl:r atreo•a th'! 1nc1-

4enoe of bloat by oonvolllnG the type of plnnta th!llt ¥111 

grow. 'they ol te 1la1lJ' examplea where the lnc1denoe of hloat 

on clover 1noreaaed -.endoualy 1n t1mea ot abnormal rA1ntA11 

and attribute th1a to the tact that vet vuther •~ema to 

favour the growth ot clover ov~ that ot graaaes. ApAI't tl-oa 

thl! e:N"eot or rrllnfall on the gz-G'fth or other planta, exoes­

a1Ye rnlntall Will contribute to the suooulenoe of lecumes by 

d1reotlJ praotln,~ plAnt Growth, and as ha• been ehown by 

Cole, Mead and Rqsn (1943) auooulenoe ls sn 1111p0rtl\ftt f~~totor 

ln the pr04uotlon of bloat. 

!!ape, Jaoobaon anrt Cannon (19~d) bellwe that external 

19/ ••• 
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19. 

1101ature auah aa dew, rnln or troat on the plnnta, <11reotl1 

lnoreaae the poaalbllltv ot blont by oaualnc the ~mal to 

eat and avallov the torRge taster, and by outtlnt~ dovn 

aall VR'rJ aeoret1on vh1oh, aooordlng w them, lnoreaaea the 

11110unt or pe rormed 1n the ruaen. 

Although troat, heat and wind have repefttedly been 

1nor1ain~ted aa etlolog10Al taotora, the underlrlnc pr1nolplea 
\\ 

h~t.Ye not yet been aatlataotor,.y Ul)1A1ned. 

Detore one oan 1ntell1gently 41801189 acute bloRt, 

one mua' aooept Weater1 a olaaa1t10Rtlon ot the oondi tlon. Re 

d1Y1dect acute bloat into tvo d.latlnot typee: 1n the one type, 

bloat la due to trothlng ot the 1neest11 and ln the other tr~ 

gAa ls tound aboYe the 1ne .. ta. 

Report• by tld'llera and veterlrutrltUta ln thla country 

1nt11oate that aoute bloa' on legumea la uatlAlly ot the t'JtothJ' 

t7J)e. Thia fllot la turther aubatant1atec1 by the auooeaatnl 

t~-ea taent ot 110at oaaea ot bloat \11. th ~entlne or oth~ 

antltroth1ng agentA. Apart troa oWler oanaea, oaa~B or tree 

gaa t7mpany have ~lao been re.,orted to ooour on leGWften, but 

ln \he preaent author'• oplnlon moat ot theae caaea are dne 

to troth1ng ln a ·1te or the tact that a oert~n L~unt of ~e 

gae eaoapee Vhen a troOAJ' or ato11e.oh tube 1a lnaerted. rua 
aatter Will be dl aoaaaed at length 1n the oh&pter clee.11ng 

'·11th eXperlaentRl :reaulta. 

20/ ... 
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20. 

Aoool"dinL to OolP., Mead and Kl~iber (UM2), :Jte oem­

poal tlon ot the ruJd.Ml GflBea rloea not vo.ry llarkecll.y w1 th 

d1treren" teeda. 'l'he tollowine t1gurea Are take tr0111 th~lr 

publlOAtlont 

reed AYer&ee 
cggfi 

lucerne ha1 62.3 

green luoer- 58.0 
ne 

lucerne hal ?0.8 
and grain 

2.8 

1.8 

1.4 17.1 

AVP.rat;e other 

''''" 
12.8 

'7.9 

10.8 

They a lao oont1rme<! the work ot Waahburn a.ntl BrodJ ( 1937) 

Who shoved that ~· oonpoq1t1on ot ruminal gaaea varlea more 

,,1 th the t1m.e lntePVn.l after tee41ng thAn "t'1 th tile ration. 

Aooordine to the latter '"orke:ra, the average oarbon dioxide 

content of rumlnAl gaaea tor the ttrat t1 Ye ho~a nner te~ 

rtlns 1a 651. This 4eorea••• to r:z.oa 10:: to 28}( e.t 15 to .a~ 

honra after teedlnrr. !he percentage of methn.ne reaaina 

appl'"oxlmately oonatant. whereas the peroenta.ge of ox;rgen nn4 

n1 trogen r1ae aa that of carbon dioxide deoreaaee. 

The 110at reoent t'lgurea by Kleiber, Cole and Mead 

(1~), on the ooapoalt1on ot ruminal aaaea et oowa on lu­

cerne pasture are the tolloving: Co2 87).~ J CH4 •: N2 ,m 
R2 71; R2a .1$ And 1eaa than 1$ 08. The oempoaltlon ot 

rwa1nal gaaes ot bloated an1ula, aa de-.rm1necl 'tq 01aon 

( o1 ted bJ' Cole, Mead anc1 llelber (1942)) a.p,)IU'ently doea 

not d1tter u:rkedly trOll the normnl. 

Uou~erty (1941 and 1942) fonnd l~Je M\Ounts of 

h7drogen ault1de (.1 to .7 Yola. •> 1n rttm1Ml ;;as and 

ln£~•ta ot nn1ula that died ot bloat. Thr h7drorsen sulnde 

content or rum1nn.1 lnt.{eata was found to 1norease Vi th the 

teeding ot bloat provoldn~ te~s, •uoh a• good q'tA.11 ty lttoe:rne 

21/ ..• 
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21. 

h&y, green luoerne and clover. Dougherty nleo repol"ted the 

presence of O&rbon monoxide ln oon~ntrationa up to .171' 

1n rum1nnl gaa of norm._r,..l M11!lll18, but fotmcl no ·~orrel~ttlon 

between ~..rbon monoxiue YP..r1at1ona and teed ahaniTe&. 

Olaon (1944) a.lno found that carbon monoxide and 

h7<lrogen aultlde u-e preeent 1n the X'1md.nA1 0A.&ea of normAl 

&nlmala And that the hfdroBen eult14e concentration la greAtly 

1ncreaaed ln aaaea ot bloat. llelber, Cole ftnd J.fead (1943) 

hovever tOtmd no a1gn1n.Oftnt d1tterenoe 1n the J\1dro~en rml­

tlde oontent of r,md.nal gaeea tl-om bloAted Rnd nonblot~tted 

aniraala on the 8&11• paature. 

1. The tiA'GA'I gt QU:hrJD D1ppQt. 

1'he oarbon dioxide 1n rum1rutl gila 1a derlYed largely 

trom termentat1on of carboh7dratea, eepeo1al17 augn.ra. Mfll'­

kott (1911) tound that when BUBAJ' waa added to ternent1ng 

rw:dnal 1ngeaU. 1n v1 tro, the rate of Oal'bon 41ox1de nroduo­

t1on lnoreased 111Al'ke<lly. Qu.1n {194~) showed that large Mounts 

of gaa, pre8Umllbly oarbon dlonde, are rAoldl.J' formed 1n the 

rumen troa fermentation or oxidative aaa1m11at1on or AtJl!U& 

by paeudo veaat oella and 1od«Jphy11c btt.otf:!l'ia. 'l'hla I'Apld 

gaa tomAtlon does not tollow the 1ntroduot1on of stnra,_, 

oellnloae, protein oz- tsi• lnto the rumen. Cole gt al (1945) 

hoveYer atRte that there la an unllnd. ted number ot oreMlo 

aubatanoea from t;'hloh mlcro-organ!gma oan prad.uoe oarbon 

dioxide. 

Anothet' ao•.troe ot CArbon d1ox1de ln the ruaen la troa 

the b1 oarborut te 1n eva llowed eal1Yr: • Co 1 e ,t\ al ( 1945) a tR te 

thl!lt sal1Ya oan only be a aouroe ot 011.rbon dioxide 1t the 

rum1nal Jil 1a below 6.9. Glnoe Ph1lllpaon (1942) sho~ed 

that the pR ot the rum1nal lneeata. beooaes ac14 atter feeding, 

due to the toraat1on ot orgf'n1o ao1de1 1 t !a obvions thAt 

sa11 va la a potential aouroe ot onrbon dioxide. 

2. :tAG lgnrggs 0( Xethyo. 
e 

Vhera• oftl'bon d1o~1de formation 1o usually rapid under ~ . 

aeroblo oondi tiona, methane nrod,tot1on '1a alcr:r and oont1nuoua 
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2;.!.. 

under a.naerob1o oon<11 tlona. Tappelner ( 1982) llhoved th.-.t 

cellulose 1a ft aouroe ot aethane 1n the ruaen. lellner and 

18hler ( 1900) however round that not only cellulose but Aleo 

euga.ra and atArohea oauAed An 1norea.a~ 1n methane prodt~otlon, 

when added to a mn.1ntenanoe rAtion. 

The MR1n eouroe ot methane appears to be oarbohydratea, 

Although lll.\fYer (19:51) augt;eata that ll great variety or organ1c 

ooapound.a are oapc.ble ot produolng aethane on term"tntP.t1on. 

Aooord1ng to Bftrker (19:56) and Yan N1el (1943) miaro­

orgn.nla•s oa.n reauoe CArbon dioxide to r.te'tt.ne by oxidising 

tvctrogen or ooapoll,l1da 'Which aerve aa hydrozen donora. A ~RAll 

~~tmoun' of aethlllfte present ln rUJiiM.l gaa 1187 there1'o:-e RlliO 

be derived. from oarbon d1oX14e. 

3. Dl1 MlK911 9' O\hG' AriM· 

Aooorn1ng tG woods and Ollfton (o1ted by Uole et g1 

(19"6)) the sonroe or hydrogen 1n bncter1a.l tsruaentAt1ona 11 

oarDohydr~tea. !'he en~anoe ot at110apher1c Air during the 

prooeaa ot awallovin& 1a aentloned by Cole et a1 (1945) •• 

one ot the souro•• ot flaee n1 \rogen And oxygen 1n the rumen. 

~me oxygen ~nd nitrogen o~n ~pp~ently also dltruse into 

the rUIJen troa the blood. 

Hydrogen sulfide 1B der1Yed trom aulphar oontn1n1ng 

organ1o oompoun<ia auoh aa PI•ot.,1na "'h1oh are present in large 

amotmte 1n the leAves ot legum~s ( Oole ct o,1 (1946)). 

4. Paq;ora attect1nrt the t-'te ot gattowuon. 

A8 alread.y atA.ted. aoeaalve gaa formation 1• not the 

basic cauae ot Aoute bloat when the eructation meahan1a 1• 

nornaal. Hnes-theleaa 'th~ ttR.te or p1 tormat1on muet obrtoualJ 

plaJ an important role when el1m1nat1on la 1nef"f1o1ent. 

Varioua workera have lhovn that teed.a. "fhloh usually 

oause bloat, do not produoe more ca• ~~n teeds not usually 

aasooia,ed with bloat. (~aahb<~n and BrodJ (1937), Cole, 

llead and Kleiber ( 19~), Jaoobaon, Eape and C~nnon ( 1942) 

and Qnin (1943)). In f.Rot Cole, Mend ana ll~iber (1942) 

tound. tha' green lucerne toraa lea a gaa than lucerne hA.J' and 
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oonoentrtttea. 

Qa1n (19~) at~1bu\e ra.p1d 6RA form"lt1on ehortly 

after teecl1ng to the presence or eug.ara 1n the feet!, '-mioh 

1a aubjeot to rap14 ter~an\at1on by paeudo yeaat oella. The 

gaa formation reaoheo ita peak within h~lt to one and a 

h~lr noura and \hen ateadllJ deo11nea. H4 attttea that the 

quttnt1ty ot gas •volYfts during thia periods 1a in d1rec' 

proportion to the ftugar content of the plant. Quin slao found 

that the sugar oontent or luoerne VAriea und~ different 

con,t1 tiona nnd 1a hle;hest 1n the Afternoon "t·;hen bloAt U8Ut\lly 

oo'lura. MoAtmally \ 194-3) Alao sho'-ted thRt g11.1 tnrt"ft,1en 1a 

st1mulat'!t1 by the &1d1 t1on of augars to terment!.n;! Mua1nf!ll 

l!'!geat~~t. Q.u1n t''trtr~r ~ho~·red th~t fermentAtion and C&8 fo-r­

mation 1a alov "'hen th~ 7eaat cell11 1n the rtaen aPe d'1atro7ed 

by ohemioJtl enbstAnoea or ata.rv,.tion of the anlnutl. 'l'h1• 1s 

in A~oord~~t.noe ¥1 'h the t1nd1nge of 01-..rk (1946) •-rho ehowed. a 

e1gnif1oant oorrelat1on betwe~n ~· number of yeaat oells nreaen1 

in rtm1n&l 1nseeta ana 'he volu•e ot g~• evolved. 

Jaoobeon, Es~e nnd CRnnon (1942) found th~t the 

in yltrg r~te of termentation·or ru.1nrl in~Ata wae not 

a1gn1f1aantly afteoted by chRn~eo 1n dilution, temoerRtn~e 

and pH 1n the rAngeo normAlly ooourr1nc 1n th~ rumen, or 

by •odlwn ohlor1<1e ln uountfl oolllpftrable to that tfh1oh an1m~~tla 

eottld toler11.t~ 1n their drinking water. ClArk (1948) showed 

trat t'1rpent1ne and oertain proprietary oot\ltnr pZ"aparatlona 

hPve 11ttlP or no inhibitory errect on g~a rora&t1on ~en 

lUided to r~rmentlnc rtUII1n.ol ingeeta 1n ther&peut1o oonoen­

tr?.~tion. 

'!11ft JtiiOunt of tet!4 oonstll'l~ hMI a deo14ed tnnuenae 

on the rate of g&e formation. (Qu1n (1943), Waahbt~ and 

Brody (1937) ~n4 Oole, Mead and lle1ber (1942)). ?he lAtter 

·,·orkt"rs fl'>und thnt elven 11tree of g•!ll were prMuced. oYer a 

f1 T8 honr period after the OOD!'tllllptton Of • lbe. lUCftrfte h8J 
1 

whereas 77 11 trea ot gaa were procluoecl When 25 lb~. 'fetre oon-

8UIIe4. Th1a 1a g1ven as an e~pl.,..ntt't1on 'lifhy gpeed.y teedera and 
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24. 

laotatlnG animals are more subjeo' to bloa' than poor teed8ra 

or dry aowa. Ho,.,ever as po1nted out by Mead, Cole ttn'l RegAA 

( 1g'"), the OO'!Ul"renoe ot blo~t oannot alwa.ya be oorrela•ed 

v1. \h the I'U'IOllnt of fl!84 oonsuraed. 

5. Th~ eliminAtion of Gns t.rom ~· Rumen. 

The IIA1n aTenue or e&o&pe or gae trom the rUilen 1s rta 
o.c...t 

the oeaoph.&gua by asana or the apeotno re1"1ex .~ of eruot..-

tion, Wlld (1913) conclUded th~t ~Jot~tion ls a normal 8.nd. 

absolutely neoe&aary prooees in rualn&nts 1n or~er to r14 the 

rlimen of' ~tooumulated gaaea. 

AlthO,lgh bloat hae be~n 1nT~~t1~ted ~-tll oYer the 

'fOrld, Yery llttl~ 1c actually known about the eructAtion 

r~tlex and. th~ fnotors •mioh may 11tfeot it. ,.,.1e fillet la 

acknowledged by Clark (lg48). 

~1noe the modern conoe~tton of hlo~t 18 thPt it 1a 

drte to f'llult1 ~limin'l.tion Anrt nf)t to exoeall! ga• ror;-,~~tt1on, 

the t~tullly or blo~t.t turn& l~~trgely on A study ot the ~ruotat1on 

reflex and the fActors atrenttn~ lt. Aw this fo~s 'he ~ala 

ot the present ~fork, the 11 t~rnturtl!t nert111.1n1ne to th1a reflex 

will be fully d1souesed in th~ eubaequent aeot\ons. 

Ernotr..t1on ia ho"ieYer not the only met~od or ~~~111ng 

gas. Lftrce ~mount or OArb~n oi~xtde ~nd po~ribly ~lao rnet.hane, 

d1tfnaea through the ru"'~n ""'!.1 1nt.o the o1ro,t1At1on e.nd ...r-. 
expired. IJ01tf:1lPrty ( 1940) fonn<'! 1noT'II!'" s~<'! reepirr.t1ons during 

Ofllrb(')n dioxide 1nsuftlat1on 1n.to thfll ru.-.n. !he hypernoea 

'Wh1oh 1a not1oe"ble duM.ne a.otiYe fermente.t1on ntter feeding, 

1a undoubtedly due to atlmuln.tion or the reep1rP.tory centre 

by absorbed oa.rbon dioxide. Al ~hough the rn te of' narbon cllo­

:xid.e clittuslon 1a not known, Z.un.ts et A1 ( oi ted by Cole e·t a\ 

(1945) J noted. ;hat the carbon d1ox1de-•ethane rAtio ot ruatna.l 

1n~eata terment1ne ln Y1 tro ls tl"'om 3:1 \o 7s 1, td\ereaa gaa 
' aamplf:!e taken d1reotlr from the l'"tttlen a f'IW hours afier teeting 

h&d about ~· aa11e perotl!tnta.ge of oarbon dioxide aa of aethane •. 

Theae cU.trerenoee led thn to oonolud.e thnt l~ge- aJDOun'• ot 

oarbon dioxide are actually tranaferred to the blood.. 
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45. 

Citing the work of Boyoot' and uaaant, Unkea (1942) 

atatee that appArently a' leaat ten p~ oent ot th8 total 

&JROun t of oar bon dioxide 1n expired air 1a 4er1 Ted troa the 

alimentary ORnal. 

~lnoe any carbon <11ox1d.e 'tfh1ah ia Rb.orbed lnto the 

blood-atreaa auat neoeeaAr1lJ attect the OO~ooablnlng power 

or the blood, the following releTant experiment vas oonduoted, 

ln order to obtain 1ntormat1on on the extent or o~bon dioxide 

transterenoe. 

Four Merino sheep w1 th peraanent natulae were uaed. 

nte f1eWlae were aealed to enamae at.nllltlll leakage of gaa. 

~loo4 VAl oolleoted anner o11, before and after te~ng, for 

determinations or the OU~ooabining power by YM 31.yke' a 

aethod. ~fdlples or rwainRl 1ngeetA were "' ~o «JJ11.eoted before 

and. atter feeding for cteterm1nat1on of pH. !he a.nlmPla weJ"e 

teo. good quall ty lucerne h&J. 'fhe ret~~ul ts Are e1 Ten in 

~able I. 

t&ble I. 

: & 
~heep No. • Betore 1'eed1ng • One hour t-.fter tef.Jd1n~ • • 

; 
t.'f:k"li 

I 

Alk"ll ' • : • • • 
• Humlne.l pH. & He serve • it\1111nsl pM.' neaerve I • 
t • 

' I : 1 
1 ' 7,0 • 72 : ~. 35 • 67 • • 
2 I 6.8 ' 71 I 6.35 l 63 
3 ' e.& t 71 ' 6.70 t 63 
4. • 6.7 ' 67 • 6,25 I 62 • • 

1'he :r-eaul ta ahow ~t decid.ed red !lotion in th~ COz-oOPl.b1n-

1n~: po~fttl' ot the blood one hour Att~r teedlne.;. 'l'h".' chance 1n 

rum1nnl pH to the aold a1de 1nd1o~t•~ th~t 1'~cnt~t1on was 

aot1 ve. 

Although abaorbed. org11.n1c A old a ae.y be ::mrtly re~pt~nel­

ble for the drop 1n the alkA11 reeerTe of the 'blood 1 t is felt 

that 1 t is r1111n1y o.e.rbon d1ox1d.e vhloh 111 responqible tor th1a 

reduet1on. 
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FlO I i. 

Apparatus used tor forced &1r 1nsntt'lation a.M. dlreot ~tmlnnl 

recording. 
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26. 

In order to prove thi• atatement the tollo"¥r1n(~ experi­

ment waa made: Two ot the above-~entioned &h~ep were •t~rTed 

overnight and blood-sampleo under oil were ~~ oolleoted tor 

a determination or th~ n.lbl1 reaerve. 

'rvent:r li tree carbon dioxide w&a then 1naurtlated into 

the rumen of eAch sheep at the rate or one 11 tre p~ r.dnut~. 

( P'or ·a deaor1ption ot the apparatue and teohn1que of 1nsutne­

~:1on refer to the •eot1on dM11nf3 '41th experimentlt.l procedures). 

Eructation waa entirely ett1o1ent 1n bott\ Pnlmnln aa rumtnal 

d1etent1on tailed to ooour. HJPI!rllnoea oomMenoed approxilftllte­

ly three m.lnutea after insufflAtion wa• started. Blood-Rn.MPlea 

vere llgllin taken durin~; introduction ot the l&et n Te 11 tren 

ot oarbon dioxide. 

!he results are g1Ten in !'able 2. 

TahlC 2. 

: s 
:Jheep Mo. • Before COg-1nsurrlation : After 1nsuttla tion ot • 

: I 15 - 20 lltrea OOz· 
• • • 
: l 
• Al.kAll Resene • Alkali ReaWYe • • • • • • • • 

1 : 74 : 87 
2 • 78 • 6& • • 

The results clearly show that oRrbon dioxide 1a abaorbed 

tr-om the rumen and markedly inrluenoeo the ao2-00T'I'11ninc povep 

or the blood. One oan therefore oonolude that the reduotton 

1n the alkali reaePTe round atter t~ed1n~ vas rudnly due to 

absorbed oarbon dioxide. 
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2'7. 

'the expel"laenta were oarrlecl out at Ute Ondwstepoort 

VeterinArY Reaearah Inatltute. El~t tu1l-gPown Mrlno sheep, 

~~o adult gottta, Md t-t-ro youn,:- Frlealsnii.-oroo~ 'l.'>ov1nea, '11th 

l>ermanent rumlnal n.atul&e, 'ftere uaed. 'lhe sheep ~ette aeltto­

ted at random troll a teAm ot natul&e sheep kf)J)t at the 

Inatl tute tor a nW!lber ot Jeftra. !hey vf.ll"e mmbered ~om 

1 to 8. In adctl tlon to the ordinary rumen tlatulae, eheep 

No. 7 ne prortded v1 th a oaeoal natula &nd sheep No. 8 

vt th an abomaul t1atula. ( ror a tull deaorlption ot OJ)era­

tlng teohnlques aee appendix 2.) 

Uurlne an experimental period the an1tu.la were k~t 

in ind1 vldual under-root pena where tee4 and water· ooneunmt1on 

oould be 4eteid.ne4, oth8J"''itae they were allowed lnto an open 

pM.dook tor exerolae. Gooct quA11 '7 luoerne ha7 vaa usually 

ted ad. 111). to theae an1mala except 1t othft"'1se stated. 

In a tew ot theee experiments green lucerne, crown ~t the 

atR tlon, vaa e1 ther p&lttJ,l'te d. or out and ted 14· llb. Water 

vaa constantly available exoept 1n a tw lnatanoes mentioned 

in the text. 

Uue to the d1tf1oul. ty 1n reproduolnr.: natural bloat 

,~ thout the · ;Oapl1oat1on ot troth1neaa, the method or forced 

air 1neutnation n.nd d.i:reot rum1na1 :reoo:rcUne wae uaed to 

study the Meohnn1os ot the eruotatlon renex Md taotora 

atteotinc; 1 t. A alight mod1 noatlon or th_, method 4eaor1bed 

by Olark (1950) vas ueed. rtg I 11111atrate• the &p'Pflratua. 

'l'h~ a1r in ~• 20 11 tre aep1ra tor bottleo (A) , ~~aa 

d18plaoed by water ~~~ the main• &n4 toro8d lnto the rwn!Ml 

rnaan through a g• lon~~ sae inlet (B), v1 th a pertor~tted tip, 

whloh passed through an a1rt1r~t oo:rk 1n the n.etul~. Anoth~r 

short tube, paaalng onl.J throu~ the oork aeallne thP natul8 

opening, va1 oonneoted to An ord1n.ary ~mbrane taml.)our ( 0) , 

Whl oh dlreotly reoorded ~e pressure ohangea 1n the rumen 1n 

w ... 
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28. 

general and ot the lett dors~l sao 1n part! cular, on a 

kYJIOgJ-atlh. In the aheep and goata a1r waa introduced at the 

rate ot approxlnut.tely one 11 tPe per minute 1n tome oaaea and 

one 11 tre per three or tour rd.nutee 1n other oasea. !Aoh 

11 tre ot Air vaa marked by the a1i.~Al (D). 'l'he rate ot 

1ntro4uot1on ot air does not appear to atreot the 111ue; the 

taeter rate ot lntrocluotlon beine employed on ooos.slon beoauae 

or the gzaeater eaae ot evaluatlnt; the ett1olm~ay ot eructAtion. 

In the o&ae of the bo'finee, air VA& UBUs117 introduced at the 

mte ot approxl•ately three li tree per minute. 

In order to elimiMte the Oet~plioat1on of troth1neea 

ot the rum1nal inBestat when bubblin~ ~~r throuch lt, a 

proprleta..PY nnt1-ftooth1n~ agent (Oooper and Nenheva or I.a.I.) 

(Clark 1950) vae dosed. a1 a routine prior to the lntroduct1on 

ot P..lr into the ru..en, except ln thoae oaaea in ,hloh trot..h.l­

neaa ltaelt vas the eubjeot ot 1nveet1e~t1on. 

RetioulAr recordings were obtained by insertin~ a 

fiexible oop~··ezt tube ( 3/l.&th lnoh d1am.), "rl th & balloon 

attached to one end lnto the retloulum, thJ'ouef\ an extn 

opening 1n the ruad.nnl t1atu1A atopper. After aome prAottoe 

1 t vas qu1 te easy to d.lreot the balloon lnto the ret1ou1ul'll. 

'l'he an1rDAl usuAlly atl\rted rum1M tine When the bAlloon vaa 

1n the proper poa1 t1on. The other end ot the tube protruding 

throu~ the notula oork vas ooMeoted to one arm of a vater 

!Sllometer. Att'3r inflation ot the bAlloon, the othP-r ""' 

of the IIAnometer vaa oonneotect to a mtmbrftne tA.MbotJr, adjna­

ted to record on a kymor;raph eynahl'onoualy '11th the rumlnal re­

cord1ne. Reoordinea ot oaeoal and abom1uJal motlll tJ were 

obtnined 1n a alm11ar manner. 

!he a4rt1t1onnl. apparatua deploted ln n.€;. I, ehowa th• 

method th& t waa uaed tor :reoordlng the abomaSUJI or oaectlll 

aner d1atent1on of the organ "Ji th e1 ther saline or air. An 

aaplrator bottle (I) vaa oonneoted directly to the abonta11111l 

t1atula (G). By means ot a ! • pleoe (P) the tlatula w~~ta also 
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. oonnected to one arm ot a water ~~anometer (H). 'rhe other arm 

ot the Mnometer waa connected. to a ~mbour whlah reool'd.S. 

abomaaal presoure a111Ul. tn.neoual.y w1 th rumlnRl pressve. s,._l1ne 

vas run by gran ty tl-011 the aaplrator bottle into the abomanm 

or oae01111. If Air vaa uaed, this vaa toroed ln by \filter 

pressure ln exaotly the 8Mle "'A:I aa the rumen wau 1nautr1At*l. 

JJurinc recordinG• the anl~~ala were reatnlne4 in speol&ll.J 

oonatruoted atoOka. 

The pH ot rwnl.nal and abomaaal ingesta were taken wt th 

a glass-electrode pH-meter 1mmed1atel.y after withdrawal from 

the animal. !he alkA.11 rea~ne ot the blood waa deterndne4 

by the biooh.mloRl aeotion ua1n~ vnn Bl.J)te• a method. 'the 

animals were ble4 trom the JugulA%' vein and the blood oolleote4 

under oil. !he ope:rA.tion tor abdoMinal vaga~ performed on 

the two goats, ia deaorlbecl 1n appendix 2. 

In the experlaents on 1'!-oth formAtion the appar&tua 

depicted 1n t1g. 2 waa dertaed 1n order to de-.ermlne the 

oonalatenoy or rullinA.l 1ngeata. '.rh1a consists of P. llttroury­

t11led bulb (A), weighing 15.9 ar"ms, attaahed to a thin rod. 

A silk thread oonneota the rod v1 th the acale pan (B) onto 

wh1oh a pointer arm 1a attaohed. The thread 1a paased over 

two pulley• on a oroaabar vh.1oh 1a tlxed to M ·ordinary J-etort 

stand. A 200 o. c. teAt tltbe W1 th an inside diameter exof!ed1nc 

that of the bulb by at leaat 1 ~. (0) !a olRftlped into post t1on 

to reoeive the glaal bulb. 

With the bulb at the botto"l ot the test tube And the 

pointer arm opnos1 te a aero 11ark (O), the tnlle te ftlled ,.t1 th 

rumlnn.l 1ngeata. Buffloient veit;hta are then plaoed on the 

scale pan to oauae the bttlb to be dl'avn throu:.1t the column 

ot 1noe•ta, the t1xe4 41atanoe ot 19.7 oma. (D to E) 1n 

a~ox1mA.tely three seoon4a. The oonalatenoy lnclex ie thua 

obtained b;r 11Ult1ply1ng the weight required bJ the aotufll 

ti•e taken. 
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FIG, 2. 

Apparatue tor determination of the oone1atenoy ot rumlnal 1nceet&. 
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'rhere appeared to be no s1gnlftoan' dltf'erenoe 1n the 

oonaiatenoy ot frothy 1neea\a betore or aner the add1 t1on 

ot an ant1-t.roth1ng agent autf1o1ent to break the fl"oth. 

P'or the experiment• on frothy bloat the IIRDie t1stula­

aheep, mentioned aboYe, were uaed. Repreaentat1Ye aamplea 

ot 1n6esk were removed trom the rumen, when required, bJ 

m-eans ot a hnnd-operated ftOUUIII pump aupp11ed V1 th a ttanp. 

A Yide-bore glaaa tube, ooMeoted to the trap by mean• ot 

rubber tubing, vas lntroduoed lnto the rumen vla the t1atula 

and constantly moYed about when auction waa applied. 

ror the u.me experiments on oattle a croup ot atable­

tecl bovines, oona1at1ne ot thrH P'rlealand heitere, one 

l'rlealand cow, one Reretorcl he1tel' and two young Frleel&nd 

bulla were uaed. sinoe the animAl a were not pro'V'ided '·ri th 

t1atulae, trooer1SAt1on vas resorted to ~.menever BAmplea ot 

rundnal lngeatn. were required tor examlnat1on. 'l'he 1\nlm&la 

auffered no 111-etfecta troa thla prooed11re, nn4 aubaequent 

ol1n1cal exam1nat1ons ah01ted that rtalrutl aot111 ty vaa un­

afteoted. 
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31. 

The oeaopha~a entere the rtatno-retloular sao at a 

level oona14erably below the (U)rsal llm1 t ot the rumen (Sisson 

19:58). To quote trom Col~ et f\1 (194D): •This etruot'urP-1 

arrangements would apnear to offer oons1deJI&ble lnterterenoe 

vl th the tl'eedOil ot movement ot cas to the oesophaeuo. 1 

The followlnr; oondi ti.ons are, therefore, oona14ette4 

essential before eruot&t1on can tue plaoe. Gas aooumttlated 

ln the dorsAl aao ot the rumen ntUat be IIOVecl torvf!LJ'd And 

.GQ'fl'm%£41 to reaoh the cardia. 'l'h1s haa been postulAted by 

Amadon (cited b7 OolP. ct y, (194D) and Clark (1949)). The 

seoond eaaentlal faotor 1a thAt the oardlB must be patent 

and olear of any obe1i)..,lot1ns lneeata. 'l'h1rdl.J, the oeaophagua 

m.uet be patent and relAXed. tor the tree paeeage ot gal. It 

1s evident, therefore, that eruotnt1on 1a an aot1•• &nd 

oo-ord1nated retlex, mainly lnvolv1ng the r.S.nttl mtaoulA.ture. 

Moat 1nveetlptore (Vester (1935); Hon.an4 (1940): 

Dou~erty (1942) J Cole, Mead and Kleiber (1942): Mead, Cole 

and Regan (1944); Cole gt Al. (1946): Clark (194f) V\4 EvMa 

and Evana (1949)) haYe aaaoo1ated eruotat1on "d th aot1•e rumen 

mot111 ty, 1n the abaenl'e ot which eructation 1a suspended. 'l'he 

070le ot rtmdnRl oontrAotions hAs been studied h7 C&e))f! and 

Stl;~ler (1928), Magee {1932) &nd Ph1111~aon (19;,g) by meAnl 

ot X..raya. Weater (oited b7 Osepa and St1.:1er (1926)) and 

Sohalk and Alladon ( 1928) haTe reoorded rum1nal 110t111 ty througtl 

permanent rumlnal t1atulae. '!'hiD ~Min outooae ot these exten1111'8 

lnveatlpt1on\ 1n relation to the present stu~, is tM.t 

rwatnal oontrA.ot1ona oan be dlvided into two typea: (1) A 

baokv&r4 mov1n~~ oyole ot oontraotlona, 1nYolv1n~ a two-atage 

oontraot1on ot the reUoulWI, 1•edlatelJ followed by a t:tontr&e­

tlon of the lett dorsal and r1e-ht Tentral aaoa, anu then a 
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pause ot ftrYlne lenc,-th; (2) a tOJIIIWilrd movlnc- rumlnnl oon­

traotlon atart1113 at the poater1or dora&l bUnd IIAO• followed 

by Mother pauM ot YnryiJlC lenL"Wi• 

Veoter (1935) anc1 Hon.&nd (1940) haYe reported ~ 

thelr obaert"atlona that truotnt1on ooour11 in oonJunotlon 

w! th a return movement or ant1pel'a1ats.l t1o vaYe 1fhloh tollova 

on the baaltWa.rd ~n oontraotlon. 

In ol'der to oonftrm the obaern.t1ona ot ~eater I1J'Id 

Hofland on the d1reot1on ot ~e two QlxtG ot r81en oont:mo­

tlona, the tollov1ns ftrlatlon ot the method deaoM.bed,vaa 

.-ploJed. 'J!Vo tlalble tubea, v1th bnlloone attaohed to the 

enda • were lnaerted through two hole a 1n the preooure a topper 

.... llng the natula open1JlG• one balloon vae dlreo~ · to 

th.e region ot the oardla and the other to the poeter1or 

part ot thtt len dorlllll aao ot the rumen. J:&Cih balloon VIla 

ooM•"'Ot.-4 to a reoordlng '-lt'!)our. !he ueual 888 lftlet v1 ttl 

1 t• oonneo.S.on• vaa puaed throu£11 a Wrd openin: 1n the 

t1atula stopper. A1r vaa lntroduoed 1nto the l"'ttNll at the 

rate ot one litre per three mlnutes, 1n order to reoocnlae 

the r-1ud.nal oontraotlon at Vhloh eruotat1on oOOUPe. Thla 

oan be readllJ 14ent1fted aa a marked drop ln 1ntroaram1Ml 

Pl'•aaure oo1no1d1ng V1 th a apeolno ramen eontrnot1on. 

By ol'Mernn~ a.B1 ~1ne the time at "'hioh the 

anterior be.lloon zoeaponded to preormre ohansea 1n rel'-lt1on 

to the reaponse of the poatenor bo.lloon, 1 t va• f'ound thnt, 

V1 th the ordinary t-tnen oontract1on, the anter1ar bnlloon 

responded betore the posterior, Hh1lat t-Ilth the rur.ten oontftla­

tlon tthioh oolnoldea v1 th eruotlltS.on, the pocate:rior bal.loon 

:responded betore the anterior. '&.1• lnd1oatea that the ..,t,_ 
tat1on oontl'ftotlon .wee &om behind torvat"d• W1. th t..~e objeot 

ot monn,e the PI babble in the doreal aao torwnl"d and down­

varda towards the oardia. 'the m-dlruu-y rumen oontrActlon, 

essential for the mlx!.nt; ot the tnceata, 1• a vaYe 1n the 
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33. 

oppoa1 ~e d1reoUon. 'frac1nga or noraal eruo\Atlon 1n sheep 

and. oa'"tle al"e presented in P1gn. 3 an4 4. 1!:'ruotA.t1on renl ta 

tn a sharp drop ln 1n~m1nal p!'eaaur• and occur• at W\e 

height or uoh eruo~.t1on oon ~action • ._fhioh trequentl.7 tol­

lova 1.u~1atel1 on ~ baCJkvar.t oontraott.on. Philllpaon (1939) 

Mfll obaerYed that rullinal oontraot1ona tollov a det1nl 'te 

rhythm tn relation \a retioul.r oontraot1ona and thAt the 

rhJtb.la oe.n ohanfi• t'Nta one ty~ ~o anotl'l•r, w1 thout any appa­

rent re.t.r.on. It 1a ertdent 1"l-nll ~· tr4o1nga \hat not evf!1!'J 

baokVar4. oontraot1na 1a tollovect bJ an a:ructAt1on ao'f'ement. 

'l'heae ..,- occur after every b4akvard aoTeaent (111 rhythll) 

or at~er every alternate one (~:1 rhfthm). It in ~leo eYident 

fl'oa the traoinga t>m t th1a rh7tha o~tn ohnnge ft.B a rea,,l ~ 

of a p:reaaur. stlmulna. !his will bt~t d1aon"lned 1n the ptll-t 

deallng with the 1nl~1at1on ot the renex. !he Y-u-ylng rh7thm 

or rUJilru..l oontraot\ona. ment1oned. b:r Ph1111pnon, would ther .. 

tore depend on the preaenoe or abaenoe ot eruotatlon oontrao­

tlona. 

oontrao,1ona 1• Vll1'lll'ble. In 110at oaaea the eruok~lon oon­

tPact1on tollO'f8 V1 thin 10 'to 115 aeoonds after a baokward 

oontraoUon, al thou3ft 1ntePYala or Up t:l 60 aeoonda "81'8 re-

oorded on oooaalona. 

(B) !he AAJ.e ot libl pt£41•9 QQGQt• 

AlVlough Cole st a1 (19~) haTe nim••'ect the tallu:re 

ot a hy})()thetl oal oardlao sphlnoter to t-elax A& A. 1>0aa1 ble 

oauae of bloat, there 1a n, an~to111oal O!' h1•to1ogtoal '!''Yl­

denoe ot a true Aphlno\er ot the 0Ar41.1lo or1t1o•. 1\.ggA~zotU. 

(1910) lM11ned that the o1•1tloe vas ftt',)r71flll,. relax"- beoauae. 

vhen a sheep waa plaoed. on 1 ta baok vt th the head downv..rda, 

ao•• 1"tlll1nal oontent·s leaked lnto th4 !Iouth at each 1naJJlra­

t1on. On Ute o~er Mmt, Stigler (1931) pelpa'ed the o:\Mla 

and tollftd 1 t u•ua117 cloaM.. In the preaent au~or• • opinion 

the oardta 1a kept closed, not ao IIUoh by tonic oontract1on 

ot 1 ta own muocntlatuPe, bttt •w~ by external -preaaure exerted 
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N"orme~l Gruc~a1ion in the Bovine on a Non-roughage die+ 
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' Nore : Normal motility (rhyrhm ~: 1) with 
regurgt+ation and efficient eructation 
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air-·==!!!!!! 

Normal ~ruc.fation 1n Sheep. 

'Iime m min,--......__ _ __._ _ ___. __ ~----------........ ---'~---'----........ - ....... _ _._ _ _,_ _ ___. __ .___.__----' 

A-B : Normal motility; rhythm 2= 1 .B-C: Introdudion of air; rhythm 1:1 
C-D = Return to normal ; rhyfhm 2:1 
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by surl'OuncU.nt:; organs on the or1f1oe 1 taelt and on the !lbdo­

m1nA1 portion or. the oesophagus. Th1a would exp1·•1n the 

partiAl pateno.v when thP animAl us.e inverted, noted by AmYtz­

zotti. 

In th~1r review Cole et al (1946) atate that in 

Wester'• op1n1on the opening ot the oeaophAc~uo 4eoenda on 

the atrem~th or the rum1.nal oontraot1on, lllt.)re J')lltrt1C1'11~t.rly 

on the eontr•.etion ot the .. trAnBYerae tolda•. The revtev AlRo 

etntea th~t Amadon and Ue~4e11er palpated the OArd1~ nt the 

IDORI~~='nt or 8rllOtl\t1on when the7 found 1 t Widely dllrt.ted And 

tunnel-shA.Ped. 'l'h~y concluded th1e Y:ts due to muacular oon­

trRotlon, but the 11t1aoles involved are not st~ted. Active 

tUlatlon ot the CBrd1& eould only be broueht about by rnuaol'!& 

SUT'rottnd1 ng the or1 n oe 1 1. e. rumen muaoul~~t ture. 

Aa Wester• a or1r';1na1 publioatlon 1a not av~llable, 

lt 1e ditfiotJ..lt to underatP.nd vhA.t le me~~tnt by the •tranrnrl!rae 

folds". In the preaent author• e opinion the oardlao orl noe 

1s pulled open A-t the aaoment or eructation by oontrnotlon 

or the m~dlal Rnd lateral plllare ot the rumlno - reticular 

told. 'n\eae are dea•n-lbed by S1saon (1938) At'! tollowe: •'l'he 

lnteral pnrt or the told radea out an 1noh or ~#O later~l to 

and bfl'h1nd the cardia. The 11ed1al part ot the told ends juat 

behind the retlc,tlJt.r ~oove snd about three lnchee below the 

level or the oardta•. As will be •~en a .ehorte~1ng or th~a• 
p111&rR ..,ould tend to pull the OArdla open to thP. 'tunnel Rhrme• 

described above. 

A stron~~ oontt•aot1on of these pillArs ot the T''tm1no­

ret1oulnr told, "':-rl th the object of dllttt1nt; the Onl'(1ln 1 ia 

oonsldered an integral :pnr-t or. the toJ"'nnlr4 eructation roll 

or the rumen and occura at the IIOmP.n~ the tree sa• la OYer 

the Oftrdiac or1t1ce. 

Prom o11n1oal obeerYatione, Clark (1950) poatulnte4 

thAt exoeaa rnmlnAl preaaure lntert•red meoluullOlllly W1. th the 

AOt ot eructAtion. Nlahola (1951) totmd th~t when gaa vae 
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lntroduoe4 into a rumen alraady overloaded with tlu1d,belch-

1n,:.; took pl.soe tor a time and then tAiled. He remazaka that 

turther lnveet1ga tlona are reC1Uired into the mot111 ty ot the 

rWBen under euoh ooncU. tiona. The preaen t author oona1dera 

that the overloadine interfered. ~'1 th the etr1o1enoy ot 

eructation (vide intra) and thnt ~,he r1a1ng pressure ulti­

mately oaueed meohanioal closure of the oardia. Trac1n~• 

•acie rrom animals 'lith exoeasive rund.nal pressure and failure 

ot ~ruotat1on have clearly shown that the et~1ctat1on oon­

traotiona ot the 1~en .u-e at111 powertul Alld regular. Si­

milarly, o11n1onl examination or animals wlth aoute bloat 

has p:rov.t the rumen to be l11ghly aotlve. Weeter ( tl1 ted by 

Oole et a1 1945) noted th."lt there is hyner-mot111 ty of the 

rumen 1n the early atages ot aoute bloat. 

During numerous 1nauttl~tt1on experlaenta 1 t hill been 

noted that, under a ~ven aet ot oond1t1ona, eructation 

ett1c1eno7 1a inversely proportional to 1ntr~.ua1nal pt•eesure. 

A atudJ of the anatomical relAtione ot ~~e ~~o region 

auggeata an explanation ot this 1ntm-terenoe. It ia su~geated 

tha~, with a h1f#\ 1ntrarum1nal pres~ure, the ant~trior dorsAl 

aao bulges oYer and prea••• on the oa..rdiac orit'ioe and Rb­

riomlnnl portion Of the 0€UOphagus, thua caus1n~ a a&ohan1GA1 

closure. 'l'hls pressure Will be counteracted by the pull of' 

the rumlnal toldo described above. The etrlo!.enoy or the 

oard1ao dilation will, th~retore, depend on the relation 

be"'een 1ntrarum1nlll pressure and the atrencth ot the rum1n~~tl 

oontraot1ona. 

(0) ~he rgle Pi' Wg rotigulyre tp th'f: erugtatlon reag. 

The llltnrta.noe of the retloulu.~ 1n thr complex eructa­

tion retlex haa not yet been tully aeeeaaed. It hila been 

mentioned thAt the aeoond requia1\e taotor tor eructAtion 

1a that the 08Pd1a muat be treed of' obetr,Jotlnr; 1neeata. In 

a normally tull rWien the leYel of 1nt.resta 11ee above the 

'M>/ ••• 
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onrdlao prit1ce. (JI!a.gee 1932). . The x-r~ty photo:::rnphs repro­

duced in f\g. 5 vaa tAken from a sheep vith a normall1 tull 

rumen arter teed1ne• A bArium ttlled. rubbf!r tube Vna 1ntr()-

4uoed into the rumen to mark the entt-nnoe ot the oesophagu~. 

Aa can be IP.~n the oard1ao orifice liee vel\ below the level 

ot 1ngeatA. in the rumen. ror etrloient eructation to tnke 

plaoe some a~ohAniam must come lnto play whioh lowere the 

level ot tlu1e. 1n the anterior rumen belo,., thnt ot thll' Mrd1P .• 

Amadon ( o1 ted by Cole et ;1 19-!0) hae reported thn t the d1• 

lat1on ot the re,1oulum vh1~h aooompnnlea rum1nnl oontraotton, 
l~ere the tlui~ l~vel 1n the anterior rumen, so t~t the 

oardlao or1r1oe 1a unobatru.lted tor the tree plusnn~e or ~a. 
'the preeent author 1a 1n full aere~ent w1 th thl~ viev. The 

eimnltnneo,Je recording ot rumlnal Bnd ret1oulnr oontraot1ana, 

1lluetrAted 1n flr:> 6, clearly ahnva the t111Atlttion wh1oh 

aoooaJ)Anlea eruotat1on. The importAnce ot this d11ntAt1on 1n 

l<r·terlng the ntdd leYel and perm1 ttlft~ ett1~1ent eructAtion 

vlll becom.e ertdent When dea.lln1: 1t1. th the tnotora arreot1nc: 

the eructation ret1ex. 

In order further to oonrlrm thl111 hypothe111, eheep 

No. 13 •fal deprlYed ot a tunotlonln:: retloulum by oper'lt1Ye 

1nYaglnat1on and saturine ot the orge.n, thua obll te!'stlnc the 

lt~~~en. Detore the opern t1on eruotP-t1on and ruminal I')() till ty 

vere round to be normal on 11 full rumen atter teedln~. The 

degree ot rwaen t1111nr~ Vlll rouf1\ly determined by the re­

moval ot 3t li trea ot fluid rumen oontenta. 

FoOd ~tnd wate~ consumption vas very lo'·' attett the 

operation and the rW'Ilen was obrtoualy relAtively empty •.men 

reoor<ltn~• were tlllten on Ute 1lxth poet-op~A t1 ve day. The 

degree ot rumen t11Ung vaa again rout;hly deterMl.ned by the 

reMOYal ot 2~ 11 tree or flu1d. T-:MJot~ttlon etrt.olenoy ~tao then 

found to be normnl. Replacement ot th'! 2~- 11 trea rur.alnPl 

content• rednoed the etr1olenoy ot eruotatlon sl1r,htly, but 

the tnrther add.l tlon ot one 11 tre ot vn.ter markedly 1ntertereci 
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A 

B 

Che Role of the 2eticulum in the. 
cSruclation reflex 

f t f t 

A: Ruminal Motility . x ; eruc+ation contrachon 
B : Reticular Motility. +=dilatation of reticulum 

coinciding with eruclation 
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the effect of Rumen Filling and Pos.ure on Srudation SHbency ·m Sheep 

Normal £ffic1ent &rudalion 

Interference with &rudaiion by the addi!ion of 2 lihes waler 
to the rumen . 

erudafion Bfficiency improved by raising forequarlers . 

Grudahon .gfficiency marW!Y reduced by r~ising hindquar!ers . 

m. o. 
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w1 til the rena. It would thua appear that, at ai)pl'ox1rJately 

the UJDe deet-t!e ot 1"\.UUen t1111ng (~ 11trea), trt~otn.t1on 

ett1c1enoy vaa markedly reduoecl ln the abaenoe of A runot1onal 

retlonlua. 

The tU\imAl alao a~pen:red to be more than noJ'l'GAlly 

a•.taoeptlble to eleva,lon of the hindquaJ-,fl.ra. Ralalnc the 

h1ndquartere 1&0 reaul \eel 1n IM.l'ked lnterferenoe v1 th eructa­

tion etf1o1enoy, vhereaa noftlal eheep with approxiutely the 

81Une decree ot rumen t11llf\G ahov no effect on 158 elevat1cm. 

The etfeota of poature will be dlacuaaed later. 

(D) Jbc inltlgtlgn gr th! £Oflfl• 

Aooord!n(; to Oole •' a1 (194D) eruotntton 1a a ren.u 

rather thM a voluntnl'y aot becAuse 1nvoluntfll'1 musolea l"..re 

involved ln th~ proceaa. Being oonaldered aa a renex, one 

auat neoesBArily thlnk ln terma of a reflex sro, oone1at1n~ 

ot reoeptora, nervee, the oo-ord1nat1ne oentre &nO t~e efrti­

rent aotor nervea, vhioh haa been lhown to 1M the vac1. 

(nlenberf!er (ol ted by Oole at a1 (194&)), Hnnr:old Rn4 llein 

(192'1) an4 Hotlund (1940)). 

Veate!~ obaerved that eructation could ooour 1n an 

animal ,11th an open rUIIllnal netuln, thuB conoludln;.: that an 

1noreaae ln 1ntrarum1nal preasure 1a not eaaentiAl to ini­

tiate the renex. St~ltore (1928), tu:Ne-..er, 'believed that 

gaa preaaure 1e "" 1naportant at1 'lUlua tor the reflex and 

poetulated that !)t-eaeure 1111!7 be ex-..rt84 ln oertain ~rte ot 

the I-Umen in ap1 te ot an open t1atuh. 

Hot"l.und (1940) observed th&t the eruotlltlon o.,~trA('..-

tlon~ beorune 1!"'t-ecnl~tr and reduoed 1n r11te on •~t1on, 

but during aot1Ye terrtentatlon, After tee41nr;, thq became 

re_,~tlar Y\th extra ernotlltlons at 1nterv~1n. 

rJOul,~rty ( 1942) lhmred thAt by 1ncrMo1n:·· 1n~~P~­

rum1nnl preaoure by tht! 1nautf1At1on of' •--rlouR r"s~n, ean.,_ 

olally oxygen, rumlnal mot111 ty vaa Mrkedly atlmla tell eYen 

aner total para1ye1a oauaed by atroplne. Nlahols {1951) 
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3&. 

also reported thnt 1n•utfln.t1on ot \he rumen 1nc:reaaed bel­

ching. 

uuring exper1aenta w1 ~ the &l't1no1al 1ntroduot1on 

of air 1nto aheep, 1 t hns nonatantlJ beeJ'\ obaf!r'f"ed. thAt an 

1norea•e ln lntrarwd.nal preeaure atliRllfll.tea eruotlt..,1on con­

tPaot1ona. After a period ot taaUng, a rU11.1nal rhJ'thm or ,..,o 

to tour backward contrAotlona to enry one tOl'VU'Cl ert1otaUon 

oontr"'ot1on waa often obaerYe4. !he lntrcdttotlon ot air 'tlft4e­

theae oon41 tiona -rk.edly ohsnsect "'-• !'byt.M or I'Will n~tl oon­

trP..o\1ons,br1ng1ng aoH regular ei'Uotatlon 110nmente 1ato pla7, 

often with extra eruetat1ona lnterpoaed. A rhJthm ot 2:1 to 

4:1 haa ~tten been oba~e4 to ohRnge to a rh7~~ ot 111 or 

•••n 112 on 1ntroauot1on ot &lr. !he ••~• etteot la produoel 

b7 teedl'l\g. An aniul exhiblt\ftg a :rh,-tha ot 2:1 before teed1nf 

will ahO'i a rhy~ of' lll and 112 aner feeting, l. •· during 

act1 ve t"U"mentat1on. 'rhla 11 Moat pronounced aner feeding 

green lU'lerne or luoerone h-.y 'WM.ah are known to produoe lft.I"P 

aaounta ot pa. 

Bortnea cA.n h~le fl\r greatn &~~ounta ot Air ftt 

a taster rate than a.tteep. It lias 'been toU1'1Cl thl'tt bortnea 

uauallJ' nh1b1 t a 211 rhythP!, eY.n dur1ns, alr 1nsuttla.t1on. 

The rhytha haa been noUoed to ohAnge, howe-Yv, 1n aome oaaee, 

to 1:1 if 1ntParum1n'l pr-eaAure 1"oee aboYe atmotrphwio. 

In experiment• on •he•p Vhioh ¥111 be deeor1be4 later, 

a total paralyB1a or the rumen VAS brou~;ht ~bout by 1oa1ng 

e1 ther ao<1l1111 carbonate or potn.aa1ua cyanide. IntrO<luotion 

ot alr into the rua.,n oaused an 1noreaa• in intra l'W!llnal 

preaeure tth.loh at1aulated. the el'"Uotttt1on retl.a aft th~t tor­

v~Pd eruotatlon oontrAot1ona resppe8Ped rhJ~C&l17 ~lth~ush 

baokvftl"d ruaen contraot1ona re~~alne4 1nh114 t~. The rate 

ot theee tlruokt1on oontraot1ona WAa flbas-Yed \o he aerked17 

1noreaaed eepealally 1t eruotst1o~ waa ln•tt1o14nt \t1 ~ oon­

aequ.nt auata1ned. h1~ 1ntrarumlnttl pream1re. 

The trao1ng preaented 1n n.t:. ~ showe the chance of 

rhythm trG2 2: 1 bet"ore 1nauf1•la tion (A to B) ~o ltl durlnc 
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lnauttlatlon (I to C) v1th return to the orlg1M.l 2tl Jlhythls 

after the lntroduotlon or Air na atopped (0 to D). 

'l'he augeetton ot staltora (1926) that p:reaaure ln 

&JV part ot the rumen mnr lnl tiA'• the reflex, au~eated that 

receptors in the poeterior dorl&l bllnd aao rd.ltl t be more 

aen~1tiYe to pressure 1tlmuli thAn those el1ewh«re 1n the 

rumen, since 1 t la here thAt the forward mov1n;-; eruotR t1on 

oontrnotion haa lta origin. 

Obaen&tlone on the etteot ot poature or th~~~' ttnlrMl 

hsYe atre•1 "nned th1a theory. A rum.tnal rhythm ot 2al ohM­

ged to 1:1 durinG Air 1neutfiAt1on '11. th the llftlms.l atA.ndlng 

level. With th~ toreqUArtere rrd sed 1 t remained at 2.11 1n 

sp1 te of tdr lnautflstlon. In thla poa1 tlon y:reaaure vas being 

exerted mnJ.nly ln the anterior dorsal pnrt ot Vl~ :rumen. Vl th 

the hindqn..rtera rA1a'!Kt pJ-~asure VAll exerted YMlnly in the 

posterior aao and the rhTtha ohAnt:ed to l: 1 ,nth Y'!r'f frequPnt 

exu-& eructation onntr~totione. (The trnolnea preaented ln P1r. 
8 1lluatrAte thsae reaulta.) 

It ,.,.ould therefore appear thnt an increase ln lntN.­

ruminal presaure, eapeo1ally ln the poater1or aoraal blind 

aao, le the uln at1Mulua tor the erttotA tlon renu. Thtt 

lnoreaaed :rate o-r rum1nal oontraot1ons oauaed by oxy~en 

inautrlat1on, reported by .UouBberty ( 1940), vaa preauntAhly 

oauaed by An lnoreAse 1n \h~ rate ot eruotRt1on contrnat1ona. 

MeA.d, Cole and R.egAn (1944)&4vanoe4 the theory th~tt 

the preaenoe ot ooarae irr1 tating Mter1a.l ln the rumen 

nrovided the atimulua tor the eruotftt\on renex n.ncl that the 

abaenoe or ouoh materl~l leada to det4otlve eMJotAt1on nnd 

bloat. Cole, Mead and fte(lftn ( 194.3) aleo repo:rt~. the extetenoe 

ot a ro'~ oorrelat1on be~Aeen rumln~tlon And eruot~tion nnd 

po1tulated thAt both. aots were app...rently 1n1 tlated by the 

SAme atlmulue. 

AlthCJQgh Vie •p~vaionl 4et1o1enoy• theory or th-. oauae 

or bloat la backed bJ oonslderAble evidenc~ from ol1n1oal 
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40. 

trl&la, these authors haTe tniled to prove thnt the e~tot~tlon 

reflex 1taelt ia atlmulated by ooarae rou~ng~ or thnt lt la 

inh1b1te4 by the abaenoe of' auah materiAl. 'lh~lr rm~;~eatlon 

tlut.t turpentine 1'el1eves ~loa t by atlnml~atlnt~ fr•.Iot~ tlon, due 

tO l \1 irr1 tp.nt aotlon, oannot be A008'Pted. !he Adm1ni&trPt10ft 
• or tu~en~1ne haa no stimulating action on the eruotntion re-

flex, ~tt, aa lhovn by Clark (1948), the benettoial etreot ot 

this drug ia due to the breaking ot the troth by i te atlJltaoe 

tension action. 

In order to teat the •pnya1oal dena1eno711 theory, 

one ot the borl.nea vas plaoed on a rR tion oonalat1n0 solely ot 

treahly-out tops of younb lucerne. ueap1 te the oolllr,)lete &b­

aenoe of' ooarae llater1&1 in this teed there vaa no a4verae 

etteot on the etf1c1enay ot eructation; The traolnc ahovn 

in n.g. 4 wae !lade atter the RniMl had. been on the purely 

auooul~nt diet tor one nonth. As will be aeen, eruotts.tion 

vaa entirely et11.aient. !'tumlnal mot111 ty &nd rumln&tion nett­

elated throut~out. By ahanoe the animal vaa actually rurn1.nat1ng 

dttr1ng the exr>erlaent recorded ln P'1.g. 4. Ref!'lrcl tAtion took 

pl&oe l!"'!lediately before a baokvard rum1nal mover.~ent, and vaa 

aooompan1e4 by a auclden aharp rlae 1n 1ntr~.un1nal. pressure 

preaum&bly caueed by the extn. contraction ot the reticttlum 

known to aooompaft1 regurg1 tatlon. At Tarloua tlaea 'he experi­

mentAl aheep were pla<Md on a diet or younf: sPeen luowne tar 

extended periods, but, apart t.rom ?Mah~~.n.lo~tl ts.otora, auoh •• 

frothing, lnterterinc lllth the ett1o1enoy ot eructation, the 

renu aeahanlem 1 taelt waa neYer tounc\ to be lnh1b1 ted. 

Durin~ the lneutnatlon exper1f11enta on aheep it hAl 

t'Pequently been found thRt the experimental M1mAla could 

ruminate normall.J, eTen tho111:7' IJhowtnc a completely lnettl-
._. 

olent mtotAt1on meohAnlem. Thia haa been rou~ on Tarloua 

oooaa1one, both when 1nett1o1enoy ot eruout1on v&a aeaoo1ated 

~.fl th the degree ot rwd.nal t111lnc, and durtnc tGtal ~1Jo1e 

ot the ruMn due to atropine. 
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41. 

Theee obeenat1one lndloate that there la no common 

st1mulue tor, or oorrelatlon between, the two tot~ly different 

acta or re~t:rel tatlon and eruotatlon. Rumination oan occur 

lndenendently of :rum1Ml or reticular contraotlone, ~_.,eree• 

eructation le entirely dependent on aotlve rumt~l nnd :reti­

oular mot111 ty. The )'.reeenoe or abaenoe of ooarae rouett&ge 

1n the l"UJMn doe a not appMr to atteot the eruota tion ren.ex 

nor apparently la 1t the at1aulua tor lta 1n1t1~t1on. 

As All'eAdJ' 8t&te4, preatrul'e b7 gaa la oonaldered by 

the preaent author to. be Vie !!lftln attmulua tr1r the et-Uotatlon 

reflex. 

It 1a a vell-knovn taot that oertR1n ldlrtdusl an1Mla 

ln a herd lllaJ' bloat repeAtedly, vhllet others, kept under 

s11111ar oondl tlons, are leas atteotecl. In sn outbre,._k ot 

bloat on lucerne paature, one rru-el7 n.nda all th~.t anlma.ls bloa­

t""<l. 'lhia 1ndlvidual d.ltterenoe ln auaoeptlb111 ty has been 

obaerTed bJ Oole, Mead ana Regan (1M3) 111nd Olark (1950). lna'PP 

Baker and Ph11Upa (l!M3) have deacrlbed VA.rlatlone ln the oo­

currenoe of bloat 1n the steer -pro~·~ ot beet bulla, ,..nn m~­
geat that these VRrlatlona are due to A difference ln the leTel 

ot nenoua reaotlon among•t the different animAls. They have 

found a algn1tloAnt d11"1'erenoe ln the number ot ateera showing 

aoeaRlVe bloat between the progeJV ot vartoua 'b\llla an4 &180 

a h1ghl.1' a1gn1t1oAnt difterenoe between pro~eJ'Q' groupe. 

Mead, Oole and necnn ( 1944) auc;ceated that lnd1 Y1.d111ll 

ditteren:oee are due to a ohAnge ln rumen aot1 Y1 ty brout.;ht 

about by teedlng oonoentratea. 

Durln~ the aerie• ot .xpertaenta on the eruotatton 

ret1ez1 the eight llheep uaecl ae ~erlmental anll!lale shoved 

aarked d1tterenoee in their ablll t7 to eruotate. 3om~ Bheep 

oonelatently showed lov-grRde eft1o1enoy whlle other were very 

efnolent throu:_;hout. A th1rt. group could be olaae1t1ecl ae 
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aedl•. (zsee .A.ppend1x IIB). !h11 1nd1 Yt.dul Yar1at1on can 

be ut1at'aotor1ly explained by asoUIId.nt:; a 41trerenoe 1n the 

leYel of ftftl't'oua reaot1on ot eaoh an1aal. Aa th" ~t1JIIU.l.tta 

tor eruotatlon appears to be pa preaaure, &ft1 given pr"eaure 

would Vnta produoe a Y~ed renponae 1n aruetatlon aontraot1on~ 

dependinc on ~e thr.,llhol4 or nenou t-eA.oUGn. 'l'he•• varia­

tiona wo•tld a\ao &PP11 to the effeoti vn opening ot the oerdla 

b7 ~· contraction of the p111AI"a ot the r.lno-ret1crul.ld" 

told 1n ~nJuot~on v1 ttl the eruoM.Uon oonQ-aot1on. !he 

ett1c1er.oy of erttokt1on 1s al.so depenctent on reticular 

aot1'Y1ty tc clear the oard1a, ao ~' any Yariatlon 1n 

etreottve re\loular -ot1Y1ty oould alaG ~ooount tor 1nd1v1dual 

d1tfer•noea 1n sueoe·~t1b111 tJ. 

The a1gn1t1cance ot Penex aal1Yat1on 1n relation to 

rroth torwtt1on anr.i &oute bloat 1n rua11n.nta vtll be dealt v1 tt. 

later. It ¥111 be .W.own that retl.ex aal1n.t1on ,vh1oh la eHJIQ• 

lated by ooarae material 1n ~· r•en, obrta\ee l?oth tort~~~.4;1oJt 

and blot 't. 'the R!IOUftt ot aalln eecn-eten , there tore also d.­

pend• on the degr•e ot nerYoua reaoUon 3t 1nd1 'fidual an1RA1a 

and 1a 'ln laporta!'lt t'ftotor to1e1iher W1 tlt the ra'• ot teedlng 

and teedt.ng habt t• ln ceneral, ln 4ete:ra1nln~ 1nd1 't1.4UA1 111lll­

oept1b111.ty to bloat. 

As the Vhol6 eructation reflex and 1ta et'r1c1ent 

tunct1on1ng dependa on innAte n.rYoua and mueoular reaotlona, 

1 t 1e prolM.ble that cleteota 1n \he aeah,..n1am oan be hered1'-PJ. 

'l'he work ot lnapp and hie aeooola tea, qt·.otecl aboYe, 1e ni•lenoe 

ot the trt.tth ot thia aaaert1on. EV1denoe ot a hared1 tary ten­

dency to :lloat hAs alflo been report«~. ln thla oount17, parti­

cularly ar10ngat a oertldn pedJ.p-ee J't"t eclnnd herd. (McFarlane 

per8onal oommun1oat1on). &Jee also Append1x I.l llo. 7 and IIIA). 

ror ob'Yloue reaaon1, ~ovevir_ 4eta11a ot the breedln~ recorda 

could not be obta1n£ci tor publloat1on. A~ute bloat 1a ••~•17 

an expr•aa1on ot th~ tact th3t the cruotftt1on ability of the 

1nd1 rtdval animal ha.a td.le4 under the pa•eva1l1ng olrouraatanoe• 
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43. 

\fhlle we mu•t oontlmte om- endeavour to ellmiftAte the taoto:ra 

Which render eructation 110re d1tftoult, a nat\lrU corollary 

ls to breed cattle W1 th 1nnatel.7 etn.olent retlexee. 
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44. 

II. ,,c1~1S a~F'el,~lN(} :me~ smaa~l oz 
l1fE !RUt;tfATlON pFLE.X. 

A· :«CXANl cAL. 

(1) gbptnagtiw} gt tti' Oei&PMCAP• 

Aa the mo.in ave~1ue ot eao.'\ptt ot gas ~011 -.e ruaen 11 

T1A the oeaophaeua, any obetl"..aotion ot 'th11 Ol"fiiUl "11.11 nanr.l­

l.y 1nte:-fere aeohan1cnl]J' •ft th the eruotat1on ot tree pa. 

OUtbrea...'te ot aoute ?lon t DIAJ roll ow the ffted.ing or ohoppe4 

tubers, euOh. •• "•t• and pot.'\ toea. ( Oole et Al,) (1946). 

The u1UA1 a1,ea at ~1oh ouoh tu~B beaoae lodL~ 1n the 

oeaopha.:taa :~re th_. ""~.noe to the thor11n1o aart ty P..nd at 

the point where the oeeoph&su11 paases throuef\ th~ <'!1Aphrag~a. 

Apart f!-oa the t!tct that enl.Jlrgtd med1~tat1na.l lymphatic glan4a 

oan aaun~ chron1o bloat by compreas1on nr the o~aophagu1, 

al1gb\ enlargement of theae &1&n41 vould t'&Your obstruction bJ' 

tubera. 

Aa euah oond.i tiona a.rt well-known and haYe no dlreo' 

et"reot on the rene &I auch, ~el' do not require afl1 tur'ther 

41eouaa1on. 

t2l C'e\h1n' at num' ,.1 Inguk· 
Weat•r (l93l>J d1't1ded blon.t into twc- typee. In the 

ODe trefll> gae 18 pt-enen~ 1n the ~"''Hl I~C Of the I"UIIeft VheJ"e&8 

1n the other the gaa 1a en1ira_ppe4 throufj\out the ingesta •• a 

troth, thua preY•11ting eruotntton. In 194~ Qtin dieonaeed \fahe 

queat1on ot" frothing anct auggee'ed aapon1na 1n the plant aa a 

oauae. Olark (1948, 19&0) ouGsested the nae ot surtaoe 'ene1or 

agent• 1n orcleJ" ~0 &ee 1tbe gae. ~n. Allat1n o.nd aatol1tt" 

(1949) 4esor1bed eueoeeatul ol1n1oal trial• w1 th euoh pr.epara­

t1one. 

!h• tormaUon ot ~th in 'Ulia ~ ot bloat lntsrteNa 

meehen1GP.lly with both the erue\at1on and the abeorpt1on ot 

gaa. Erao,Rtlon 11 1ntertered ttl th 1n the aue manner a1 

oYert1111ng ot the l"'Ulen, "Which will be 4eaor1'bed later. 

~5/ ••• 
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.u. 

a, addins an &nt1-tl-o~ng aaent to a ae&alWM 

a110unt ot tl'oth7 ingeata, the depee of aotual tJtoth1ng oan be 

4e,erlllne4. It waa found tha' frothing oan lnoreaae the total 

volume ot the rualnal oontenta b7 &ft7th1ng up to 100~. !he 

r1alng-up ot 'the 1ngeata ln the tON of a froth not onl7 

lnor••••• the 4latanoe between the tree gaa aftd the oardia 

Wh1oh progreaalYelJ enowabva eruotatlon, bu' alao 41Dd.nlahea 

the aamant ot tree sa• Whloh oan be elllllnated through ab­

aorptlon. 

the baale oauae ot .tPothJ bloat vhloh la related. to 

reflex aallYa"-on, ia dealt vi~ ln aeot1on III. 

(3) The 418£01 gf AlliQB gt tht Ruaep 1M iA''YJ:I• 

Aa alrea4J deaor1be4, the tundaaental requ1alte for 

euotatlon 1a the IIOY•ent of ttt. t.Pee pa foi'VaHa and down­

ward• to the oardia. !hla la aeooapllahed b,r bo~ the fOPVar4 

vaYe ot oontrao,lon ot the ruaen and the relaxa,1cm of the 

J'eU.oulwa. Aa the aaount of fi1ll4 }Jl'eaent ln the ruaen Vlll 

4e,erm1ne the dla'-nee lM•een the fPH gaa and the O&J'dla, 

the degree ot ft.ll1ng will obvloualJ plq an l11p0rtant :role ln 

eructation. Elevation of the tore- or hindquarters also ln­

nuenoea ~· relatlYe poalt1ona ot the tree ca• and the oa.rdla 

•• demonatrated ln n.g. 7. 

Al~oush Qdn (~) oould not 4emonetra.te aJ11 etteo' 

on 'h• eruotAtlon ot utit1olal17 lnVOduoed sa• b7' · t111ln~I the 

rumen and elnfltlng the hindquarters, Dov.gherty (1940) haa 

ahovn that by paplng va'er 1nto the ruaen and eleYatlng the 

hindquarter• ot the an1aal ao that the fiuld l"el ie well 

above the oar41a, beloh1ng of 1ntroeluoe4 a1r 1a m&J-kedly lnter­

ferecl V1 th. 

!he tollovinl releTant apelafl!n,, ot 'lhiah ti'Aolnga 

a.Jte pzaeaen'ecl 1n P11. 8, vaa oonduo,ed.. Alr vaa lnu-oduoed •' 

the n•e ot one 11 ve per three ld.nu•e• tn•o one ot the experl­

aenbl aheep, three houra atter teec!lnc on a ration of eoo graaa 

ot lucerne ha7 and graaa ha7 ad llb. Vi~ aYallable water. 

fie/ ••• 
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The Effed- of Volume cf Ingesia on Eruc~aHon Efficiency 1n 
ihe Bovine. 

Normal Eruc~ation. (2-1 l(hyfhm) 

Increased Efficiency (1-1 l<hyihm) after rernoval of 
8 litre.s ingesta. 
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46. 

The rumen vaa regarded as noraallJ full at ~e a tart ot ~· 

experlaent. 

A reoor41ng ot noraal eft1olen' eructation waa ob-

t&lned and 1a ahown in ~· top V'aolng. !'Wo Uvea of water 

were then &deled 'o the rumen, the etteot ot Vhloh. 11 shown 

ln the aeoond traolng. &ruotatlon ett1o1en07 vaa 1ntertere4 

v1~ aa oan be aeen troa the rlae 1n preeaure and protracted 

reoovery after alr lnauttlatlon waa atoppe4. !he efteot ot 

28° elevation of the torequartera 1a shown ln the th1J'Cl tra­

cing. It 1a evident ~aLt, in api te of an unsltered degree ot 

rumen t1111ng, eructation etfloienoy vaa marke41J laproTed. 

'!'he 1n1 tial rwainal pressure, though sllghtly higher aa a 

reaul t ot elevation, vaa not lnoreaaed by alr 1nautn.at1on. 

!he drop ln lntrarwalnal preasure oo1nc1d1ng V1 ~ eruotat1on 

oontractlona 1a well 1lluatra,e4. !he bottoa tracing ahowa 

the etteot ot aa0 ele'f'atlon ot the h1n4quartere. Eruotation 

ett1 o1 enoy vaa markedl7 r..S.uoM ooapared v1 til Vhen the an1Jial 

vas standing on ~• lnel. 

The et:reot ot the depee ot t1111ng ot the rt111en on 

eructation and I'Uil1naUon was clearly ahovn by \he tollovlng 

obaervat1ona. on a pal'tioul.&l' oooaa1on one ot the experlaen­

kl sheep ahoved oo~~plete 1ft&b1U t;y •o eruo'-. te 1nt:ro4uoe4 

air deap1 te the preaenoe ot noraal. MDd.nal 110Ull ty. During 

th1a period the an111l&l vaa rUJI1naUng regularly. At\er re­

aoTal ot three 11 vea ot 1ngeata trom the rumen, rUII1nat1on 

oeaaed but crttotation waa round to be entirely etf1o1ent. 

Replao•ent or the 1ngea'-. oauaed re8UIIpt1on ot JIWiination 

Vhile 1nett1o1en' eructation reappeared. 

81m1l.ar reaul ta were obh.lnecl troa one ot the bortnea 

aa 111uatra'te4 1n rts. 9. 

In new ot·the taot that the 4egree ot t1111ng ot the 

ruaen ha4 been ahown to plq auoh. an 1IIPOI',an't part in the et­

n.oienoJ ot eruo,at1on, 1 t vaa cleo14ed to 1nveat1pte the in­

tluenee ot water and too4 intake on ~· pathogeneala ot bloat. 
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The Effect of Volume cf Inges±a on Eructation Efficiency 
in ilie Bovine . 

Decreased Efficiency after introduction of 12lif-res water. 

failure of E'ruciafion after i.n±rodudion of furl her 8 n•~ of wa~ 
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4'1. 

In one trial all alx exper1•enta.l aheep were de­

pr1Yecl ot water" tor ~ houra but g1 Yen luoerne ha7 ad llb. 

up tc the time ot rttoorcling. !he eruobtion ettlolen07 ot 

eaoh an1wal vaa then determ1ne4 after tlhl oh both water and 

tood were made available tor a perl04 ot two houra, the 

oonauaptlon belng reoord.ed.. !he ab111 'J of the anlllala to 

eruo'\ate 1nt.roduoed. air vaa then again 'teated. !he ett1o1eno;r 

ot the rena vaa found to haYe cleoreaeed in all ai:x oaaea 

and the degree ot decsreaae waa proportionAl to the oomb1ne4 

toOd and va ter 1 ntalte. (see Appendix 20) • 

Theee resulta lnd.loate that the tlae ot watering 

lllgh' plAJ' an important rile in the pa'hogeneala ot apon­

taneoue bloat. In aeYeral vlale groupe ot n~ eattle 

an4 etuurp were 4epJI'lved ot water tor 24 h.oura. Halt ot the 

anl•l• were then otfered wa'eJ- 14 llb. before the whole 

croup were tu•ned. out onto luoerne P&atm-e. !he lnoldenee 

and •••ertty ot bloat vas oona1derably higher aaongat the 

watered gr'Oupe than aaong•t the oontrole. ( aee Appendix 

2U ancl E). 

Watering l...Uately before paat1.1ring aq there­

tore render the an1ule more auMeptlble to bloat. eepe­

o1al]J 1t va•er haa not Hen aYallable tor ••e t1ae pre­

nouely. lfh.e vell-knovn. aeaoo1at1on 'between rap14 greedy 

feeding and b.oYen JIQ' alao, 1n Mft7 oaaea, be attributable 

to OTerloa41ng, although a• pointed out by 'Mead tt al (1944) 

the 1nc14enoe ot bloat oannot alvaye be oorrelate4 Yl th the 

oonaumptlon ot teel. 

B. ·r·ttE IJXRi'f or A'dAWtil~· 

Olark and t.o.barel (1951) shoved tha' ti\e adlld.nlatPa­

tlon ot alkal1, whether 4oaed into the r.eft or 1nJeote4 

1ntraYenoual.7, oauaed J-Ualnal s-ralyais. thle etteot vae 

shown to be ot oentral origin and preaUMbly 4ue ~ alkaloele. 

Oonaequently 1 t vaa de01d.tld to investigate Vie etreot ot alka­

loe1a on the eruotAt1on reflex. 
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•• 
B7 g1 rtns graded do••• ot 110cl1ua oarbona'• peP 

rwd.nal tla~la lt waa toun4 14'\A.t 11he ~ t1J)ea ot rwail\al 

••eaente were not equall.J atteotect. (lee Appendix 2P and G). 

'!'he baakward aoYing oontra.o\1on was reduoed ln etrenrVt nrat 

and oould nen be entirely 1nhlb1 ted, while 14'\e eruokt1on 

oontraoUon at111 perala'e4 at U.Oat nol'11&1 evength. Un4CP 

auoh oon41 t1ona, hovner, the anlala were fcnmd to be pa.rtl­

oularlr auaoeptible to oTerfilUng, probablJ 4ue to paralraia 

ot the reticulua. ben When the eruo\fttion oontraotiona vert 

completely 1nh1b1 ted by l&l'Se do1e1, ihey tended ~ reappeal' 

When ~• 1ntra-l'UIIlnal preaaure waa ra.leed b7 alr lnautn.atlon. 

In thelr work, Ol.ark and Loabtu-4 ahowe4 that aner 

doalng alkall, rUJilnal paralyall pera1atecl tor aneral houra 

aner the pH ot the rwd.nal lng••'- had returned to nol'll&l. 

Thq poatulated that ~~ val due to a oont1nue4 upaet in the · 

acld-'baae ra'U.o ot the bloo4. Slallarl7 1 t vaa tound that the 

deareaaed eftloienor ot eructation P«rllated deaplte a reooTe­

ry ot the ptl of the lnpata. In order to prne that thia vaa 

due to a rea14ual alialoala, tl\e 00rooabln1ng power of the 

blood vaa tolloved throughout the uperlaent. (lee Appendlx 

II•). AI ahoWn 1n the srapll (Pls. 10) the aTerap eruotatlon 

ett1o1enoy ot. the a1X aheep (aa rate4 on an arbitrary aoale) 

ehoved a remarkable lnYU'Ie ooXTelatlon to the aYeraae 00~ 

o011blnlns pever ot ~e blood. It wtll be noted that theae 

~o taotore took 72 hour• •o return \o nor.al, although the 

reaotlon of itle ruaen vaa again ao14 w1 thln z• hour a. Proba­

bl.J ovlng to the n•eroua other tao~n atteotln~ eruotatlon, 

the lnTerae relat1oftah1p between eruotatlon eft1o1enoy and the 

alkall reau-Te of the blood 1n the oaae ot 1nd1T14ual sheep 

vaa ftot alV&JI exao,. the •raolnsa 1n nsa. 11 and 12 are 

glYen ae 1lluatrat1ona ot the efteo'• ot alkaloala on ~eep 

and oattle reapeot1ve1J. 

a. w W'ats Ql AIIVPII"AL YfOOTQMJ. 
A8 tar baok •• 1883 Jnlenb•ger (olted b7 Oole et tJ, 

49/ ••• 
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The Effect c£ Artificial ~nitY on tJve £ructaticn ffi'icienqy. 
In 8heep. 

Before dosir11:3: p.H. 6·8. Raring 5 

30 mins. efter> do&if!'3 ~:5 qm. Sod. carb. Rumen p.H. 78. J?ahn.:~O. 
COmplete !rumen paralysiS 

24 hours after> dosing : p.H. 6 8 Rahnq l . 
Complete Rumen paralysiS 

48 hours after dosinq : p. H. 7-0. Rating l . 
Rumen movements small but T'e3ular . 

72 hours after dosinq : pH. 6 8. Raring 5 . 
Rumen motility normal. 

Tune in minutes 

0,5.10. • Prelleure in em. waier'. 
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~ 

The Effect- or Artificial Alkalinity on the Eructation Effrciensr: 
In ihe Bovine. 

Normal Eructation on mixed diet-. 

Interference .:aith eructation caused by dosing 150gm. Sod.carb.. Rumen p.H.6·9. 
0. 5, 10. • Pressure in em. water. 
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48. 

(194&)) 4emona'h'a'e4 that ohronlo t111P&R7 could be produeed 

by aeotlon ot both Y&BUI nerTee 1n the region ot the neok. 

It 11 nov well-known that the TaP are the 11o'tor nerve• to 

the en't1re aUaentiU'T vao't. Mangol4 an4 lle1n (1927) atud1e4 

the erteo'• ot len- an4 r1gh'-a14ed. al»dollinal Yat,?"OtoJB7 on the 

behanour ot ~e :Ml111nant tor•••o•oha. 'lheJ ahoved that the 

outtlng ot both theae bft.nohea at the lnel of the oar41a 

abol1ehe4 eruotA'tlon. Bloat vaa, hovner, nner enooun,et-ed. 

where only one ot the bl'anohel vaa cut, oWing probably to the 

laok or apeo1t1o1 ty 1n the d1atr1but1on of theae nervea, or 

to the tJPe ot tee4 on which the an1u.la were ted. Aooordlng 

\o \bee• author a the lett doraal bnn ch or the Tague 1nner­

vatea ma1aly the ruaen but alao aenda a t .. n.wea to the 

ret1oulua. ftle rlght ••nval branoh 11Ainlr eupp11ea the 

ret1oulua, aa.eWI and abollaaUII, w1 til a tfiW t1brea to the 

ruaen. Oroaaover t1bree oonneot theee tvo nervea proximal 

to the cardia. 

Hofiu.Rd (lg40) oont1re.t the work or Mangold and 

lle1n, and ahoved ~at pylor1o atenoa1e V1 th abo11aaal d1a­

tene1on reaul"eci troa dallage to the right Yentral bftnah 

ot the vague and other oolla'teral t1bree eupp1J1nc thle area. 

He turther llh.oved Vlat \hi a oond1 t1on oan arlee aponuneoua]J 

ae a reaul' ot 'Rauaa~ie ret1oullt1e and perlkn1tls lmolv.tns 

4•••s• \o theae nerYea. 

In order to at't.ldJ the etteo' ot aeo\1on of the abcloll1-

nal branohta ot the ftgqe nerYe on the eructation rena, wo 

adult goata v1 th peraanen' rUid.nal t1atulae were ueecl. In 

goat Ro. 1 the rlght ven,ral branoh ot the vague vaa out a' 

~• level ot the oaJ"CU.a, approX1M,el7 one 1noh ot the nerYe 

belftg r8110Ye4. In the ••• ot goat Ito. a a e11111ar operAtion 

vas pertone4 on 'Ule len dorhl branoh. 1\eooN.lnga of the 

eruotat1on ot art1fto1all.J 1ntrocluee4 a1r ha4 been ... de prior 

to Yagow., and both an1 .. 1a ha4 been tound to be nor~~al ln 

all reepeote. 81m1lar obeerYat1ona were aa4e period1oal17 

trom. two day a after the opera t1on. !he anl11&11 were te4 
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60. 

on lucerne hAJ a4 l1b and thelr food And water oonaaapt1on. 

together w1 th the amount or r,.,eoea paae48d. •er• detfJrmln.ed 

da.11y. ( a.,e A:ppendix 2.1) .. The tollovl ng are the main ooaer­

T&t1ons on th~ two n.n1Mle oYer a period nt one aonth. 

Goat No. l (r1gh' Ten'tl-~~tl b!t~~tnoh JlleYel'tiU) • For the 

t1rat e1ght uya an•r the op~auon ooth typea ot rum1nlll 

eontrae~lone vere tmmd. to be alaoat donbl.ed 1n strength. 

Norm~tl l'U'Iinatlon w~a obeel"Yeci on \he e1gtl'th poat-o.,er .... t1Te 

dA7• Pl:'O:'I tJ\11!1 tl!lf:' OnwuCA it waa not1ceC1 tJ\At the bi'.CltwaN 

moT1ng oontraot1ona deoreaeea progreaa1Yely 1n etreng1h and 

r1lte, while the ertH.,,ttt1on tlontl'ttctlons remdned exeentlon­

ally etrong thl"t)n£!hout. The alfdnutlon 1n the •vength ot the 

baokvllPCl aon'h"ROtlona oan be aaor1b.cl to &bol!ulaal <'.1 atentlon 

(vide tnfl"a). 

On the ntnth dAy ~· ania~tl ehovea ol1n1oPt1 bloat, ~e 

ru1!'11nlll 1"1\geata. waH ~thJ b1r~ a oertl!"',ln ~unt or tree gll\8 

eaoaped on openln~; ~~ natu"t't. On the 12th to 22nd 4a,y the 

aniMal Mowed. cont1no,1., bloat, the rumen ?einr: tilled W1. th a 

frothy allay .. a. ot 1ngeata ot a light oolour, ln ap1te nt 

the food r)OntJ18t1n~ Of good t1'1811 ty lttOe!"ne hAy. 'l'h1a d1flt­

appe&rllft"4 ot ohlol'ophyl VAll an 1nd1oa.tion ot the l'!ngth of 

t1ae the 1ngeata h44 :Nmained in the rumen. 

?ood and watet• oonau:rptlon V~ts Vfl!l'Y lOtt and t!l-o-,p~ 

prog~-eaal. vely during the IIOFlth to allloat nil. 'l'h~ ruaount 

ot taeotla passed. vaa likewise ll1n1~~ttl, be1ntj 1?equent17 leea 

than ten ~nma per dRy tow~d• the end of th• ~ertod. Eruo­

tAtlon etrtoiency, att deterrtlnet! by alr 1natttnatlon, vu 

markedlr recluoed to th~ ~th de~y atter "fhl oh a prog:reaa1 Te 

1mprove~ent vas notioP-4. From tne 22n4 a,~ eruotat1on ~• 

noriiAl but ooul4 be markedly red.uoecl by the adtU. tion ot two 

11 tree of we.ter tc: th,.. rt01er.. ,'he 1aproYeaent in eruaktlon 

eft1c1er.oJ va• probablJ 4ue to P- gradual re4uot1on ln the 

volum~ of rualnal oontenta. 

51/ ••• 
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61. 

operation. -the %'tilleD vaa tound to be rels.t1Yely •P'tJ' oon-
• 

ta1n1ng a total or three 11 trea water~, straw-coloured lngeata. 

!he a"-•1Ul wtt a enol'IIOua]¥ d1atend.ed. and oocupl ed the •Jor 

portion ot 1ib.e abd0111nal oaYl t7, •• W!own ln the photogra:ph 

rep!"'d.uoecl 1n nc. 13. 

'!he abolloul oontenta velghed. a1x ltllogra~~a and oon­

talned aoa:rae parUolea :reaeabUng noraal rumln.al 1ngeata. 

the 1nteaUnea were praot1oal17 ewapt7 and d1aten4e4 w1 Vl gaa. 

aeot1on ot Ute right ventral branah of tile Tagua, 

therefore, did not atteot 'the forward. oontre.ot1on ot the :rwaen, 

nor aruotat1on, proT14ed the raaen waa relat1ve17 empty. 

The paral.J'al• or the :reUoulwa. however, rendered the animal 

parU.aularl7 auaoept1ble to oTer-t1111ng. Thle 1a turther 

ertctenoe of the role or the retloulua 1n olMrlng the OA1"41a 

to"l" ~· t.ree paaaap ot gaa .. 

!he bloat VLa t waa enooUlltere4 1n thla a&Re vaa due ~ 

t.l-o .... tor~~atlon ln 'Ule r\llen, whlah waa already part1culll"l"lJ 

auaoeptlble to oYer-ftlllng. Aa wtll be ehovn later the 

toraat1on ot troUt vae due to d1111JIIhe4 refie% ea11Tnt1on 

en aooount or outtlng the afferent 'tlblaea ot the renex ln 

the one Yague. 

Qpe\ floe », (lett doraal branoh anered.) • Both tJJM• 

ot J'UJilnal oontraotlona were urke41y reduoed 1n atrMgth 

tor the t1rat 20 da)'8. Proa theft on progaaeaa1Te reocYer,. 

took plaoe. Pood and water oon..-pt1on were pract1oally 

normal and 8POfttaneoua bloat neY.r ooour.Ped. Ru.lnatlon was 

obaerYed on 'he tveltth poat-operat1Te 4ay. 

'ftle eruotat1on ett1o1enoy was aark.U.7 red.uoed tor 

\he ftr•' 80 d.a7a, but later 1aproY.t parallel to the reoovepy 

ln \he e'tireftC'Ch ot the rumlnal con~o\lens. 

Atter 4eatruo\1on the abdoaln~l organa appeared nor­

~~al. the rumen oonblning 6} 11 tres ot lnpat#\. 
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aeot1on ot ~· lett doraal branch ot the •aau•, 
therefore, 414 not oauee ooapl••• ruld.nal paaal.Ja1• due io 

the presence or tib:rea b'OJB ithe right Yentral branch ttlreadJ 

deaor1be4. The eruo~tlon etfloienoy vaa tollft4 to oorrea­

pond vi~ the ••r•nS'h ot the rUJilnal oontJtaot1ona. The 

gradual l~Yeaent oan OnlJ be aaorlbed to the adaptation 

ot \he rwd.nal JIUaoulature to a d1a1nlehe4 nene auppl.J. 

Ren.u eallYatlon vaa apparent)¥ not llal'keclly 4lllln1ahed in 

thla oaee beoauae troUl formation Val not encountered.. 

u. un,q IJIMiijJUQN RoM m PQHURIOR piQIUIXE m&Y7· 

(1) ru Nm••um· 
Weatez" ( 1831) oona14e:rll4 the 110tiU v of the tore­

atoaaohe to be largelJ dependent on the atate ot the abo ... na. 

Oondltlone euoh ae aboMa1t1a, d1atent1en, aand iapaotlon, 

eto. were aald to oauae ren.u ru.lnal pareaia an4 tY'IIJ)an7. 

Phllllpaon (1938) ehoved oonoluaiYelJ \bat dlaten'U.on 

ot the abollaaua, either by the lnvo4uot1on of warm aaUne 

or by the 1naert1on and inflation ot a 'balloon, inbibl tel 

retloular oontraotlona and aarkellJ intluenoe4 the oharaoter 

and rhJth.a ot the rwd.nal aotlU t7. 

The etteot ot abomaaal d1stenaion on the eructation 

rene: waa atucl1e4 in the tollovlng 111uuuwt 

The exper1aental aheep V1 th both rwd.nal and aboMaal 

t1atulae vaa uaed. RUIIlnal preaaure durin£ alP lnautnatton 

vas reooJid- ln the usual ll&Mer. Abomaaal dlatention vaa 

brought about bJ the inwo4uot1on of ei tiler air or warm aallne 

by ••an• ot the apparatue depleted. ln ng. 1 &n4 c\eeorlbed. 

undeJ' 8XJ)el"1aen\al '•ohn1que. 

It vaa toun4 til&t 41atena1on ot the ab-.aa, V11ih 

e1thu t1u14 or alr, oauaed. 1nhib1Uon ot the baokvard. rwllnal 

oon,raoU.ona. rue 1nh1b1 tlon wu proportional to the 4epee 

ot dletena1on. EYen aeYere dlatenalon, hoveYe:r, 414 not inhl­

oi' 'he fol'Vard-aoY1n8 oonvaotlona of the rumen, a11ihoup 

eruotat1on vaa rendtM! 1••• etN.olent dependJ.ng on the dep" 

&~/ ••• 
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ot t1111ng or the rtllllen. Referring to Flg. 1-6, trao1ng 2, 

1 t Will be seen that the bt\okvArd oontrnot1ona were entlrelJ 

1nh1b1te4, the only mov~enta being those related to eruota­

t1on. Aa ~· rUJien "•• relatl vely emptJ, the expulelon ot 

gae waa entirely ett1o1ent. 'l'he addl tlon ot two 11 tree ot 

wa'i•r to the rumen ( ':r&olng 3), howe?er, oompletel.7 prevented 

eruo,at1on. Ar1er drnlnaae ot the abomaau• eruotatlon wae 

ett1n1ent agd.n 1n eplte ot t1111ng or the rwaen, (lee al.o 

Appendix III) • 

The•e t'1nd1nga oont1ra th4 abtnent ot Ph11Upeon 

quoted above, naa4ly th~t aboaaeal dlatena1on oauaea ret1oU­

lu paJ'&l.Ja1a. AI already ahovn reticular aotlll ty is ot 

paraaount 1arporunoe ln eruotaU.on when the rUMen la rela­

tively full. The hJper-eena1t1Tit7 ot th~ ~1aal to over­

t1111ng ot the rwaen, when the aboli&IIWI wae 41etende4, oan 

therefore, be aaor1~ to retloular paralJI11. 

'rhe noord1nae ot the abollaaal p:reaeure revealed 'that 

the 1ntroduot1on ot nen two 11 V'ea ot &1r oauaed only a 

~a1 tory r1ee 1n intra-abomasal preaaure, the organ RPP&­

rentlJ loa1ng tone to aooo•odate .ne new voluae (JI1g. 16). 

'l'he etteota ot aboaaaal d1atens1on, however, pere1ste4 tor 

\lp to lt hour a. 

When the aboaaswa had been d1etende4 1111 th aallne, 

dra1nqe vaa followed. by alaoa' immediate reooYerJ ot I'Uid.nal. 

motility. On the other h11nd, remoYttl ot the aboaaeal tlatula 

atopper ar.er air had been 1ntroduoed, 41d not at once reetore 

eruc,at1on etr1c1enay. Aa the t1atul-. vaa inserted near the 

P7lor1s , the air waa probably trapped 1n the tuftdua. 

The preaenoe ot a gAa bubble 1n the tundua ot the 

abomaaum haa been a oonetn.nt te&ture in the x-n1 obaenatlona 

ot Osepa ana. lt1gler (li26), Mqee (1932) and Ph1111paon (1939L 

.An 1noreaae ln the else ot the bubbt. vaa noted when fiu1d 

paaaed d1rectlJ 1n bulk to the aboaaiUll. at2.1fora (1928) 

ahowed. that young auooulent graaa oan paee to the abo•aura 

&4/ ••• 
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The erfecl of Abomasal Disfention ·on 8ruotahon... 
efficiency in Sheep . 

I 
fn .A d tu/r~vWl-JU-1~-~L, j I · ~~ ~jVlvlf ~-r.,~w--~rt>f 

. --~'------'"'""-'· /~ ~" I _!\ """' . . v ~ 
·-· LC __ A, - '-=--

lOp: Rumen Recording: A-B N"ormal &rud·a!ion . 
C-D Interference wifh erudahon afier iniroduchon of 

2 lit res air into abomasum af P., ·C . 

13oHom: Abomasal Recording : B-C. 21Hres ai~ in~roduced 
in+o abomasum . 

-
D 
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The Relation between Abomasal Dis+ention and Degree 
of Rumen filling on the Bruc~ahon &fficiency in sheep. 

Normal &rudahon -Abomasum not dis!ended. 
:Rumen relatively empty. 

&ruclahon aHer Abomasal Dis-1-en-Hon -
~umen. relahvely emp}y . 

Interference wi!h erudation af'+er addi+ion of 2lilres water 
to rumen. . Abomasum dis~ended . 

ng. 14. 
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aar 

:"'.!':'\e 

C'he c3ffecl of D1sten+ion of 1he Posier1or DigestiVe CTad· 
on &ruda:hon r.tt1rtctP.ncv 

:-:-ormal erudahon and rum.;n mo±rlity . Caecum not dis+ended . 
'Rumen relativel!:J empty . 

G'ffed of caecal distention Abolition of backward conlrad1on 'i:.rward 
c,:,nfrachon shll presen+ ~ailh efficient erudaf10n Rumen :relahveJy empty. 

hefficient erudalion aHer addition of 21itres water to rumen 
caecum s+ill dtsfencie.d . 

·":n:n ---~--~--~--~-~--~--~--~-~~-~ 

lnhtblfJOn of rumen confradion due +o caecal d1s:ention in the 
absence of mtrarummal pressure. 

fiG. 1§. 
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54. 

·n thin 20 JB1nuteB atter 1ngeat1on. Any dietend.on of the 

11bomru.sua, whether oauaed by gaa formation or OT~lo~tding vi th 

in~Sesta will, therefore, re11ul t 1n 1nh1bi t1on of Vie ret1oul.Uil 

Fith ooneequent impairment ot eructation. 

Gae formAtion in the aboma8Um depends on the rate or 
paasage of 1neeat~ trom the rumen to the abome.aUDt. Md alao 

the ditterenoe in pH of ruminPl and abomasal ingeat11. 1\en.ex 

1nh1bi tion or rwn1rutl aotili ty could be brought about 1n n. 

ah~ep if 100 o.o. or more ruminal ingest& ot pH 7.2 is 1n­

Jeoted into the abolllasum w1 th a pR or 2, Whel'Caa & similar 

A.mount or ingesta of the same pH as the abo11asum had no et­

feot. In v1 tro etud1ea also shoued that the gr~~tttter the 

atrrerenoe in pH between ruminnl And ~boa&aal oontenta the 

lArger the volume ot gas evolved ohemioally. ( aee Appendix 

liL). Phillipson (1062) hns aho'-.'fl that the rate ot passage 

of' rua1nn.l 1neestn to th.;, abomaaum is dependent on the physi­

cal state or the ingest~. ConcentrAte te~s will therefore 

tend to pass throuch rap1dlJ. 

(2) Th' ~~AQQ1il• 

The anilill\1 w1 th both the on.eo~l nnd rum1nal N.atulA.e 

v~a used to determine the errect of OAeoal distension on 

eructation. the method w~s as described ror the abomaaal 

exper1aenta. As shown 1n Fig. 18 the erreota ot oaeo~l d1s­

tens1on were 1dent1oal .. ,1 th those found in aboaaaal tt1aten­

tion. 

\-then l\lr vna 1ntrod11oed 1nto the oaeoum there waa no 

eaoape of gas on subsequent removal or the ·t'1f:t~t t a topper, 

althouGh the inhibition or the ret1oulum ~as at111 preaent. 

The R1r had preauaably been •oved into •the.r regions ot ~e 

1nteat1nA1 traot t.rom whenoe 1t exerted its etreot. 

stiltors (1926) reoord~ oaaea or bloat 1n which reo­

tal examination revealed sa• formation and dla~eneion or the 

inteat1n~l trnot in conJun~t1on with ruminal tympany. 
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55. 

E. %Hl;i EFYE(.i% or })ijUata INfLY~\diNr; fi(JMINAl, HOI!LIJI. 

(l) Tt&goe e•a•+ng HY7Qmtlt111tx. 

{a) gruo;+; 'c+i· 
~u1n and van der Wath (1938) Bho~ed that small dose• 

or pruaa1o ao1d caused complet~,though trBns1tory p~alys1a 

or all rttll1nal movements. In 1949 EYa.ns and EvAns reported 

ruminal parR1ys1s caused by clover Juice And claimed th~t 

prussic ao1d vas the active principle. the aeoooiation be­

tween prussic acid and bloat h~• been the subject or oons1der­

able controversy for mnny years. 

In the present series or experiments 1t was found that 

small doses ot potaas1um cyanide 1nh1b1ted the ret1oulu.m and 

backward moving contractions or the rumen. Introduced air 

oould thtte be eructated prov.ct t..'le rumen was not overt111ed. 

The posn1ble reason ~hy Clark ~nd Qn1n (194e) tailed to pro­

duce blo~t by dosing potassium cyanide and introducing air 

into the r:~.men 1 s th.qt the degree ot rur.It.nal t1111ng or their 

sheep. wh1oh were at~ed prlo~ to the experiment,. was not 

sufficient. I .. a.rger doses cnused complete inhibition or Al.l 

motility and e~tctat\on, but at this stage the animals 

exhibited hyperpnoea and other symptoms or acute prussic 

acid poisoning. Fig. 17 illustrates these reaotiona. 

It would, therefore, agpear ~~at subol1n1oal po1so­

n1ne "fi th pr-ttss!o acid could only ca,Jse blo~t.t in conjunot1on 

With oYtrt1111ng or other oompl1cat1ons. 

(b) At[pJine. 

Atro:1ine 1 s ~..-ell-kno"'f'tl to cnuse r~nal paralysis 

throu* blocking or the p&raaympathet1.o nerve endings or the 

Yagua. 

It Wft.s round thnt even small doaes ot atropine wh.ioh 

did not cause complete rum1na.l paralysis resulted 1n complete 

1nh1b1 tion ot the eructs.t1on reflex. f'his is 1llu•trated 1n 

l'1g. 18 • 

..\a many poisonous plants are kno~.m to oontdl.n atropine, 

their presence 1n the pasture or h'l7 might well result 1n out­

breaks of acute bloat. 
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The £ffecr ·of K.C.N. on &rudation &fficienc:y 
in sheep. 

Normal erudation. 

8rudahon 5 mins. a Her dosing 150 mgm.. KCN'. 

Interference wiih. erud-ahon 5 mins. after dosing another 
50 mgm . .l(CN'. (Total dosage 200 mgm .KCN". ) 
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The &ffect of Atropine on &ructation cSfficiensv 
in Sheep. 

Normal G'ructation. 

Interference with. eructation. 20 mins. after 3ubcuraneous 
injec-tion of 30 mgm. afro pine sulph. . 

Qq. 18, 
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56. 

(o) u~atwne. 

In 1942 Dougherty ohoved that the 1ntn.venons 1nJeo­

t1on or h1stam1ne anueed ruminal pnralys1s and sugceeted this 

as s. possible raotor 1n the etiology ot aoute bloat. Further­

more, large amount of h1BtRm1ne (.9 to 2.4 mams. per 100 o.o.) 

were round 1n the rum1Ml ingestA or ete"3rs that ha.d died ot 

blont. The hist~tmtne content or the rml!nal 1nceat~t VRO 

round to be increased on a h1gh protein diet. 

As .~own in rig. 19 the intrAvenous inJection of 

2 mgms. or h.istnm1ne into a sheep completely 1nh1b1 ted nll 

rum1nal movements and eruotn.t1on. 

ClRrk (unpublished report) doaed up to 250 llb"m&. 

histamine into the rumen with no etreot on rumlnal motility. 

Th1s 1otot1ld 1nd.1oate that under oertn1n cond1 tiona the histA­

minase activity of the rum1nAl contents is exoeedins17 high. 

On the other hand,the presence ot tree h1stn.m1ne in rum1nal 

1ngeeta,tound by Dough~rty,would indicate thAt this ls not 

always so. 

(d) AdrennllyQ. 

It has b~en sh~rn by Dougherty (1942) that Adrena11n 

causes marked depression both 1n atrength and .-peed or rum1nAl 

contractions 1n aattle. 

In th~ present aeries or eXperiments the intravenous 

1njeot1on ot 1 o.c. adrenRlin hydrochloride (1:1000) into 

aheep was round to oauee TArYlng degrees or depression And 

even tottt.l p&ra.lys1s ot rumino-ret1ou1Ar ~ot1v1ty, lAsting tor 

at le&st 30 minutes. Suaoept1bllity to adrenftlin appeared to 

be very vnr1able even ln the same animal. eructation wan 

1ne:tt1.c1en'C during the period of depression of rumin11l moti­

lity. This 1s lllua'CrAted 1n rig. 20. 

From this r1nd1ng 1 t would be loe1on.l to aasu.me thAt 

the. liberation ot adrena11n during exoi tement would tend to 

1nh1b1 t the eruot~tion renex and so contribute to the occur­

rence ot bloRt in conJunction with oth~r t&otorQ. !h1a wo,ad 

~7/ .•• 
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Che <Zffect of Adrenaline 
on eructation &fficiency in Sheep 

A 

B 

1formal &ruc!ahon 
A : 'Ruminal Mohlity . B ·. Reticular Motility . 

A 

B 

erud·a!ion aHer lc.c. Adrenaline hydrochloride 
(1: tooo) jnjecred in!ravenously . 

A: Rumen motility : note inefficient eruc!aHon . 
B : 'Reiicular Molility : noie -temporary inhibition and 
recovery coinciding with re~urn of eruc+ation e.ffrciency. 

nq. 20. 
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The ~ffed· of His:l-amine on cSructahon Gfficiency 
in sheep. 

Normal ~ruclaHon 

Interference with 8rudation after intravenous injedion 
of 2mgm. Histamine . 

FIG. 19, 
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5'7. 

be a parallel to the vell-eatabllshed 1nh1b1 t1on ot the 

"milk let-down retlex11 under s1m1lar cond1 t1ons and slso 

oe.used by s.drennlin. 

(2) l'llPI' QAugin·tr Iiypgr-Mt~;ttt;y. 

(a) uA£bppvlQhp11Qg gp10r1dg (Carbachol). 

The use of aa.rbaohol tor the treatment or bloAt hAs 

trequently been advooated 9 In the author's oplon this lean 

exoeed1ngly clnngeroua procedure 1t only beoflttse ot the inhi­

bition ot an ~lready embarrassed o1rculat1on. 

Duncan (1961) showed thBt onrb~holine ohlorlde 

oA.uses oomplete 1nh1bit1on of the ret1oulum apart trom in­

creased tone and trequenoy of ~~1nal contract1one. Th1e 

hAB subsequently been confirmed by the present author. The 

trao1ngs reproduced 1n Fig. 21 show the etrect ot OP.rba.ohol 

on rum1no-ret1oular motility. As oan be seen,retloular oon­

trn.at1ona are completely 1nh1bi ted. The mixing movmenta 

of the rumen (mnrked M on the trAcings) are increased 1n r&te 

but ttotua.lly reduced ln strength, Whereas the eructation 

oontraot1ono (mnrked E) remain unatteoted. 

As sho,·m 1n Fig. 22 ~en small doses or o~..rbe.ohol 

cause aptt.om ot the rum1n.P.l muaonla. ture and interterenoe 1.11. th 

eruotatlon. th1e etfeot frequently lesds to spon~neous 

hlontlng. Aoute bloat hR.a been seen to ooour in cattle tol­

lo~1ng the adm1n1etration ot onrbaohol 1n th~ dosage recom­

m~nded by the mnkers. (Clark peroonal observat1ono). The 

interference with eruota.t1on is lareely due to the 1nh1b1t1on 

or the ret1oulum A.nd the spaet1o oontrnot1ons or the Mun~n. 

Th1s results 1n abolition ot the co-ordinated mov~ents 

required for eructAtion. 

On these t,;rounda the use of onrbamylchol1ne .1n n.oute 

bloat would appea.r to bf! completely contra:-ln<11oated. 

(b) Xex:atr1nt. 

Wester (1935) reoommended the uee ot veratrine as A 

rum1nator1c and Bohmldt (1933) recommended 1t1 e use 1n c~ses 
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The f;ffecl of Carbachol on aruc-i'aiion &fficiency 
in Sheep. 

}formal grudahon. 

)"~I ~ ~· J\1 1,1., \J - ~ 

Interference with erudahon 30 mins. aHer subcut-aneous 
injection of lmgm. Carbachol. 

Spontaneous rise in intra-ruminaL p.re.ssure, and inter­
ference with eruclat.ion 40 mins. after aubcul:aneous 

i.njedion of lmgm.Carbachol. 

FIG, 22, 
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Rumen 

l<eticulum 

Rumen 

Reticulum 

THE EFFECT OF CARBAMVLCHOLINE CHLORIDE QN 
RUMINO- RETICULAR MOTILITY IN THE SHEEP • 

Normal Motility . 

5 minutes after 1 mqm. Carbachol subcut. 

Nole : .lhhiblfion of rt!!licular confrac:lione . 

Fl,Q, 21,. 
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Lne &ffect of Veratrine on &ructahcn Gffic1ency in S'heep . 

Spontaneous bloat after intravenous injechon of 10mgm Veratrine hydrochloride. 
~umen full 
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ea. 

ot over-t1111ng or the rumen, tympnn1 tes nnd tore1en body 

obstntot1on ot the oesophA~s in onttle. 

In the :prestent SfJJ"ies or experiments 1 t "al found 

thAt the intravenous 1nJeotion ot 10 mgma. Vf!l'le,tr1ne hydro­

ohlor1de into a sheep oaus'ld acute rumlnnl spasms tmd apon­

taneoua bloat. (~ee Pig. 23). Doses ot 5 mgms. resulted 

1n rt1l'l'I1Y'!r', r""l"'~t'd'!rn. nnd interterenoea W1 th eructation in spite 

of thf8 1'111.ot. tnat reticular motility was not inhibited • 

. ,, ~,, ~- ... 
l. . •• ·-~<>-· ... , 

lWl:i· 

i tselt its not afteoten by temperntur~ rshP.ngtH!J 1n the rrmt~n 

brought ttbout by the 1ntrottuotion of ioett . ..,,._ter. The renex 

""!La R.lso unatt•eoted hy thf! foroed 1ntr()duot1on of -~ "''l1Y-ture 

or P-1r plus 60;;< Carbon dioxide and 1% hyd.rogtl!n sul tide. 
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~ 
k • 

FlG.2 

THE EFFECT OF CONSISTENCY OF THE RUMlN"AL INGESTA ON GA~ l2ETENTlON 

I : Rumina! Inges+a 'thida' and 'glutinous' . Consistency Index 4'2 . 

Normal eruclation. off'ree air introduced above t-he 
ruminal mass . 

Interference with erucfation due to retention ol' air 
introduced deeply into the ruminel ma'i:S . 

1I : Ruminal Ingesta watery . Consistenqy Index 9 . 

I
I / I i I / I ' ' 

/ /' · £ I I I ,' , J , ' I ( I 

i ; ;/! / '' f Ill ; /(l J', I ,'I 4 
· f~~~ Jr, I'. / )l' 'J'I 'f'· ,1rld t~,~fli 
.. ~ .,1. . _I'_ /f ~~ II/ ( J~ ' 

I 1- -i 

Normal eructation of free air introduced above 
the rumina! mass . 

Normal eructation due to f'ree escape cf' air 
introduced deeply into the rumina! mass. 
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&9. 

III. THE ~IGNl1i'IOANOE OP REI'LEX j'jALIVA'l'ION IN 
RELATION 'lO FltO'l'H FOHMA'llON .ANiJ AOU'r~ fi!.O.~~ 

IN WDQ,MAljU. •• , _ 

The suooeaatul uee or surtaoe tena1on agents 1n the 

treRtment ot s.oute bloat, (Olttrk (1960) and Cl\dn, Austin 

and Ra'tol1t (1949)) - has oonf1rmed the importAnce ot 

;.:'l'vtllJ.Uif•~- .;..~ rUDlinal in~eatR 1n this oond1t1on, a snbJeot 

ot mw::... - ·. ·. i ,...,,,,, .. qy in the p~at. In their diaouaa1on on trotly 

hlo~t Ool8, Huttman, Kleiber, Olson ~d SohAlk (1945) do not 

appeAr to be convinced of 1 ta vnlidi ty. Vf1l'1o~lr: '-'ort~~re, 

\ 1&42), ""uin ( 194;J) u.m.t \.:lo.ri .. ( 1S48) r·n th~ othci' hand, have 

reporte4 the existence ()f frothy rw!dnttl 1n~esta 1n oa••• ot 

bloat on gr~13n leguaea. Kiok, G3rlnuch n.ncl 'Joh~lk (19m} 

a1~ao bel1~!ve that tro~1neeo 1s the te.Gtor reopons1ble for 

bloat in oattle f_,d oorn in the fe.,.-lot. 

MoCandlish (19.'3?) t3Ui)I;O;:'ted. by v:!.con (l~>~~~~ ;:one. 

laJ.ln (1943) 1nor1m1nated saponine 1n lucerne as b~ing re­

spona1bl~ tor trothlng. It 1a dit:N.oul t, ho~f!Ver, to ex­

pln1n all the mnn1fest."tt1onc or n.oute frothy bloat on the 

banis ot the tlltpontn tht!ory, \fith the result that the ps.tho­

geneals or thio condition has r~ma1ned unaettled. 

Clnrk and We1aa (1952) have reoently denonatr~ted 

the ~xiatenoe ot a anlivnry reflex 1n1t1atad by meor~nioAl 

et1nmlat1on of the mpoous ceabrnne or ~he rore:-stot~Vrohs. 

'the a10nitioanoa ot this reflex 1n rl!l-:tttnn to ~oth for­

mation r..nd h,.(.,,t 1~ deAn.r1bed in thiR •eotion. 

MetMd: 

S1x Merino aheep w1 th permanf>~t l"'WBlnPtl fistulae were 

eaoh g1. Ten 4000 gs-"ma freshly out pe~n lucerne dally, , nd 

the folloWing data were oolleoted over the expmaentAl 

p~!r1od:- !he oona1atenoy ot the ruminAl ingestA ot eAoh 

sheep before teed1ne; th"" decr~e of bloAt ~tnd the type and 

oonsiatenoy or thP- ruminnl 1ngeata tvo hours atter teedinc. 
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80. 

The typ• or lucerne ted dA111 and ita or1g1n vae Bleo noteO. 

J\IIUJ.tsl 

I. ln§ relat1gn pttyleQ pgneit)tngx gt rne1gel \ngeat& 

.Q.nd the OQQJirfOQQI Q,f trgf.bill§U AnQ, blpe:t. 

Th~ ruminal ingestA of sheep ted exolua1vely on green 

lucerne haa a tendenoy to foAm, but the type of toam formed 

'"(tft :rouna. to be d1reo1;ly dependent on thfl! oona1e~noy or the 

1n~eata. When the rl•1n~l content VAl vat~ry, the Gas-bub~lee 

roae ~eely to the aurtaoe to form ~ layer ot unetable tree 

Aa the oonsiatency 1nore~teed there VA& a 

gre~ter tendency for the gaA-bubblee to beoom~ entranpe~. in 

the thick v1ao1d materin.l, oaue1ng the ingeRt~ to rine up 

into a frothy maao. 

!h~ data on one ot the aheep. oolleoted over a period 

of 19 dllya are tP. ven in Table 3. a1m.11ar reaul to were obtained 

from the other experimental nni•Ala. ( ~•e Ao])endlx IIM). 

A summary ot the results ta GiTen in TRble 4. !n~ de~ee ot 

bloat waa rated arbr1trP.r11y but it should be unt1on44 thAt 

1 t 1a extremely d.iffioult tn determ1n€ the exJ~ot degree ot 

bloat in shee-p Vi th f1atulae &I IJOJit! le~tk~~~ nf ~'lR 1nvar1.ably 

tA.kea plaoe.. Under normn.l •.~1roumatanoe• the d-sr~e or blo~tt 

,.,ould h.A.ve b~E>n auoh r,reAter th,qn that ttotu~t117 encountered. 

type otl 

Table ... 

The relRtion be~een oona1s,enoy or ruminal 
1neeota and. the oo~mrrenoe ot frothy bloat aa 
determined by the physical oondl tion or green 
luoerne. (uetails of one 1nd1Y1duP.l aheep). 

~ I 

'liQI£1lii~UI' '1~t:~£m ,.;g~~.,.i • A ' li = 1: ' II. ' A I : : oons1a-: • • 
t t cnna1atenoy • tenoy : TYJle of !. n£~• .-tr.. s • 
I I i-Ds& II I ~GAll I • 
: : t • I : • • 
' l : 41.6 • 7.::! ' • • • 

rlovero-t 2 : 31.2 I '1.5 • l • 
1ng I 3 l ~.& ' ~). ~ I w a terr w1 th • • 
at~lk.y : ... : ~.o I 7.8 : srattll Mtount or; 
amall : 6 : 36.2 • 6.0 t tree toam on • • • 
le~vea ' t:; ' II ~.:5 • top : • • • : '1 : 24.0 : ~.0 I • • • • 

1A.I 
DegPee 

ot Rloat 

111 
N11 
N11 
Nil 
Nil 
Ml 
lf11 
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51. 

ta»+e i5 ( qgnt.) 

• • •t>ype ott s 
J..JtgqrgctDayea BmtP£1 teod\ngl 4 t \ • r t I I d 1, na; 

.. 

Criap 
auoou-
lent 
pre-

bloom 
~lith 

larie 
leaves 

atallty 
eto. 

Crisp 
:.v~oou-

lent 
sto. 

: 

' 

: aons1.a-: • • • • • • 
• • cons1atcncy • tenoy styp~ ot 1ngest8: • • • 
l 1 i,ndg • tn(l.p 1 .L • 

l • : s • • • 
• ,3 • 5C.O • :33.8 ); • • • • • 
I 9 l 38.1 • 50. 0 ) :Large aJIO\m t o t: • 
• lO • 6'' r: • 39.1 ): 1nt~r!'I!1Xed te-: • • l".#ov • 
: 11 • 46.0 ' 68.0 Hn~to1oua troth. s • 
• 1.8 ' ~.o • 1&.0 ~ wa.t'!ry ·nth ~ • • • 
I ' • : foRM on top • • • 
• 13 : 70.0 • ie~O)t I • ' • 14 : 38.5 : 60.0 ):Large· amount of: • 
: 15 • 70.0 • 78.0): intermixed te-: • • 
• 16 • 60.0 • 89.0 ):nac1oue troth • • • • • 

• • • • • • 
& 17 • 715.0 • 10.0 : i&tery T.l1 th • • • • 
• • • tfree .t'oa .. •'!l on • • • • • 
: • • • top • • • 

• • • • • • 
t 18 • 66.0 : 4fi.C SLArge amount ot: • 
l lq • 38.0 • ~.o : 1ntermixf!C. te-: • • • • : :naoioul froth t • • • • : • • • • • • • 

X!blt t. 

The relation between oonsistenoy or ruMinal 
ln~eata and the ooourrenoe ot trothy blo&t 
ft& determined by the physioPl oondltlon of 
Green luoerne. (Summary or reaults). 

t t t 
l • Number : • 

Degree 
ot Bloat 

-
~ever• 
Marked 
M...rked 
Marked 

N11 

Me.rked 
MArked 
Mlt..rked 
M3rked 

N1l 

Marked 
M!IU'ke4 

Day at Type ot • Number otl ot Bheepl Avera~ oons1atenoy ot • 
Lucerne 1 ; ahe~p u1edt ahow1J16: 

• • : frothy 1 »~tore :, • • • t t bloAt :reed1ngtBlont.a:non-b oated • 
• ; • I • MD!IUIX. I lb1im ! I ... ,._ I • • I : • • I : • • • • 1 : Flow~ing: 6 

= 
0 • .fc6. 3 a • 7.3 • • 

2 :stage~ 6 : 0 • 43 • : 7.6 • • 
3 lky uith l e • 0 l 44.1 • - • ~.7 • • 
4: • small ' 0 I 0 : 00.3 ' : 8.2 • -5 l eparse s a t 0 • 3"1,4 t t 8.2 • -8 t leaves. t 5 l 0 I 3A.8 l - • 7.6 • 
7 :Old hard : " : 0 : 42 I - : 14.;5 

: 1teme 1 J 1 ' ' l pre1ent • • • I • • • • • • • • • 
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62. 

t•R~' 4 ( ggnt. ) 

------------~-~--------~------~.------··-------------------: : . • • 
• : : Number : 

D~yai Type of : Ntwber or:or D~ce~: AveraLe cono1atenoy ot 
• L ne ·-~-~p u8 en: sho~1n~·: lgs••ta • ucer oo:l-·"J "" 0 _ ... 

• ; : frothy n~~t"•n•e : t lfl:•n a'(tg t•eea 'WI 
: : ~loAt :reed1ng:3loa\edtNon-blonte4 1 

: ; ; ; : nhp§D : ih•G 
I I - • • : : : : : : 

~ : : 6 1 5 J G8 l 6:;. 9 • 9.0 
14.0 
14.8 
12.5 
16.& 
12~5 
l~.o 

g : Pre-no-: 6 : 5 : 36.6 : 92.e 
10 
ll 
12 
1;'3: 
1-' 
15 
16 

: wer1ng 1 6 : • : 50 : 6 3. 8 
: st~e, c 8 : 5 : 67,J :11?.8 
: or1ap : 6 I 4 : 67.3 : 5C.~ 
:auoou'tent: 6 l & : ~4.3 l 80,4 
: ~d th lnr-: 6 : 5 43. 5 : 56 .1 
:ge lenves: 6 : 6 : 94.6 t 9?,6 
: Old dry : 6 : 6 : 66,8 : GB,B 
: stema : : : : 
: absent. : • • • • 

: 
• • 
• • 
• • 
• • 
I • 
I • 
• • 
• • 
• • 

-
----~~----------J~--------~:--~-------~~-------L~------~·;··~----------: l : : : : 
17 

18 

:stalky 
: eto. 

: 
• • 

J, i 
: : 
: suooulP.nt: 
: etc. : 
; I 

6 

• 

3 

' : 
;, 
• • 
: 
• • 
• • 

0 I 
: 
I 
: 
z 
: 
• .. ~ 

89 

9'7.1 

I -• • 
I 
I 

: 
: 47.~·; 

: 
I • 

• • 
• • 
• I 

• • • • 
• • 
• . 

12.1 

-

These results olsarly show that whenever the rumina1 

ingeata vas thick and v1so1d, with a hi~ oonsiatenuy index 

after teedin~, frothing was marked anc:l bloat ooou.rred. 

An1msls With a watery ingesta and a low oons1stenoy index 

did not bloat. 

'l'o 1how how frothing of rum1n~tl 1ngeota, w1 th a high 

oona1stenoy index, 1ntertlrea meohnnioRlly With «ructation, 

ft1r vs.a 1ntrodu.oed ru. .. ti t'1o1ally into th.e rumen or one sheep 

by the method deaor1 bed previously. Air was 1'1rat introduced 

above the rumin~tl maaF- by. pass1nt.;;; the air 1nl~t 011ly just 

through the fistula atopper,1n order to aaoertain whether 

eructation could tR..ke nlaoe norm~tllJ. ~:h~ Ptr 1nlet vas 

~~en pushed deeply into th~ r1~nnl contents and air aeain 

1ntroducec. at the h.mf.1 rate. '!'h1H prooedure V&& tollowe4 

in the same aheep when tht-~ 1nge•ta ha(! a oons1atenoy index 

or 42 anc1 again twn hours af'ter terd1ng when the 1ngeeta vaa 

reduoe4 to a watery cons1stency Vi th an 1nd.ex of G. 

c.w ..• 
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83. 

'l'he tracings reproduced ln n.g. 24 ahot-r the r•aul\1. 

W1 th the 1ngea'tt via old &nd th1ok, traolnc; A ahova thAt t?ee 

a1r oan be eructated etf1o1ently, but when the Air ""-• bubbled ; 

through the rwainal JU.aa \here was marked lnt.rtM'enoe w1 th 
I 

'!r11otat1on ae 8hown ln trnolng B. Dougherty (1941) alao tound,' 

4ur1~trr. nne nir-1nsutrlat1on exper1aent on a oov, that 1 t took 

muoh l~as ~.lr to 1norea1e ·Che 1ntrarwa1na.l pressure when the 

&1.r Val toroed through the ru111nal maaa by an atene1on on 

the prearure plug, thAJ\ when air vas toro8d into the top part 

ot the rmdnal oav1 ty. .il.r\lutntion vaa alao rJot .. e clltf'loul t. 

'l'hla was undoubtedl;r due 'o the 1ngflata r1alnc; up lntc a 

frothy aa11. !hla hal the aame ettect aa oYer-t1111nt! '!Jt 

the l"UJlen by 1noreaa1ne th8 dlatanoe beween the tree sa• IU\4 

the oardia, thua aeohan1oally ln,ert~ng with eruot~tlon. 

On th.e other hand traoing1 JJ and 0 llhov th~~t t no sua.l, inter­

terence With eructation took place wnen air v~a bubbled through 

watery lngeata. 

II. Jarletiqp• 1,n Q9Qpiatcngy or tt•iQAl ine;eo\1, epd t;• 

l((tqS of the txne pt lup1£PI • 

Olark and we111 (1962) have recently demonstrated a 

1al1 TarJ retlu ln 8heep Plnti BQata 1nl t1ated by meohan1oal 

at111Ulat1on ot the oaPdi.ao region or the tore-at011aoho, oan11ng 

a tour-to-tlve-tol4 increase 1n salivary flow. 

It 11 n1dent trOll the datA 1n 'lablea 3 and 4 th&;t 

the ~nal 1ng•ata ot the aheep on green luoerne ahowe4 

11arked Tnr1at1o'1! btttore and atter feeding. !he ingesta 

1nvar1ably had a high conalatenoy index betore teed1ng. 

th1a may be expla1n.a by the abaer.oe ot autt1olent coarse 

materiAl ln the rumen to atlmulate a aont1nuoua reflex aall-

Y&rJ aeore\1on. 

!he oona11tenoy ot ~· rualnal 1ngea~ and the ooour­

renoe of trothy bloat at'er teedinga; vaa anown to be 1nnuen­

c*'- by ~e type ot luoerne ted. It vaa found that blo~t, oaut­

ed by trothlng ot th1at., Y1aold rmdnal 1ngeatn., ocourred 
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1mllled1a.tel.y on teed1n~ auooulent, leafy luoeme 1n the 

pre-tlo'terlng atnge of ~th. When mature at&l.k7 lucerne 

vas ted, the rnm1Ml ingesta immediately re-verted to 1t wa­

tery oons1atenoy even 1n the abaeaoe of available drinkin~ 

water, and bloat oeased to ooour. The oonoluA1on 1• Just1-

t1sd th~t the ~apld reduotion in oonalatenoy ot ~· rum1nal 

ingesta atter ~eed1ng atalky lucerne, was due to reflex et1-

m~lat1on ot a&UTary aeoret1on initiated in the tore-atouoha 

by the ph.ya1o&1 oharaoter ot the teed. It waa also noted 

that ingestion ot this type ot lucerne was alo~, Y.ith the 

result that proportionately more saliva is eeoreted per given 

weight or food. 

'f'he ooourrence of bloA.t on the auooulent lucerne ia 

ascribed to the laok or oosrse material an4 ooneequent dimi­

nished reflex salivary &eoret1on. The rapid rate of fl!ed1ng 

observed. in the oaee of th1a type ot lucerne, oontr1buted 

by oauaing a proportionately am.ller aaount of saliva to be 

secreted per glTen weight ot teed. 

The oona1atenoy of the rum1nal ingeat& therefore 

1..ncreP..el!d ~.nd, 1 f ~a-fortM. t!on Vl\11 adequate, the ingeak 

rose up into a tenAcious trothy mass. 

In order to prove further that the presence of ooArae 

11aterial 1n the ru11en 11 the IIAin atimulua for the oopioua 

aal\T~Y aeoret1on encountered, 120 gft.lla ohopped ~aaa hay 

Wfl& introduced dlrootlr thro11gh the t1atula in.to the rl.Uilen 

~f on~ Rh~~. Th~ ~nnq~~tP-n~y 1nd«r. of the ingesta before 

introduction was leo: one hour lP-t~r 1t waa reduoed to 12 

deap1 te the abaenoe of drinking water. !hia URdottdtedly 

proved that the reflex is fAr more 1m.port.:.mt in controlling 

the conaiatenoy ot the ruminal uontentL thAn rotl~•• initi­

ated by the aenee ot tP.ate, or the aot1 ot ahevint~ snd SW~t110"'-

1n~. 

Oole, Mead an4 Regan (1943) lhowed that bloat coul4 be 

preTented by feeding ooarae hAy prior to luoerne paaturine. 
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60. 

It waa therefore 4eo14ed. to detend.ne whether thla proteot1Te 

action ia due to retlex atimulat1on ot aal1TAry aeoretlon. 

The aheep were dl Tidecl into two groupa of three eAoh and 

ted auooulent green lucerne. kch an1aal 1n Group I reoel T­

ed 1n ada.!. tlon ~ grams chopped p-aaa hq well 111xe4 w1 th 

the luoerne. lfhe results are g1Ten in fable 6. 

Z&bl• Q. 

: : 
:Group 1-3 aheep ted. auooulent: Oroun ~-3 sheep ted auoou-
:luoeme plua 400 graaa ~·· t lent luoeme onl7 
I • hay ' 1114 I 
t.lYfJ'PIIge csonalatel\-t Giber of : ATerage oons1aten-s !fulls;;: o1 
toy index ot rwd.- : 8heep Bho-t oy index or rumlna1S Aheep ~!bo­
t nal ipgttk lvlng tro- : ingeeta :win~ tro-
1 ietore:2 Hra. ai'-: th.r bloat 1 setoret2 HN. &t-: thy bloat 
1 teedingl teza tee- l I teedingt ter t... I 

ijtlll I dips I I '"ns i 
I I I I l : 

1 I 86.8 1 10.6 I 111 I 74.5 I 47.5 I ~ 
2 t 31.8 1 9.0 I lft.l : 52.5 I .S. (., I :s 
3 I JO.O I 16.0 t Wll I 46.8 S 32.0 I 3 

J I I I I I 

It oan 1M aeen that bloat 414 not ooom- in thoae aheep reoe1-

T1ng graaa ba7 1n addition t~ luoerne ~nd th~t the oonaiatenoy 

1n4ex ot their ~nal ingesta waa low ooapare4 to the group 

reoe1T1n~ auooulent lucerne only. In the latur group bloat 

ooourre4 dall-7. In another eXpert•ent the al'leep were glYen 

a ohoioe ot auooulent luoerne ancl graaa hay. 'l'hla praoUoe, 

haveYer, did not pruen' bloat completely, aa the aheep d14 

not eat an7 hA7 until a oert~1n degree ot bloat had develoP4d. 

~· oona1atenoJ or 1ngea~ vaa r.tuoe4 an4 the bloat aubalded 

w1 thin an hoar or the animal taking the hAY. Aa eo on ae 41a­

tent1on ot ti\e ruaen '\ook plaGe, the aheep retused to take 

further luottl"ne and ahowecl preterenoe tar the ooazaae hay. 

Thle lnd1oatea a na1nlral ••n4!Jnoy ~ auppl7 the rou~aae re­

quired. to Jllllntaln reflex aall TA.t1on and preTent bloat. 

An example ot the aarked. ditferenoe between the twa 

typea ot luoerne taaed during the exper1sent 1a ahovn 1n Pig. 25. 
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• 

FIG .3 

ghowinq the Difference . between ±he Two Types of Lucerne 
used in ihe Experiment . 

~ 
Specimen of the ~ucculent Bloet -producing 

Lucerne . 
<specimen of' the ~aiRy Lucerne on which 

Bloat- could no!: be produced . 
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66. 

A epeot.aen ot th" hlo,..t-proYoltln:; luaerne 1a ehown 

on tht~t lett. This wsa 1n the pr~tlovt:~rlnr~ stagt!, ,-~~pro71• 

MAtely ta• hlgh sno exceptionAlly succulent and Grla~ vtth 

large, oloeely p~toked leavea. Oont~tm1nat1nr: wee<le and old 

drY atema were abaent. fl ahowa a s}J!claen or the ll.tC@rne 

on wh1oh bloat ooulcl not he produoed. This vas 1n the no­
ver1n~ atage approx1111Ately 12" to 16 11 hie"' 9.nd 1'11lky, "~'1 th 

emRll spuae leA.Yea. A tA.1r amotmt or oltl, hard, dry atP-mA 

VAl oreaent. A no,~..rorthy taot 1o that the &uooulent luoez-ne 

~ew on heAvy tertlle eo11, 1rth1oh retA.inn Molstm•e well. 

The ata.lk,y lucerne t;re"f on llght, sanely loam •ifhlch 1n well 

ru-,_.lned. Roth l111nds were irrlr~.lltecl Pe~tl~ly. 

to be QUite ObV10t18 th~t these taotora tnrlttenoe th~ gro~.rth 

or l1JOerne ,.,n(: •11reotly deteri'11.n~ 1 tn 'hlOA.t f)rOYOkln · r..oten­

t1~11 ty. 

In order to proYe th~t frothy bloAt 1n OAttlP on ~ 

non-roughAge diet ie ~taooo1At8d. "''itl'l the oons1stenoy of' t"'• 
rum.t.nal ingest~, t;he seven atA.ll-ted bovinea, "'~ntton~d b~ 

fore were used. Th*!ae n.n1!11P ls were ~11 non-prothta1r:: and 

VAr\ect 1n age& :"!tom 1& 110nths to 4 ye~tra. 

Th.-y "ers first ted a non-ro'tf,Htge (Uet on "t!ioh blo~t 

atnl'"t@d to Oorntr after t110 lll'l.YI ln AOme? Of th~ animela. The 

ani111"ls vet-e ll'!t't untll bloat '""a mnrked b~f.ore the troo"-r 

•·raa inserted to obt,1n rur.tt.n~l ln:~'!Rt,. tor examination. It 

w~A notio~1 th~t, 1n all the blo~ted ~1mnla, a oertnin 

ftt'lOIInt ot trl!~ gn.a esoA.:•ed froM th~ oanuln betor'! frothy 

t.ngeet~ atArted to exutte. 

'l'h!i! tollo•-rlnt: t•ecU.nc; regime Wlla tollo'red '-'i th the 

non-rou~j'tn.~ diett 

8 ft. m. Freshly out auooulent ..,--.en luo'!rnc ,:;,4 lib. 

3 p. •· 6 to 7 lbc. d~t1ry meal oonA1 Rt1nt~ or Ortlahed 

y~llo~ mnl1~ 651, luc~n~ menl 1~, monkeynut neal 10/, bone 

11eal ~,r, o~~tl t 1.1 nnd rat.ne!"llll ra1Xt'.ar• ~f. 
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6'1. 

Tovard.a the end or the exp~ment the '"~'een 1uc~ne 

beMme unsui t~tble ·r1 th the reeul t that the tollo~.otn:·~ oh~n~'.l 

1n th~ t~~tng re~~me M.d to be lla4et 

A a.m. ualry me~l 7 lbs. per ~nlmal. 

3 n.m. Soaked aood qu~llty leat.J luc~rne hA1 aU lly. 

JPor the roughage diet ln the oaae ot boYinea Noa. 2, 

3 and 4 the latter te~dinc reL-1.11~ wns also used ¥1 th the · 

e:xc~ptlon thrt t Ot)n.rae stalky f~P.~n lucerne or h"-J WI\& ted ln­

Rtead ot the soAked hay. In the oaae ot bovln~a ·oa. 6 And 7 

gra•a hny "faa ted '" lip throughout the day. Th~ renul t1 are 

ts1•en 1n tnble 6. 

tlOvlne No. 6 aotu~lly died ot bloat att~r teedinc the 

non-roug.ha.~ d.t.et tor a 'tfeek. Ult~e~ttive <llstnrbnnoee waa 

~v1dent on poet mortem examlnl\tlon. 

'J.'he rl!nul ts 8h0\f that ~loAt in bovines on a non­

ro'J8hage tUet 11 or the tr-othy type and is assoo1ated ...,1 th 

Vtlok, tenAoioua rum1nal ingesta ot a h1r.h oona1atenor lnd.ex. 

On a diet oontP.lnlng ade.,uate ttouctutge blo-..t doen not occruP 

!lncl the lneeAtA b4oome• waterJ. !heee re•ml te Are cotmarl\hle 

vlth those obtn\n~ ~th sheep and ann ~lao be explnlned on the 

hRI11 ot reflex aA11Y~t1on. 

The r~~tlta alRo shov. the marken 1nd1vldunl Y~rt~tlon 

ln maaceptlb111tJ to bloat aMongst the different bovtnea 1n 

the eroup. An1 ·•al No. 1 bloated ref)e&tedlJ on the non-rou;~age 

dtet uher~aB bov1n~a Mo. 2, 6 ~nd 7 fA11~d to bloat on th1e 

type ot d1et. 
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68. 

J'eblc 0. 

s l 
Type ot dlet:Bortne: Blottted • Non-J,loflted • 

' Mo. • I • 
Type o~ • : Cons11tl!noy '- : Gon•ieteneyt ,.YP~ of' • 

: :of' ru:n1n,..1 : 1nr;eat-. :or rum1n~1 : tn~:f!~b 

I • ~D~"'tt"lil & L l.NNa~a I • • I 

' : • • ' • • 
a) : l • s : • 
1:£gD;tg'.&l·;&l&.1~ ' 1 : 60.0 tTh1ok te-t - l -green luoer-: : ;!).6 : ruto1ous t • • 
ne AAd dll1ry: : &4.0 ' A.nd : • -mixture • t I f'rotl'\y : • • • 

• 3 ' se.o • • : - • -• • • 
= 4 • 66.0 • .. 

' - • • • • -: e • 39.0 : • • - ' -• • 
• ., : - • - : 1~.8 t vster-y • • 

• 
• t : I • • • 

Uniry mlxtu-s • ' : ' • 
re 11nd aor-- ' 1 : 117.0 .. .. : - • -• • 
ked lucerne : t • • • • • • 
hny : 2 ' - • - • 14.0 • ..,"t~ • • • 

I I - • I I i 

' : • I • • • 
b) : : • : : • aotlfe•s• . : l • - • - I 11.0 ' '"fltery • • 
atn . 7 green: ~ t - ' - : ~~-~ • • • 
luoerne and : 3 ' - • ... : 1!.0 • • • • dP..lry m1,..tu-t 4 I - : - • a.o • • • • re : : : : • • 

: : • : t • 
Dairy m1xtu-: 2 • • : A.O : • • • 
re and ooar-s 3 • - • - I B.~ • " • • • 
r~e luo.,.rne l • I - : : 10.0 • .. • 
hay I : • • • • 

: : : 
Grn.se hl17 6 • - • : 7.2 • • • • - • onl7 ? • - ' • J.C : • • - • 

J ; • • . , _....._.. 
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1\ has been shown that eructation 1a a oo~~plex, oo­

ordina'ed reflex lnvclrtng the rUilen, :ret1oulUII ,card1ac . 
01'1t1oe and oeeophagua. 'l'he role plqed by the twe-etom!l\oha 

la to brlng the tree gas torwa.rd and downwards to the oard1a. 

Jlro\hlng or tile 1ngea ta reduoee the a.J\lOW\t ot tree 

gsa preeent and ao lnterterea meohan1oall7 with eructation. 

In the abaenoe or tro\hlnc \he ett1o1eno7 ot eruotation at 

nzq given monaent will, therefore. be determined by the bAlance 

be"'een the •rtlo1enoy ot the rumino-reticular m.eoha.ntam, on 

the one hand, and the relative poa1t1ona ot the gas and the 

oft11'd1a, on the other. The ru.aino-retloular meohan1m haa 

been ahown to be lnf1uenoed b7 Tar1oua tao tore. '!'he relat1 ve 

poai tiona or the gas and the o&rdla depend on the degree ot 

t1111ng or V\e rwn.en and. the posture ot the an1mal, W1 th 

~othlng as Aft adnlt1ona1 oomplloatlon. The ability ot the 

animAl to clear the Olllrdla tor the tree esoape ot gas rta 

the oeaophague 1a the moat 1aportant part ot the rum1no­

ret1malar meohanla determining the e1'f1o1enoy ot eruotat1on, 

and has been •hown to be 1nfluenoed by meohani oal tao tore suoh 

•• oTer-t11Ung and t.roth1ng, ohemloal s.nd nervous ta.oton, 

!Sloat 1a, ~eretore, an exprens1on ot an adTerae 

bftlllnoe betweP.n the etf1o1enoy e,t \he eruotatton mechanism 

and the 1'aotora 11111 tAt1ng against 1 t. In other words, it 

the etf1o1enoy ot the retlex 1a kept oonstant, bloat may 

oo~1r through oYer-t1111ne or trotn1ness or a oomb1n~t1on 

ot the two. When the rtDilen 1a exoeastTely tilled, a lesser 

degree of' troih.ing w111 be required to produce bloat. Vt th 

a reflex 1apdred by an7 of these t&otore a oorreepond1ngly 

lea&er degree ot over-t1lllng or tl-oth1nees mA.Y result 1n 

bloat. It 1a, therefore, A:ppsrent that bloat oan ocour under 

vldely To.rylng oond1 tiona and 1 ta appea:ranoe Wlll more often 
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'f'CI. 

~e~~nd on a oombln&tlon or oontributln~ or sup~l~entlng oir­

Q"IJI&tn.noea thn.n on AnY sin~le t~a.otor aotlng nlon.-.:. 

A aohematlo repreeentntton of the dlrrer@nt taotora 

'""'loh 1111\J' oontrlbute tO'tards acute bloat ta c1v~n 1n 1'1G· 28. 

T'h.e e..•tpertaent~l ren,tlta ole~~rly Rho~· th'lt trothln~ or 
r•Ui11nA1 1nt;eatn 1c the 11111n oauee or bloAt ln sheep on creen 

I 

luoerne, aottn~~ 1n the aa.ate unner ae ov~r-fi111n~~ of' the 

rumen, 'by meoht!.."llcally interfering ·~'1 th eMtctfl.tlon. In tact, 

there ia onnv1nc1n;; n14enoe, not only 1n th'! 11tfi!Petnre but 

nlso in the repol'ta -rroa fArmers anct v~ter1nAr1n.ne, (See 

Appendix I) th~t moat oases ot hloat on !11"een teede Are of 

the fl-o thy type. Ool'! J!t nl ( o1 ted by Cole, 'Ruff"·•Hm 1 F:l,.ih~, 
~ 

Olson and :Jo!1alk) (19-'5), ho,.rever, olAlm that they hAve tA·~"'t~ 

a number or oowa, blonted on luo~rne Tlt\&ture, '-11 thont enoount~­

rir.g a A1nr:le on.ae 1n "'""'1 ah the frAt:! alr IIPftOe 11RC abaent. 

Takln~ th~ee observations into aoount, Col~ o5 a1 (1946) t\"d 

lt <U.tnoult to understand h~r ~th1nL·· !)Oulc'l o'"-'"• bloAt ..men 

a f!'~e a1~ ~Jaoe exiate. In th~ present author's opinion 1t 

18 m~rely n "Rtter ot clegr~e or tl-oth1nL• In MAt or the 

oaoea of frothy bloat produced durtne the exper1aent, treP. g&e 

eeol!ped tro"" the n.etulae an open1n~_:. Only 1n a f'fiV onr-;ea d14 

the 1ngeata froth to such an extent an to n.11 thj:\ ""'ol~ rtBil~n 

Rnd sxud.e from thfl! natul~te on removal or the a'tot)!)~. 

Cole, M4nd anl1 Regan ( 1943) hAve aho··m conoluo1 vely 

thnt the te~nr:: of coar11e hBJ prior to lucerne paatllr1n~ 

prevents blo~t; and the experiment• of M~ad, Cole And Reean 

(1944) nrovea thn.t the ln(')ldenoe ot hloat vaa auoh hlf~heJ' 1n 

oattle fed :~:rC)und hf:ly ""t' ~:,rAln, th11tn 1n tho-;P. ted une:t"C'Und 

h~y &nd ~1~. Theee ~~rkere attrlmJted thP proteotlve act\on 

or hay to thP1r th~ory thnt coarse MAter1~1 1s neo~~Rary to 

e11n1 t th,. ~:r,Jotnt1on r~fteY. Th~ present author hAs Ahovn 

prenoualy thAt the phys1oal etate of the z;unt.nfltl oontente 

ctoea not an-peAr to &treot the ~ruota t1on reflex directly. 

The ren"l te no·- obtdn~, olearly aho~, \hat th• proteotl ve 
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aotlon ot haY 11 due to reflex at1mul&t1on or &Allv~y 
aeOI'etlon, thus reclucln~ the oonalatenoy ot the rtaint'.l 

1ngeata Rnd obvlatln~; troth rormat1on. 

Bell and ftrltton (1939) found thAt bloAt vas a 

serious 13roblem en J)llaturea ~11. th a pure at~nd or n very ~tch 

peroen'-.ge ot olcver, '"lhertlaa 1 t otm.ae4 to be a "Problem on 

oerte.1n pnaturea oovered vl th aore than tltty p'!r cent ot 

~ttsBea. These t1nd1nt;a oan be explained on the b~~le ot 

retlex en11vat1on. A pure stand ot .ucoulent olover aoea 

not provide ade~lnte at1mnlus tor reflex an11T~~ aeoret1on, 

Vbereaa ~aasea, eapeolally the ooarae-atemmed Ynrtet1e~, 

provtc1e autt1o1ent at1mulua to prevent bloat. M17.1nc r,rae~e• 

w1 th legnmeo, thl!retore, AnpearJ.J to be 11 te~slble r.tethod ot 

preventln~ blont ~tt, •• pointed out by Ool~ •l a1 (lg45), 

the d1tf1oulty 1e to mn1ntn1n a proper bal~oe st all tl11ea. 

Perh&pa the greateat eln,·le taotor reaponc1bl..., tor th~ 

ta11ure to elucidate the pathog.,nesis ot bloA.t hns been the 

41 tf1oul ty enoountft'ed ln reproducing the M.turrtl ooncU tlon. 

Cole, Meatt and Regnn ( 1943), however, shoo;fed that oertRln 

••••nt1al oond1 tlona are neoesnary before hloP..t o.~ 'be ex­

r-,eo•ed to 000\tr. !h'!88 are br1en.:r 81l!lmA.'r1&ed 1\8 tollova:­

(1) 'fhe lucerne rah.ould. be ln an appronr1ttte etn.ge of develop­

ment, •·~~· orisp and euooulen' to nllow tor rn.r>id teedinr,. 

(2) Anlmnla ahould be depr1 Ted of' ~11 h9.1 and etrAw Md the 

lucernf! l teelt sho,tld be f'rtee ot ~aAea, weeds and old, dry 

touc;h •teme. 

(3) The luoerne aho•tltt have been provlde4 t,ri th ourr1o1Pnt 

watttr to lnduoe 7'ap1d ~owth, 

<•> Thfl gHfln-teed ah.oulct be ted as fresh A£1 possible and 

not older thM 24 hotsra. Dried altalta tope t~1led to pro­

duoe bloat. 

Theae obaerv" tiona B.re oonf1rm84 b7 th~ eX'!'ertr..ent&l 

renul tA reant't'lecl AboYe. Oontrf'.ry t,l the 1nternretf'tlon ot 

thoee authors, hovevt!r, ... m,o aaor1 he the hloat-.,rovoklng 
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oapaot ty of' th1o trp• ot luc~ttne to a ln.ok or eutnc1ent 

coarse l'ftl\tertRl to 1n1 t1.ate th~ erlJOtttt1on reflex, 1 t 1 a 

eta1nta1n'3Cl ~at the phyaice.l- oond1t1on ot the lucerne ha.a a 

direct beRrtng on the ooourrenee of bloAt throu6~ 1tA notion 

on r'efiex sR11YA.t1on. 'the rn'te ot teed1ne ot 81tocmlent lu­

oernl! app~Arl to be an important tn.otor. In aooordanee ~'1 th 

reports by oth~r ··rorkera (nt ~d, Golf!! and ~eel"r' (1944)) the 

occurrence nf bloat ooul4 not be oorrelat~ directly with 

the a.monnt ;f luc~rne consumed. In the prePent trisle 

(Appendix IIM) ln MftY aaaea or bloAt, the uount or l'toerne 

ent~n nc aot·tally letl!lfiJ thAn thttti oonaume4 b7 non-"ll.oated 

sheep. Apflr't trom 1r'ld.1 Y1d1.aal 41 rr~enoeo amoncat the ahe, J 

a d1tterenoe 1n the rate ot teed1ntr of the ~'o typee or • "~nr 

"'"•• however, not8d... The amount or auooulent luo~rne oonmmf.Ml 

I)'Yer a ;:1 ven period of t~m., WB& nruoh r~f!Pt ter than the amount 

or atnllty lucerne oYer the aa.111e t•er1od. 

Aplll't h'om (;Peen-teed, frothy hlc,tat can oo~'lr on Any 

d\et l&ok1nt; 1n routjulge. This has been prov~ by t"'~ eY.­

oer1m~nts on on ttle detailed above. The ·r~ed.\n<; or good 

qualitJ leaty luo-r'le hay, ea:oeo1a11y tr soak~ 1n vatll!r 

befor~hA.nd, oa'I8ed. trothy i>lon.t ln eev~rnl ca:~es. !'!~1e to 

the lAck ot eutt\o1t~mt roUGhag~ to atimulat,.. the SllliY~ry 

r~tlex. 11tlk, <J.erl,·m~.;tt and Bohalk (1937) reported tr,..,thy 

bloAt tn flt'ter durln thr t1n1tthinL•C)rr oer1oz~. !lloat 

stnrte4 to ooour aoon atter the amount or oonoentr~tee ln 

the rAtion uoeed.ed the aao~nt or l"'tJChn~~. Th~ Of"-~PA ot 

bloat 1n tlllttle on A non-ro~t~hage d!et, wht.oh haa been re­

:oortec1 by to1~Ni And Goes (19ae) 3Rn ~1!1o be er,)lttlneCl on the 

aarHt basi a .. 

In th~ present author•a op1n1on the pre~enoe ot 

aapon1na ln luaerne 1111 .,lAo not th• c-'uee or ~)lon.t p~r a~, 

but tilat 1 t ml!r@lJ oontr11mtes tov~rde t~~ colloli!.nl etate 

ot the lft&eat• .ft~.YO,Jrnble tor toa.m1n;;:. Uldl.y meoh~n1 o&l 

ah.Aklne or haar>lee of expressed. l'JO"ne J'tioe ov~ a period 
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73. 

ot months, 1mdM' different me,ereoloriiGAl oont\1. t1onn, shoved 

no a1t.'Tt1f1onnt Vfllr1at1ona 1n the rn11ount or t'or-tm nrod'toed 

da117• 

Jl'rothy bloat on green lef!llllell tre~mtntly ooo•.zra ln 

aeAoo1at1on '·Tlth d1reot over-r1l11np: ot the rumen. At~ 

no1nted out by 'Yfl.r1oue •.r<'rk~a, (Cole, MeRd And Regan (194:3), 

Mead., Oole llftd RegM (19.&4), Q.uln (1M2) Clark (1950), Eape 

.TaGObeon 1Utd. CAnnon (19•~), aoute blo"t 1a 0011111on anonr:st 

thooe ~tn11ftale "f\ th lArge appetl tee or grl!ed.,. teecllng hab1 te. 

It 1a ooftll"'..on ex-per1enoe that some OAses or bloat 011nnot be 

J"~!l1e'Y8d by ant1-tl'oth1ng agents onlr, bu' re~'t1re other 

mecu1'll"ea, anoh as ~!li')'YAt1on ot the tore-qunrtere or thP M1mnl, 

1n order to tao111 tate ellm1nat1on or thF:! gae. 

The tr&olnes pr~Aent~ ln rtg. 2'1 show aotnnl reoo~ 

atnc:• ot oaaee or frothy bloat ln sht3ep on g~~er·n lucerne. 

Hath l1trre 1nJeoted. 1nwarun1nA.lly ,~1 th ant1-troth1n[: agente 

immediately betore reoordin~, oare~tlly avotdlnc eacap• ot 

.r?ee gAa rta th~D t1etula. In the one oaee, break1t1~'7 ot the 

troth resulted 1n ert1o1ent eruot&t1on~ ~Jh1oh deoreas~d 1ntr~-

r•llft1nnl pre•Frure. 'rhl1 vas, theretnre, A. OP.."P- ot n:no0'1"011-

oated frothy bloAt. In the other oaae, ~ruotn.t1on r~nn1nPd 

1nef'flo1 ent deapl te the "nt1-troth1ni: agent. Rf!moVIll or 
1700 o.o. ruminal 1ngeeta improved eruotntlon et?1ol~GY on 

artlf1o1al 1.ntroduot1on of air. It proYed t_.l'\ ... t thit:~ 1fAn a 

oa•~ or f!'Othy hlottt ~omnl1o...t~d by direct over-t1l11n1-: • . 
Al thout;h direct over-t11~1n: 1 A t\~p~nden't on t~e nmount of' 

'f'P.ed oonsu.."11ed, troth torm~t1on 1• c1e~nd~nt on thfl! n~tture of 

th~ teed. 'l'h1a 13 probAbly th'! reA.aon t.rhy the occurrence or 
hlon.t aannot &l'tlfl.Y8 be oorl"elatt!td W1 th th~"' amount of food and 

water oonAt.unod. 

The O!)ourrenoe of ~othy hlo~tt does not r-l~·.'nys depend 

Bolely •:>n the t1))e or te4!cl, ~ut oontr1~a,ory r~otoro M~tY pln7 

• role. H!!tii.M"lnr. to Fl,-:. 26, 1 t oan be eeen th~t.t the 11 bet-ll­

t1on ot adren&l1n durlnc payohlo ctteturb~tnoefiJ not onlt n.ffeote 

PIA I 
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Spontaneous Bloat in fistula . Sheep red Frosted 
Green Lucerne. 

Top. Sheep N"o.6: Inabiliiy to erudate after anti-frothing 
aqent. (Rumen pH. 6-1) 

BoHom. clheep N0.3: 3pontaneous recovery after an!i­
froihlng agent. (Rumen p.H. 6·3.) 

Sheep ~ : Normal eruda±ion of arhficially introduced air 
following removal of 1700 cc. ingesta. (~umen p.H.6·1) 

~2'7. 
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the eruotnt1on 1-eflex d1reotly, but nlao dlm1n1shes reflex 

s'lll V:! tS.on, ··11th oonseq•Jent troth tormnt1on Mti further 

1nt~rt~~oe ~-11th the ern.otent el1m1nAtion or c;n~J. A 

str1'k1n~ extllrrrple ot the role thAt pnyohio d.1etttrb-'\noea on.n 

plflY 1n the J')llthogenea1a ot aoute bloAt !'lAs· been eno!',lnteJt«< .• 

Anlongat ~ pP.rt1oul~ h,.rd (St-fl! Awend\x III), of h1t1l­

produo1ng <"41'1:-y oowe, ~porActla onaos ot t'?othy hlont ooouM"ad 

dally. 1'heoe ~a.n1mR1B 1ft're :t'ed. o.nopped 11.nd wetted r;ood qnilli ty 

lucerne hny in adf11 t1on to their hlgh-produotlon rr:tt1on. 

Uurlng a oert~1n period A m~~.aa outbreak of frothy hloAt 

ooourrect mn()np;•t the h'Td, oo1nold1nr: ,.r1 th the ohAAge-over 

f!'om hl\nd to 1!h.oh1ne M1lk1ng. '!'he bloat responded to treAt­

aent "f1 th. llnt1-troth1ng sg·•nta. There wn.s no ahrtncre ln tee4 

or feeding rout1ne, ana oare~tl lnve~t15~t1on oould reveAl 

no poasi ble reaaon tor the lArze-•anll! outbrMk or bloat 

ot.t-aer th~tn th"t inert table d1aturbnnoe of th,:t R.nlmaln, ,_.h1oh 

vr.a s1nntl tMeoualy reneote<l 1n a fJharp drop 1n rd lk yl~l~. 

Althout.,"h the preoent n.uthor <loee not recard ht.otamtne 

torl!l.P.tton 1n the rwaf-!n •• ,. oof!!MOn oontr1butory tnotor 1n 

the ~atho~~enee1e or r.outfl bloat on l•C'•ea, due to the h1o­

t.~w1naee aot1v1ty of rum1n~l 1ngea~, lt 1s telt that h1atA­

m1n~ any under oertP-1n oond1t1on9 plaJ a rol~. ApArt from 

the dlreot etfeot on the eruotP.tlon retlex, htBta~ne v111 

alao tene to d1mln1eh reflex eA11vn.t1on &nd th~l!tore otvtse 

troth tormB t1 on. 

By ~~k1n~ use or the method deaorlbed by ClArk and 

·,r~tas (1952) 1 ~ h~~ta been eho~n th,.t the lntrRv,:.no,HJ 1njeot1on 

o:t' 2 agm. htetn!'dne 1n\o a goat deoreaced tJ,t0 ~eBtln'.: M11-

vary flo~ of hoth parotldo from 92 to 24 dt-opa per minute. 

Atropine has the aiU!le ef,'eot, ao th.nt the 1ngent1on of 

pol r:;ono· ' plants, .. .,1ol'l contn1n· thin pr1ne1ple, -y l".lao lead 

to frothy bloat. 

UAmage to the Ynti1 nerves may. similarly result 1n 

sporac11o oases or Acute hlont. This type ot lesion, ho•.--

7&/ ••• 
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eYer, uauallJ tends to proclttoe ohron1o bloat. Hotlund (19.a) 

has d.eacr1bed bloat 1n natural and exper1mentfl'.l osnea ot 

1nterterenoe With the nerve aypp1y to the tore-etomaoh1. 

The t.rothy bloat encountered 1n the one experimental 

soat aentioned before, reaul ted 1"1-011 out tin~ the atterent 

n~rve supplJ neoeaaary tor eructation, a1 vell a1 the atf~rent 

nbrea or the lal1vary retlex. 

A1 thouett hJ'(lrooyan1 o acid haa been proved to be 

present in clover (Zvftna and lCYana (1949)) and variou• poleo­

nous plAnt• (lteyn (1934)), 1t has not been po1sible to iaol&te 

hydrocyanic acid troll luol!rne. Steyn (psraoAA.l ooanmn1oat1on), 

however, 1'-tea that he ha8 1&olated. lArge AJIOuntl Of hydro­

cyanic aai4 t.rom lucerne under oer\ain env1ronaent~l oond1t1ona 

11nd Yan der Walt (1944) found 2 ap. hydroayAn1o acid per 100 

gram• or the t.reah plant uter1al in a oertlllin P.mple or 111-

oerne. 

Although the prenent author ha1 tailed to demonstrate 

the preaenae or h,.rtrooyan1c ao1d in the oases or trothy bloat 

produced, it 1a neYertheleae felt that hydrocyanic ao14 'M.Y 

be an 1aportant oontributory factor under oert . ..,in oontU tiona. 

A point vhioh lhoulcl receive due oonaidernt1on 1a the polaibS.-

11 t7 ot oontiUii.natton ot e;resn-teed -oaaturee or baled hfty by 

other plnnta, alre~dy ment1oned, ·~ioh oont~n oyanogenet1o 

gluooa1dee or tox1o pr1no1plea vh1oh oanee 1nh1b1 tion of :rumi­

nal mot111 ty. 

Vetting ot leeu-11 hA1 rPequently be~n M8ntione4 a1 

an et1ologloal t~otor, Although, ae pointed out by Oole ot a1 

(1941), bloAt ftlao oooura ln the abaenae of thole oon41tione. 

lepe, Jaoobeon and C!lMon (1943) b.,lleve that wettlnr.; or le­

gum•• reaulte in an inareaaed rate of ooneumpt1on ot the teed, 

and deorea•ed aa11vation. !heee tnotore haYe been ah~ to 

be i.-portant in the pathogeneall or trothy bloat. 

The relation between ra1nt~ll and bloat hal been tullJ 

d11onase<1. by Cole at a1 (194.6) ln their rertw. 

f'J/1. J 
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It 1a ev14ent that ol1JMt1c oon41t1one, ~.-rhieh tavour 

pl&nt growth, determine ita auocul~noe and therefore ita 

bloat-producing ab111ty. 

Environmental oonc~tiona, euoh aa troat or heat, ~oh 

oauae Wilting h&Te trequentl7 been •entioned ae etioloetaal 

taotora. Th• phyaioloetoal renotion of most plants to Ad­

verse conditione, euoh aa troa1i1ng or wilting, is to~ydro­

lyae atf1_rchea to augara. Aooording to Henr1o1 (19.ft9) t:roet 

ttnd drought oaHse a decrease ln ataroh valuea and an 1ncreaae 

1n sug&r Ta1uea or the aerial parte ot lucerne. Thia ooo~ 

through h~olyali and tranalooatlon ot ataroh, ~ah takea 

plrloe raplct17 at lo-w temp4Jr!ttttrea eapeo1all7 durint~ the night. 

Both ""in (1942) and MoAnnA117 (1943) touno that g&a form&t1on 

ia inoreaaed by the add1 t1on or lttgare to fermenting rwainAl 

ingea\8, and ~n (1943) showed that the ooourrenoe of bl~!tt 

can be correlated. w1 th 1noreaaed auga.r valuea ln luoerne. 

Although Mead, Cole and Regan (19~) ahoved that bloat 

can be produced under varying env1ronmental oond1t1ona, 

provided the luaerne ia in the appropriate oondi t1on And 

atage or deTelo~ent, the p:reaent author 11 ot the op1n1on 

that ennroftl'lental oond.l tiona, auah aa ~st and ttrou~t, 

oan 1noreaae the 1nc1d1enoe ot bloat by o~tus1ng an elev~t1on 

ot the eugiU" content ot the plAnts. It other et1ological 

taotora are ts.vourable, the lnoreaeed gae production, re­

sulting ~a fermentation ot these sugars, \fill aooer;tuA.te 

troth ro~&tion and the poaa1b111ty or bloat. 

77/ ••• 
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77. 

WMW· 

The eruotation reflex in Sheep and oattle, and taotora 

affecting 1 t, have been studied IIAinly by the aethod. ot toroed 

air 1neutflat1on and direct reoording of 1ntrttruminl\l pressure. 

I. %HJi NutijltL QtUYJA'l.tJlj W'thiil• 
(1) Eruotntion 1e a complex, oo-ordinatecl retlex 1nTolv1ns 

the ruaen4, rttiaulum, oardiao or1t1oa and the oeaophagua. 

It oona1ato eeaentially 1n the movement of tree gAa from the 

dorsal rumen, rorws.rd.a and downwarda to the oardie.. 

Thia 11 aooompl1shed bys-

(a) A forward w~v• ot oontt-s.at1on ot the rullinal 1111aoultt­

ture {aa d1at1not troa the usual baokward oyole of 

oontrM-ot1ons). 

(b) Opening ot the oard1ao or1t1oe whioh, it is argued, 1• 

brought about by the oontr&ot1on of t.1.e lateral And 

aedlal pillars ot the rllll1no-ret1oular told. 

( o) The clearing or the oRrd1a of tlu14 ingeota effected 

by relaxation of th~ ~et1oulua. 

The 1aportanoe of thia phase dependa on the de~ee ot 

tl111ng or the rumen. 

The I'IA.1n atimulua for er•Jot~~tt1on 1e g&a pressure in the 

poa,er1or dora&l aao ot the rumen. 

(2) Froa variation• found lllllongat the lnd1rtdual exner1-

aen1iAl ~tn1ll'lll1.t 1 t 11 ltl'gued th.at the ett1o1enoy ot the reflex 

may depend on hereditAry taotore. 

II • FAY'fUH"* N~frtli%4 Pitt 't11.t;; Et'r.L y1 rtNij~ or %H;: . EHYY+ATI pH Rifruq. 
The t~totom atreot1ni ~e reflex c11aouaaed. ares­

(1) Meoh~Ut1oal. 

(a) Obatr,tot\on ot the oesophagus. 

(b) J'roth1ne ot the 1ngeata. 

( o) The degree ot t1111ng ot the rumen and poature. 

over-tilling or the ruaen wa1 found to hinder tt-ttcta­

t1on by 1noreaa1ng the d1atance between the t'l"ee sa• 

and OArd.1ao or1t1oe. EleTA.t1on of the hind-qu~~.rtera 
__!l&j ___ . 
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(2) 

'18. 

had a a1Jd.lar etteot, w(tle eleTat1cm ot the 

tor .. quar,_.a ld.tlgated the etteota ot OTer­

n.lllng. .Anlll&la w1. th a Mft-tanct1onlng re'i­

culua were round to be psrtt.oularly ausoent1 ble 

to oTer-t1111ng. 

In 'the aliHnoe ot other tllotoroe, the ett1o1en01 ot 

eruotat1oa vaa tound w VrtrJ ln-.ereelJ v1 th the degree ot 

alltalollia •• cletft'IIS.ned by' the co.6-coab1n1ng power ot the 

blood. !h1a ••• aainl.J due to reticular paralyata. 

( ~) .Abdoat1n~tl v~gotoJI.'I'. 

Seotlon of the 1•1gttt venb'Al brAnch ot the n.eaa 

oauae4 abomasal d1atena1on And chronic t1JIP&ft7. &gRin 1M1nl7 

due to 1nhib1 tlon ot ret1ol11ftr llCt1Y1. tJ'. 3eot1on of the lett 

doraal ~oh d1a1n1ahe4 the etreng~ or rwalnal eontrA.ot1ona 

and a-uctl!\tlon et1'1oieno7 tor the tlrat three veeka v1 th sub­

sequent p.rt1al reoovery. 

(•) Retlex 1nhlbl tion troa the Posterior U1~at1 ve !raot. 

D1atena1on of e1 ~81" V\e abollaaum and eaeowa reduoed. 

the ~ot&t1on etr1o1enoy agR!n by 1nh1b1t1on ot the ret1oulua. 

(0) lfhe etf"eot of .uruga 1ntlueno1ng Rumlnal Mot111 ty. 

(a) Hypoaot111t1• 

(1) Baall doaea or pruaa1o ac14 1nh1b1ted the 

retloulWI an4 baoltward moYoent of the Maen 

v11:h conaequent 1nett1o1ency or _.,1o~'1on. 
Larser 4oaea a&uae oamplete paralya1• and 

a'boU t1on ot the retla:. 

(11) Atropine and h1stud.ne were tounct to 1nh1b1t 

the zaetla ooapletely, even before a total 

paral711a ot the rumen ••• bl"ought about. 

(b) H:rpermot111 tJ. 

(1) C&rbfUI7lohoUne 1ntel"terea 111 th eructation 

by oaua1ng paralya1e or the ret1oulu11 and 

81113.11 1noo-ord1nated ld.xt.ng aov•ents or 
the rwaen. 

'10/ ... 
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(11) Yeratr1ne alao oauaea epaat1o oontr~ct1ona ot 

the rumen and. ret1 oulua and 110 a boll shea the 

rhy\hmio contraot1ona neoe~eary tor eruct~t1on. 

III • tn:; ear ttNI t'l YAN YJ.o~ gr.: IW'l.J&X ttAJJ v At,t on I 11 l{li"MII on X!J 

tl1lltt\ tV'\lSA)"1uN i\Ny .WijU &JAt IN ttUHIIW!t~· 

(1) !'roth1ng et rumiru-.1 1ne;eet~ 1e the m~.1n cause of hloat 

in aheep on green lucerne. 

(2) It v~a teund. that the tormat1on or troth 1a dependent 

on the oon(1atenoy or the ruminal ingeata, whioh in turn ie 

influenced by reflex saliYAry aeoret1on. 

(3) Reflex ~al1v~ry eecretion 1a largely stimulated b7 

the preaenoe or ooarae 11a.ter1a1 1n the tore-etot~aoha, and the 

amount ot eallva aeoretect therefore dependa on the phyaloal 

condition or the tee4. The explanation tor the protective 

aot1on or hay 11 baaed on thla nntU.ng. 

(4) The cond111on and type or lucerne ted hae a direct 

bearing on the o~o~~•no• ot bloat. 
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(B) FAIWW· 

I I I I I I I I I I 
1 1 Spec1es 1 breed anda Type of feed 1 Irrigated ora Type oft Environmentala Effect oft Individual sus-a Type ota 

No.I Farming areaa type or animal aand conditionsa dry land 1 soil a conditions a watering 1 ceptibility anda bloat a Treatment 
I I I I t I I I feeding habits I I 
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1 I L&Uy Grey 1 

I I 
I I 
I I 

I I 
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a and young 1 
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I I 
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avery succulenta 
1 and young 1 

I I I ·1 
3 a Donkerpoort a Dairy breeds aGreen lucerne 1 
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a aand Africanders tand succulent 1 
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I 
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I 1 tluaerne matu- 1 
I a ares when in 1 
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I I I I 
I I I I 
I I I I 
I I I I 
I t I I 

I I 
5 I 
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I 
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I I 
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I 
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I I 
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aYoung and sue-a 
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1 growth a 
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• I Speciest breed and 1 Type or reed I Irrigated ora Type ota Environmental I Effect ora Individual sus-a Type ofa 
No a Farming area a type 0 M1mal a and conditional dry land I soil I oonditlons I watering 1 eept1b1lity and1 bloat I Treatment 

I • I • I I I I feeding habits 1 I 
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I • acerne 12·15·h··~"' I aoil I lent I I I I (old oil etc.) 
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yield b7 lllftny ot the cove. At the t1me ot the 11.a1 t the cove 

vere becoming uaed to the ll11k1ng uoh1ne,. mllk production waa 

returning ~ ooraftl and the 1no1denoe and. aeYeri ty or bloat waa 

deo11n1ng. 

gn tb• ,.,n lre4(Ml'''• trw. 

Hletertt Oyer a period or ten days the owner hae had 

a1x sporad1o oaaea ot bloat amongst hla dairy herd, oona1st1ng 

ot ta1rly hlgh-grade Fr1ealan4 cova, Bloat etarted to ocettr 

approximately tour 4aye after ohnnglng oYer trom Teld-graaa to 

grazing on a.n old mealle land v1 th abundant B'f'een oov-peae 

(Y1gn1a S1nens1a) between the stubble. 

rct41ng Bed;et 

(1) An1mala aleep 1n bare CA.mp. 

(2) Brought 1n At 4 a.m. 1nto stable tor mllking. 

Pedt Oreen, out oov-peaa (cut preY1oua afternoon),, 

approzl~~atelJ 10 lbs. per oow. (A.pprox1~~ateb! ton tor 50 

to 80 oova oYer 24 hour a). 

R.B. !heae oov-peaa have a large peroent~ge or green pods and 

are Yfft'J aucc11lent. !he an111Ala are nut gl Ten a 50.50 111xture 

of a proprietary concentrate and mealle-meal (3 lba. tor eaoh 

gallon of a11.k produoecl), &n4 two lbe. or chopped meal1e atalke 

and leaYea. 

(3) '!'he an1aala aJ'e let out at approx1llft.tely 6,30 a.m. 

and baYe the opportun1 ty to drink water. '!'hey are then allowed 

'\a graae on the lande, where an abundance ot green oow-pe~ts wt t! 

pods are aftllable. 'rhergrase untll noon, When they are taken 

to watfft' wh1oh 1a aYallable ln the oaM'J). Aner wa'enng they 

grase agll1R until 2 p. •· \~hen they come back to the stable rw 
the 1ame routine, oommeno1ng at 2.30 P••• 

ola•ort•t,1ppea 

( 1) !he large type ot an1aal, produolng .,Yer four gal­

lons or mlllt, vas mostly a.t'feoted. 'l'hua hea'f'Y prodnoera And 

heaTllJ ted anlmala (oYer 1~ lb1. oonoentratea). 
hJ.NlAtUt'l ~6• 
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s. 

(2) Bloat vas of the troth,- type, poaslbl7 oompUeat4 

by over-ftlllng, beoauae not all the oases responded to treat­

aent w1 th ant1-trothlng agents, and bloat ueuall.T occurred 

atter dr1nklnc a till ot water at twelve noon. Moat oaaee 

ooourred between l·&nd 2 p.a. In the oaaea ot bloat exand.net 

the rwd.nal 1ngeata waa a frothy, glutS. nons matts w1 th a. low 

fl bl'e content. 

(3) There 1a eT14enoe by the veter1nA.rl.an ln cha!"ge, 

thAt one or the bloated an1mAla ahowed peeoue dlatent1on ar 
the small and large 1nteet1nea on opening 1uect1ately at'ter 

deatil. 

<•l lPed1ng Hab1te; It vas noticed thn.t the out 

oov-peaa, ted 1n ~e e'tllble, were oonaumed greedily, eepeo1all 

by the large t7Pe ot anlmal. Approximately 10 lbe. being oon.­

au.ed ln halt-an-hour. 

Qgngl,ye1gpat 

'fhe main cause ot bloat 1n this case vas oYer-teecU.ng 

ot a dlet v1 th a lov ftbre oontent, wbloh leada to troth1neaa. 

Vlreot ov~t1111ng was a posalble oontrlbUtorJ taotor. 

(D) RfQSES gu th' Q99Pl7M9' gr Blpat aS tJle kttget!dQrp 

(OblerTatlona Mtle by Ve'ter1nar1an ln charge. 
Dr. u. Yon Backatrh). 

!he Mun1o1pal sewage Parm 1a d1v14ed into plota ot 

approx1•telJ l&O aorea eaoh, on which Italian Rye ia grcnm 

under lrrlgat1on,. !he plots are lrTlgate<l dd.l7 w1 th large 

amoun'a ot aewage water (approx1u1ely two Jd.lllon gallons 

va'er per 180 aaree per U hours; equivalent to 200 1nohea 

rtdntall annuallJ). Under these oon.di t1ons the Italian Rye, . 
whloh la Mtm-allJ prollno, gr-ova luxurlal'ltly and 1s extremely 

auooulent. The gP&slng 1a hired by various dalr.Y h.rmera 1n 

the Yi o1n1 ty • and one partl oular 1"1u-meP has had. an ere loaftea 

trom bloat. Out or a total ot 180 Gove, 4.6 d1ed over a period 

ot l-' months. 

stoMa ~e animal a are all very good quall ty hlgh-produolng 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



a. 

Eaoh animal ia ted 6-8 lba. ot concentrates an4 a 

Ub~al ·aaaunt ot dampened luoerne ha7 twloe da11y, dunng 

111l.k1ng. lo roughage 1a auppUM. Arter m11.k1ng, the Mimala 

are allowed. 1n~ a lta,l"e C8llp tor vaterlng, and then out onto 

the rt• paature lllllledia,el:r adjacent, untll the next 111lk1ng, 

wh.en the 'PJ"'Oadure 1a repeated. ObaerYa tiona 1nd1oate that the 

an1JULla do not dr1nk water 1n the call}>, but preter the sewage 

water w1 th a hlgh ohlor1de content, running ln the 1rr1p.t1on 

turrova. tteoauee the pasture waa a4Jaoent to the atablea, ther• 

waa no opportlml t7 to graze the yeld vblle ao"fing to And from 

the paature. 

QlaeRD»e• en abl o""'7enya •t UM*t 
(1) !fhe bloat vas ot the frothy tJpe and vas trM\ed 

auoo•••tu117 v1 th anU-trothlng agent a. 

(2) soae of the plot a lle on a elope Vi th Yery e11nd1 

soll. the atan4 ot rye on theae plots 1a leas lt1Xl.tr'1ant than 

on the rlaher, lon.r.q aoll on the leTel. Moat of the OAaea of 

blollt hae been obaerYed to ocaur on the latter plote ot neon­

lent 17•• 

(3) !he r1e 1• not allowed to aeed, but la out or 

graa" taegularly. Moat oaeea ot bloat occur when cattle ~se 

on a tull atand of rye. Ma.Pdly any bloat ooours 'When the rye 

1• f1rat cut ctovn, and. ~e oattle allowed to graze on the 

stubble. 

(4) It appeare that blo~tt 1R 'fOrae during the w!.nt~ 

110ntha. !b1a 1a explained by the tact that during winter the 

other graaaes and weed.a dle ott • and a praot1011llJ pure a"tltnd 

ot rre pren11a. tJttM.ng the a'W!mler months the rye PAStures 

u-e oontamlnate<t by VP.edl and grasses which 'fill prf':IYent bloat 

by virtue or their ab111ty to stimulate rettex salivation. It 

was noticed thAt the cows keep the coarse gPassea on the edgea 

ot the plota. and along the lrrig&t1on furrows, eloaely ~ped. 

(&) Envtrona~ntal ractore •~eme4 to play a role. 

The 1nc1denoe ot bloat 1noreaaed after an-ere tt-oat. 
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(6) When adT1aed to teed tetr hay before p~tatur1ng, 

the lnoldenoe or blos:t vaa markedly reduced. 

('1) Inc11T1dua.l an11Mla were obaerved to bloat repeated 

ly. 

(8) A1 thGugh other d&l!'J h.rmera 1n th.e 'f1.o1n1 ty Rleo 

used the gra.,_ng, hardly any O&aea ot bloat oaol.JJ'red a11one-t 

thelr animals. The obT1oua reAsons are the tollovingt-

(a) ~he particular herd subjected to bloat. had aoceae 

to the beat plot a vl th the 110at luxuriant stand or rye. !'he 

o~er t..u-mera ueuallJ preferred to pasture thelr Ml!Mle on 

the rye-stubble after cutting, eapeo1ally ln V1n t ttr. A tull 

stand of rye was onl1 uaect ae pasture ln summer, when there 

was adequate Yeld grastng, or oonta.m1rurt1ng coarne grasses, 

amongst the pye to supply roughage. These an111A.lfJ also had 

Yeld gra&lng &T~llable at n1ght, as well aa ample opportttnt ty 

to grase While belng lloYed to ftnd trom the pasture, oTer a 

d1&tAnOe or 3 to • miles. 

Cgnqlu•lgn•: 

'the bloat, wh1oh was ot the trothy type, vas due to 

a lack or roughage 1n the diet at the an1salo belonging to on& 

particular farmer. The other herds in the v1o1n1 ty had access 

to autf1o1ent roughage ~ preTent bloat. 
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(A) YEIERirJ t RI AijS. 

Summary of questionaires submitted to V$terinarians in the field. 

I I I I I • I 1 I 
I I I aDo 1ndividU•I I I a I 
I I I aal animal• I I I I I 

No. I Area. I Species anch Type ot abloat repea.1Type or teed and 1 Environmental I E1'fect or a Type of Bloat 1 Trea tm.en t and 
I I breed of I animal. a tedly and 1condi tion of feed a Conditiona. I watering. ausually encoun-a Prevention or 
I I aniaals. 1 I feeding I I I • tered. I Bloat. 
I I I I habits. I • I I I 

I I • I I I • • I 
1 I Calvin1a. 1 Jener, t Alrt• I Yes. I Luah, succulent I Wilting and I - I Prothy. 1 Turpentine, ra1 

I I Fr1ealan4.a I Greedy and I green-reeds, • frosting. • I ISing tore-quar-
I I I I hWtgry. • ••I• luceme a • • 1 ters 1 massage, 
I • I I I and wild clover.a • • astomach-tube and 
I I I I I Leary lucerne I I ' a trocar. Feed fir 

• I I I I hay. I I • 1brous material 
I I I I I I I I apr1or to lucerne 

• • • • I I I I aas preventative • 

• • • • • • • • • 2 I lliddelburg C.P. • Jersey, 1 K1lk1ng cowa.a - I Green lucerne • Hot, drt •••- I - aMoa tly rro tb7. • Bland oil or 
I • Friesland, 1 • I and lucerne hay. 1 ' ther. • • I Turpen tine. 
I • Af"ricancter. a I I • I t I 

I I I I I • • I I 

3 I Oudtshoorn. • Jersey. • Milking COWl t I Yea I Green-teed, I Wilting, I Atter I Frothy. I Turpentine or 
I I I eapeciall7 1 rapid I luceme. I heaYJ dew. 1 pas turing , 1 I anti-frothing 

• • I if pr.gnant. a reeding I I • cause• I I agents • 
I I I I I • t rapid bloat a I 

I • • I I I I • I 
4 I S wellendam. I Bovines I M11ldng cows. a Yea 1 Green lucerne, I warm weather • - I Frothy. t Turpentine 

I I and sheep. I I Gread7 a cloYer, wheat I wilting. I I I 
I I I I feedeH. 1barley and oats. I • I I 

I • I • I I I • 5 I Paarl. • Bovines. I M11Jd.ng cows t I - Heavy, concan• • - • Increases • Frothy. I Turpentine or 
I • I especialJ.T 1 trate teedtng. • • incidence I • anti-frothing 
I I I pregnant I • I or bloat. • I agents. 
I I • animals • I I I • I 

I I I I I I t ' I I I I I I ' 6 I some raet west. I Friesland.• Milking cows, 1 Yes. Lucerne hay and • - I - I Frothy. I Turpent1nel ele 
I I I especially 1 concentrates. I • • I vation or ore-
I • I pregnant I I I • I <tuarters, mass-

• • I animals. I • I • I age; trocar, 
I I I I I I I I it necessary. 

I I I I I I • • I 

7 I Queenstown. 1 Fr1ealands 1 M1lktng cowa,a Yes •. I Green lucerne * Hot, dry con- I - 1 Uauall7 tree I -
I a mostl7 a especially I Hered1ta17 • (dry land). ad1t1ons (wil• • agaa, but also I 
I a (predominant a pregnant 1 tendency 1 • ting). I • frothing. I 
I 1 in area). a animals. sin 3 pedigr• • I • I 

I • I I j ersef COWS I I I I I 

I I I I I I I I I 
I • I • I I I I 

8 I QUeens town. I Friesland 1 Milking cows I - I Green lucerne • warm weather • - • Frothy. • Turpentine • 
I a and Jersey.a high • I and oa.ts. I wilting. I • I 

I I I J2rQSUCI£S 1 I I I I I I 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



2. 

t • • • • I I I I 
I I I aDo 1ndirtdu-a I I I I 
I I I a al animals 1 I • I I 

No.t Area. I Species andt Type ot tbloat repea-sType of teed and • Environmental I Effect or 1 Type of Bloat 1 Treatment and 

• I breed or I animal. 1 tedl7 and acondition ot feeda Conditions. I watering. ausually encoun-a Prevention ot 
• I an1ma.la. I • reeding • I I • tered. I Bloat • 

• I I I habits. I I ' • I 

• I I I I I I I • 9 • Cedara aFrieslanda. I Kilking cows •• - a Green lucerne • Frosted and • - I l'rothT. I Turpentine • 
I • • I a and clover, very I wilted, hot, & • I 

I I I I 1 leary lucerne I windy days. I I • 
I I I I 1 hay. The best I I • • • I • I 1 type ~r non-stal-l I • • • I • • tk7 lucerne the I I I I 
I I I I 1most dangerous. • I I I 

• I I I I • I I I 
10 I Middelburg c.P. 1 Jersey, • llostl;y rail• I .. 1 Green lucerne, I Hot dry I - t Mostly trothfa Turpentine or 

I 1 Fr1ealaildt • king cows. I 1 oats and barley, I weather~ I • I bland oil and 

• I Africander. I I 1 lucerne hay. I (wilting • I I I elevation of 
I • I • • t I ' I tore-quarters • 

I • I • I I I I I 
11 I Vredendal I - I - I Yes. 1 Young succulentawilted, or wet • After I Frothy. I Turpentine or 

I Oudtshoom. I I • 1green lucerne and1With rain 01' I pasturing t I anti-frothing 
I I I I 1eloYer under ira ... dew. I danceroua.a I agents. 
I I • I 1gat1on. Bloat • I ' I 
I I I I arare on dryland • I I I 

• I I -• I lucerne in W.P. I • • I 

I I I I I I I I I 
12 I Port Elizabeth. I Frieslandl.l Milking eowa,a - I Green lucerne. I Hot weather. I .. I Frothy. I Turpentine. 

I I 1h1gh producersa I I I I I 

I • I I I • I • • 13 I Grey town. aJeraeys and I Milking cOld 1 - I Green clover. aHot dry weathera - I Frothy, I Turpentine. 
I aFrieslands. 1h1gh producersa I I arter rain I I I 
I • I I I I (wilting). 1 • • 
I I • I • I I I I 

14 I P1etermar1taburg.a Friesland 1Lactating eows1Yes Greedy • Lush pastures, • Intermittent 1Cases occura Frothy. • Anti-termanta• 
I I predominantabecausa the7 I feeders. I such as kikuyu • rain and hot aespec1all1 1 I tives, Trocar 
I I in area. aare allowed I I grass and chemo-1 weather ( wu- I &tter ' I or Ruminotomy. 
I t 10nto the best I I lier. I t1ng.) • watering. a I 
I I I pastures. I I I I I I 

I I I I l I I I I 

15 I Robertson. I - I - I - I Green lucerne. I Dry windy I - • Frothy. I Turpentine or • 
I I I I I I conditions. I a I anti-frothing 

• I I I I I I • I agents and ele-
I I I I I I I ' I vation of fore-
I • I I I I ' • I quarters. 

I I I I I I I I I 

16 ' Piet Retter. aDairy breeds• Milking cows I Greedy, I Green lucerne I Hot weather. • - • Frothy. I Turpentine or 
I aJersey and l{predom1nant I h)lngry 1a.nd lush kikuyu I I I I anti-frothing 
I 1Friesland. I class o£ ani-a animals. I grass. I I I I agents. 
I I I mal). • I I I I I 

I I I I I ' I I I 

17 I Johannesburg. 1Dairy breeds I Milking cows.a - I Over-eating I - I I Frothy. I -
I I I I I concentrates. 1 I I I 
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3. 

' I I I I I I I I 
I I I aDo individu..-1 I I I I 

• I I a al animals 1 I I I I 
NOel Area. I Species anda Type or abloat repea-1Type or teed and 1 Environmental : Effect of 1 Type of Bloat 1 Treatment and 

I I breed or I animal. 1 tedly and 1condi tion of feed a Conditions. I watering. ausually encoun-a Prevention ot 
I I animals. I I reeding I • I I tered. I Bloat. 
I I I 1 . habits. I I I • I 

I I I I I I I • I 
18 I Pretoria. 1Dairy breeds a Milking cowa,a - I Green lucerne 1 Warm sun, tol""' 'I - • Froth7. I Turpentine or 

I • I (predominant 1 aor other legumes alowing rapid I • I anti-frothing 
• I I class or • 1and lush grass. a growth of I • • agents • 
I I I animal. I I I plants. I I I 

I I I I I • : • I 
19 I Pretoria. aDairy breeds1 Lactating I Greedy I Green lucerne, I Hot, humid I - • Frothy. I Turpentine or 

I aFr1eslands. I cows. I reeders. alucerne hay and I conditions. I • • anti-frothing 
I I I I I concentrates. I I • I agents. Feed 
I I I I I I I t I coa.rse hay and 
I I • I I I I * I cut down conce~ 
I I I I • I I • I trates • 

I I I I I I 
* 

I 
20 I Krugersdorp. a Friesland, 1 Milking eows,1 Yes Green luceme, Rain or dew I watering • Froth7. I Turpentine. 

: I Jersey. ahigh producersa Greedy &nd lush Italian. and hot sun aarter paa- • I Feeding of 
I I aespecially it I reeders. Rye. (wilting). sturing wil-t I roughage as 
I I I pregnant. I ted legumesa I preventative. 
I I • I dangerous. • I 

I I I I • I I 
I I I I I 

21 I Pieters burg. aDairy breedsa llilking cows. a Yes. Green lucerne, Cloudy, warm Watering 1 Frothy. • Turpentine. 
I 1 Friesland. 1 I Greedy lucerne meal. and humid. before or • • 
I I I I reeders. arter feed-· I 
• I I I ing, danr;e-t I • 
I I I I rous. a I 

I I I I I I I 
I I I I I ' I a 

22 • Klerksdorp. 1 Frtes.land I Wilking cows.1 Yes. I Young, green lu-1 Frosted or watering • Frothy. I Turpentine and 
I aand Jers•1• I I Greedy • cerne and rye. t wilted. before or a I eleyation of 
I I I I teed era. • I tatter teed-s I front quarters. 
I I I I I I aing, dange-a I 
I I I I I I I rous. • I 

• 
I I I I I I • • • 23 I Vryburg. aDair7 breedst Lactating I Yes. I Wilted, green 1Those !actors • Increases 1 Frothy, but I Turpen tine. 
I I I COWS' high pro-t Greedy I legumes. a causing wilting a danger ot a also tree gas. I 
I • adueers which 1 feeders. I I I bloat • I I 
I I aare torced-feda I I I I I 

I I • I I I I • • 24 I ? I Jersey and I Lactating I Greedy I Green lucerne. I Hot we a ther1 1 - I Frothy. I Turpentine or 
I • Friesland. • eows • t reeders. c awith warm windsa • I anti-frothing 
I I • I I I (wilting). I • I agents • 
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1. 

Aj'ff:JWIX II. 

The op•r~tiYe teohn1que ia aiallar to that de­

aor1bed by '''dn, Y .d. W&th and Myburgh (1938). 

thi!D. &n111lala are atA.l"Yed tor 24 houra pr1or to the 

operation and before anaeelhet1alnc ,11th chloral hydrate 

(1 o.c. p~ lba. body weight ot a lOt aolut1on), the skin 

over the left flAnk 1a clipped lllld aha.Yec1. 'l'h1a areA 1a 

washed "''1 th soap and. water after the anaeath~t1o haa been 

ad.m1n1aterec1, a leAned w1 th ether, and Oetavlon (I. C. I.) or 

Zepheran applied aa an antlaeptlo. PUll aaeptlo orftCAUt1ona 

are tAken throughout the opert\t1Gn. 

An 1no1eion 111 ude ln the ak1n ot the lett M.ank, 

approxlaately 6 oaa. behind and parallel to the laat rib. 

Blunt d1aaeot1on 11 uaK to aeparate the auaale lqera. 

The rWien 11 drawn out throu~~ the laporoto~ty wound, treed 

ot 1ngeattt and a bowel toroepe, gtl8.l'C1ecl wi til rubber tub1nf: 

on bot.h Jawe, ia appllecl to the rumen. A relatively non­

Yaaoular p~t ot ~· rtmnal vall la aeleote4 and an onl 

·~ ""'·"~ purae-atring suture ,,ualna Mo. 1 oatgut on a a1111.ll, curved, 

round needle. An 1nc1a1on ia Md.e in the oen~e ot the 

sutured area and the flange or tht prertouel.J boiled n ntnla 

tube ot ebon1 te w1 t.h &t\ftoned rubber tub1n1~, 1a paaBed through 

the all t. The lips ot the 1no1a1on Are inverted '-l.nd. the purae­

etrlng eutuJ"e tightened. It 1nvAglru..t1on 11 incomplete, ~ 

aeoond purse-string auture ta applied. Sulphan\.lal'll1de powder 

ia then applied to the naoeral p~rl toneum round the netula. 

It 111 felt thAt th1a enet~e• t1ra Adhealon between the vieoeral 

and parietal peritoneum after the tube h~• been dravn lnto 

poet t1on. 

and peritoneum at a po1nt high up in the Rnglt!! be"'reen the lAIJ' 

rib snd trs.naverae prooeaeea ot thelumber Y'!rtebrfle, and at 

leaat 1.; to 2 inohea away h-om the lnparotorv wound. A pair 
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2. 

ot long art~I'J toroepa 1a paased through the stllb vound, 

and the rttbber oonneot1on to the n.nt,tlA 1a gripned, A.nd the 

tube an4 nstula are drawn through the stab wound as tar aa 

poas1ble by gently 1no1s1ng the opening until th~ tube a11pa 

thrcue;h. It the stab wound open1n~ hAa beooa41! too large, a 

single interrupted suture, ua1ng No. 2 onti'Jt, is Applied to 

the akin close to the t1sttJla. !he l&J')Arotomy •.ronnd 1• 

oloa-,d. by sutur1ns ~e p··ri toneum and muaonl11r layers separAte-

ly "fith a oontinous auture of fto. 1 catgut. The llkln 1n-

o1a1on 1s olose4 with An interrupted u.ttreaa suture ot No. 2 

catgut and ooll0dion-ioc1ot!)rnt uaed as a dreaP1nc. the rubber 

tube at.taohed to the tietula ia oloaecl v1 th a t1f#lt-t1 ttin~ 

oork an<1 a oollar ot cotton-wool 1a tied tightly round the 

n.etula, in order to enaure that ~~ T1. aceral 11.n<1 pA ·1etal 

peritoneum 1a kept in oontaot, and to preYent the M..atula. 

fro• elipplnc into the rumen lltter het~.line M.a taken place. 

The wotm4s usually het~.l by tirnt intention. A~ter-treatm~t 

oonsiata in cleaning and re-placing the ootton-~ool collar 

round the t1atula onoe a week. 

In the oase or the bovines, the eame oper~at1 •• teohni1ue 

1s eaployed, w1 th the exoept1on that the operation ie p~tor­

m&d under parAvertebral anaee\heeia, uaine a ~ novoc~in go­

lut1on, with the anim~l at~nding, instead ot gener~l ohlor~l 

hydrttte snaeetheeia. !he aame type of ebon1te tiatnlA le 

uaed tor bonne•, but these should prefer~bly be provided w1. th 

a ridge on the tube anproximat•lY 2 1nohes above th~ tl~nc~, 

behlnd wh1ah A wire clip o~tn be rtxed. 'l'he ollp will pre-.ent 

the f1atula ~oa tall1ng into the ~mnen. A ootton-vool collar 

is not considered neoeeaary ln the bortne. 

(b) l'bs: AP'f''"PP! fP£ abpeetl and yevl tiptuJ,aP. 

Essentially the aame oper~t1ve t~ohn1que and mat~ria) 

ue u1ed aa deaoribecl aboYe. The lno111on for the abomaeal 

natulR 1a made approximately t,O inohea from AJld parallel tO 

the oostal aroh on the right YentrAl e1de of the an1m~1, atAr-
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'I .. 
t1ng about a1x 1nohel poater1or to th~ xypho1d oart11~R•· 

The atab vouncl through whloh the natula 11 pulled, 1B made 

two 1nohel to the rlght or the mid-Yentr!ll line. !he t1atula 

1a inserted near the pJlor1o end ot th., aboJDRaum. '.t'h-. atab 

'""ound tor the oaeoal t1atnl~t 1a u4e 1n the oentre of the 

right flank of ~e an1 .. 1, appro:xl~~ately three 1nohea Tentral 
M 

to the tr.JlnaYerae prooes••• ot the luber vertebrae. ,.he ,. 
laparotomy wound 111 Mde about t•.,o 1nahea behind and pa:rallel 

to the last rib. 

( O) Xtte pporattgn tor abgpm1Ml yagptQQ• 

'!'hie operation h&a been de1aribed by Hotlund (1940). 

'l'h~ animala are atarYecl tor 40 houra and ana81the-

tiaed. 'd th ohloral hyd.rate 1n the 11anner 4eaor1bec1 ttboYe. 

The oper~t1on aite, oo~rl1ing the TentrRl aide ot the ~n1aal 

poat@r1or to the xyphoid oart11age, 111 prepared 1n the uew'l 

manner. Btr1ot aaept1o preoaut1ona are tft.ken thro1lt;t\out. An 

1no1a1on, approx1ma,ely a1x 1nchea lonr, 1a made about one 

1noh to the right ot the nd.d-Tentral lin-., atendinc fr'om 

immediately behind the xyphoid cartilage. The hand or the 

operator 1a 1naertea through the inoiA1on Rnd a hook, ~~ a 

atrlng attached, 1a applied to the ret1ou1U11. By exe-t1ng 

trllot1on on Vie atrt.ng an asst.atA.nt pulla the ret1oulum to 

one a1d.e 1n order to olear the oardiao uea. W1 th blunt 

d1aaeot1on the op~r~tor 1aolatea vh10heT8r brftnoh ot the YAgUI 

(right ventral or lett d.oraal) i1 req11lrec1. A long e11k 

thread ia t1e4 round the nerve. and the nel"Te 1• oleared for 

a d1atanoe ot about one 1nah. Wlth a pair ot blunt eolesora 

about one t.noh ot the nene 1e exolaed. By rtaual 1napeot1on 

the operator make• abaolutely aure that the nerve 11 aotuallJ 

aeTered.. The laparotoay HOtmct 11 olo1ecl 1n the ~J~&nner de­

acrlbed preY1ou•l1· 
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AffEIWlX ,&II • 

L>~ slUli l'ila.· 

Ia1a Eata,ts haa a large hera ot pure-brea Fr1eslanna, 

ke~t tor milk prodvot1on and pedigree breeding. 

titr1ct reor."rd& are ker.t by vr. Mohrlanf, the v~tertne­

rtP.t.n ln oh~rge Of the fRrM. .!loa' 18 a 8ft'10'tl8 probl• A' 

Ie1a Kat.a-.•s, a ffl¥' oaaea oo0\~M'in6 alaost dldty. 

'I'he antulr n.re rorctt'-tod tot.~ production. 

le;~aaog, lj.!Ome: 

cows sleep ov,.rn1~t \ n 'h11tr~ l"'~"ook. 

3 a.~.t H~oucht into s'•ble Pftd ted oh~pped, aoak~ 

luoern~ haJ. Af\~-r· t:h1a thty are eiYfln d.a1ry •~&1, .'lnd l'll1l!::ed. 

\'.'nter 1n oonstan\ly avAilable 'o eaoh oow. Aft,...r milking, the 

g ~.m.l C~W8 to p&~a~Ok Wlth t.eff h~y ~Y~ll&bl~. 

heE~ troa ~alf•M1-hour- to one hovrt. 

10 "l..:a.: C~¥'1 into at:-.~~1'9, rert tlN'! milkP.C. ~~ b(kt"r.trt~t. 

To ,._,.~t~1ne. 

~ u.-,~<1 m.t~tll t:-, 1uoerJ1f. h~~ty 1 "1J. '1't>tr!.1noef ba184 

t'ro:t T1r.'.nf!·.:ln, 1n 1~'11r1y larb:"" onnt!1f.'1l!'lli:'r·t~ • 

.:..unfJ owe:r, 

~olase~s ttn t.o 27. 

ltc;.ainga t.traz1:1t; 1a ~1 ther oatl~tnda ot· veld, '-'·• 

e.va1lal.>le. 

Gaees ot b!.O&' ooour ~aoat J.tU.ly, mof.:IIly betwt"n 

~ a.m. 3Jl" 10 a.a. mllk1llf18. u~toea ba.vs, ho!.ltBV~. heen e~,_,n 

to ooot'.r ....,..,_thin a f~-r r.~..'\n:t'!:ee n.:t'ter the 10 a.Jt.. st~.llle t•ed. 

't'ho1~e 1 s .1ec1dtJ:1 ~v1,ier.oe ot ln~1 vic '.l:'ll £uacc:rr.tt b1.1.t ty, -.tl 

C'-'!"tP.in oo'·ts ct~t1n1 ~f!ly tend to blo!lt repeatedly. fhers 1a 

Z/ ••• 
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2. 

alao the tapreaalon ~at m&nJ ot theae habitual bloaters 

are trom the ume breecU.ng 11ne. !hi a 1nd1oatea here41 tary 

111aceptib111ty to bloat, bttt, ror obY1oua reaaona, theae bree­

ding recorda are not available tor publloation. It vaa not1oe4 

that the cava uauallJ atteoted. are the beet ted, hea..-y })1'04u­

oera and the greedy tee4ere. Aooordlng to KaParlane, 1 t appeart 

that the groeater the molature content ot th~ aoaked lucerne, 

the greater the danger ot bloat. lihutt1ng Gtt the 1nd1rtdur.tl 

water auppl7 to eaah cow, and ua1ng a common trough, 1noreaae4 

bloating. 'ftl1a 111q haYe 'been due to the oova dr1nk1ng large 

aaounta at onoe. 

JJPI gt HlA't end tr••pSt• 

Moat ot the oaaea ot bloat were 4ue to t'Poth1ng ot 

the 1ngeata. !hla oonoluelon waa drawn trom direot obael"Ta­

t1ona ot I-UDllnal 1ngeata, and the benet1o1al etteot ot treat­

ant ot the oaaea ,..ri th ~tnt1-htoth1ng agenta, ~:uoh aa turpentine 

or Avllnox (Ic.;I). Caaea tita"t would no"t reapond to theae ... _ 

aurae, were walked up a rlae, whioh 18Bed1atel7 tao111tated 

belohlng. Th1a proYea that aoM oaaea at leaat were oollplloa­

ted by direot oY«r-t1111ng. 

Qapqlaatgpt-

lfhe ti-oth7 bloat 1n th1a 1natanoe ia attrlbute4 to the 

t'?e41ng ot luge uounta ot teMl laok1ng ln roughage. AJ)AJ't 

t'l-oa 1a\e da11'1 aeal wh1 oh 11 en t1re1J deYold ot t1 bre • the 

luoerne hay vaa deprl Ye4 ot 1 ta ooaree oharaoter by ahopp1ng 

and vetting. !he oatl.and. gra&1ng 1 teelt vaa alao laokln~ 1n 

roughage, an4, although the Yel4 grasing at t1aea should have 

been ooal"ae enough to ))l'eYent bletat, 10111 an1~~ala .uat obVloue-

11 baYe oonaumed 1nautt1o1ent amounts to atrord protection. 

Thia vaa probablJ' the reault ot beaTy atable teedlng, vt\1oh 

further oontributed towarda bloat by oaua1ng a relative oYer­

t1111ng of the rumen. It 11 a1gnlt1oant that aoat •••• ot 
bloat ooOUJ'I'e4 after the 3 a. •· llllklne;, when the oova had not 

hacl aftJ cru1ng ainoe the preYioue eYenins. 

3/ .... 
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(B) ''PAl' op •U:ar• PutbrW gt b:tpat aS I Be Jotgtg 

?6Sh J•nuarx lpoe. 

MoFarlan• :repo1"ted n1111eroue oases ot bloat rus traom 

24:/1/&2. ftle teed..lag and genft'lll routine had reu.lned aa 

deaarl bed ln the report of 6/'1 /81, and onl7 ooaaa10J'lal 01u1ea 

ot blo.-t had. ooolU'Ped ln the 1nterla. On the 23rd and 24th 

~e oowa were tor the t1rat tlnse mllked. meoha.nleally ln a 

newly-lneulled un1 t. The tee41ng remAined aa before. On the 

24th there "•e ~1rty oaaee ot bloat ot va.r)i.ng &everl ty snd 

one death.. J\trther la:rge aoale outbreaks ooourrfl4 on subse­

quent days, and. on the JlOrnlng ot the 26th there were elx 

mo4.erate oases of blo11.t. !he bloat ooourred vwy ranidly w1 th­

in 'twenty lld.nutea ot reeding luoerne whloh had been prertouely 

aoat.e4 1n water, and betore the dairy meal wae ted. 

Bloat waa ot the t?othf type 1n 11oat oaaee. In sp1 te 

ot the tact thAt M~D.ct tree gas eaoaped from a t'flftf anlmflla aner 

trooar1zat1on, 1 t 1a belleved that some degree ot t.roth1ne vae 

preaent. Bloat vas moat ooamon at the 3 •·•· m1lk1n,;, 1.e. 

when the oowa had not bad any gpas1ng alnce the preY1oua day. 

An1aal.e 'Nhloh reoe1Ted a au.ll ntlon ot luaerne and h&d not 

been lntrod.Uoed. to the 1111t.1ng ma.ahlne. had. not shown M.7 bloat. 

'fr••tmensa 

llohrlane Hported exoellent reeulta With I.O.I' s ant1-

troth1ng agent A"f'llnox. It was fttrther tound that spraying the 

lnoerne w1 th a one-1n-ten dilution ot Avl1nox greatly reduoecl 

the 1nc1denoe ot bloat. 

Cgpglualppl 

In the Ught ot the ertdenoe, the oonoluaion 1s juat1-

t1ed that the Vidf=•nrcld bloa.tlng Yl\8 aasoo1ated v1 th the 

1ntroduot1on ot meohAn1oal. mllkt.ng. 'the payoh1o upset mu•t 

haTe resulted 1n the production ot ad:r'enalln, vhloh attecta 

both rena: ul1"f'llt1on and the eruotat1on renex. 'l'h1s oausecl 

large-•oale outbren.ka ot blc>a t 1n these an1•1•, already part1-

oulsrly auaoept1ble ~ bloat na a renult ot the speo1tlc ree-

c:11ng regime. The upeet 'fts also retleeted 1n a reduoed.,. m1~ 
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•• 
(B) I* 'N!Jlv61lt1AL V&UAT.LONa 'D 1;1Ufl%A .. QJi ifDiJINQX 00NQIJ 

ijlA OF j'Hii WWM§Ht4L §HIH1f· M RljdQOJWiie AX IAfiiOYU 

s 
t I R U C T A ~ I 0 M E F F I C I E M 0 Y. 
• Bhf!ep Jfoa • • • • : • I a t 3 t • t 6 u., •. I 1 • 
I I I I I I 
• : I I I ' • • 4 24/1/51 : • : -c - I - - • • 

21/1/51 : - : - : 4 I - : - I 4 
4 I I • 4 30/1/51 • - : - : - • • 

7/2/51 I - : - : 3 I - I - = 
4 

26/2/81 : ""! I - I 4 I - : - : 4 
12/3/51 I I - I - • - I - I • - • 
19/:5/151 I 0 1 I - I - ' 

., I -- ... 
23/3~1 I 0 I 2 I 1 I - I - I -~/3/61 I - : I 1 s 1 : - : 2 
29/3/51 I I I " : 0 I 1 • -- - • 
11/4/51 I 0 I 1 I 4 : 2 I 2 • 2 • 20/4/81 I 0 I 1 I - I - I - ' -10/&/81 ' 1 t 4 I ' : 2 I a I 2 
15/8/51 l 1 I 3 I 3 I 3 I 2 : 5 
16/0/61 • 1 I 1 I 3 I 3 I 3 : 4 • 
17/5/51 : 2 • 3 I 8 • 2 I 3 a 3 • • 
23/8/151 • 3 I 3 I - l 3 I 2 : " • 
28/5/51 • - : - I 2 I - ' - I 4 • 
29/5/51 t 0 I 3 : 1 I 1 I 2 & 5 
4/8/51 I a I 4 : 3 I 4 a ~ I • 5/&/81 a 2 I • • 5 I • I ~ I & • 

t I I I I I 
I 

Conolua1ont It appttal"a that there 1a a llllrked 1ndirtdutt.l 

Yar1at1on in eruotation errtotena,r betwe~n the 

dltterent aheep ln the uoup, aa well ae a marked 

Yn.r1at1on ln 1ndiYid,lll1 anlula the~~aelYea. 

PJtothlng c114 not plny a role, aa each animal t~aa 

g1Yen an an'1-troth1ng agent before recordlnc. 

(C) XHJ·~ JtF, J.;qt or ;rtna PliGitUi Q[ H\flUML riJsiJIQ Q1 

muytATiuN g:·rcra;.;y,. 

Slx ot the experimentAl Sheep were uaed. ""ter wae 

reUloYed tor 24 houra p~1or to the a:pertaent, but luoerne hq 

waa available up to the tlae ot reoord1nc. A reoor41ns or 
eruatst1on ert1o1enny, ·~ioh VRe rated arb1trar11J, waa obtai~ 

ed f'l-oa eaoh. aheep b7 uetng the ••thod ot toroed. Air lnBtttt'll\-

tlon. P:rothlng ot \he lngeata waa preYente4 b7 t1oa1ns an antl-

f)/ ••• 
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&. 

troth1ng agent before reoortU.ne. Th~ aheep were then vatered 

and ted luoerne haJ M l+b. tor a period. ot 2 hour•. Pood 

and vater ooneW1pt1on we.<((. then tl\ken and a reoor-dinr~ ot 

eruota t1on etf1o1enoy ll&de. The resu11i• are r;l ven belO"'!-

Note: E.~. - rating ot eruotat1on ett1o1enoy. 

§l:ial: p];!tt;te/?· ·, I !taRa&i~ifanNf. 2 i in:n!n!1J9: :~: 
: t ! I I l I t : 

fl. met 1 LuoeJt-1 Water: E. c.&Luoer-: '!lAter& r~. 1.1 Luoer-1 WAter: t.E 
lne hAJI t &ne hay: I lne hAy: ~ 
I I J I l, 1 I I 1 
: : : : : : : : : 

lltt .11. : I I 2 : S l 4 I I : 6 
2p • a • : 380 I .:!540 I 1 I 310 : 2'700 : 3 I 440 I !5820 : ;_! 

& gram8 I o. o. I I ~·~ o. o.: I gJ'run81 o. o, I 
3p. m.: I : : : I •1 : I : 

I I ; I; I I I J ; : 

§liia,: ac;Ra!i:tt;/if· ' : !r!;!;:dgn~r· 5 
; t~.:.:tfon~~· ~ 

I I I 1 I I I t : . 
Tlae: :Luoer-1 Watert~.f..ILuoer-: na1iert~.~.:Luoer-: ~ater:E.~. 

1 ne hql ·I lne hnyl 1 I ne "l~yt : 
I I I I I I I I ; • 
I & I I t t : S : 

lla. m. I I I " I I I 5 : t : 5 
2p. a. : 420 I 2790 I ~ I 430 I :U20 t 3 I 030 I 3690 & 1 

t grama : o. o.t : gram•: o. o.: : strttm•: o. o.: 
:5p. a. I t t•l t l 1 I t : 

- L l I l J I I l i 

"8heep No•. 2 ~tnd 4 eaoh do•ed 'f'l-. 1500 o. o. va.ter lnto the 

rumen 1n order to turther 1nereaae the vol•e ot the rua1n11.l 

oontent8. 

Conolualont It 1• evident th~t.t the recluot1on ln eructation 

ett1o1eno7 oo1no1dea With the oo.b1ned food ~nd 

water intake. 

{u) XHI m'Et;% gr IAzwno gn w •a~IyEagE gr MLQAt IN 

S'trw. 
d1x bonne• ot the Af'rt1oander type, approx1m"tel.y 

2 Jeal"a old, Vel"e d1 Y14ed. into ~ 8(1U!\ 1 r;roUJ)8. '!'hey were 

ted on a baa1o re.t1on ot goo4 quallty luoerne hay. Pood And 

vater vert removed troa both groupe on 3 p.a., 11./7/tsl. On 

12/7/&1 at 8.:50 a.m. group I vas given w&ter, ~le group 

II remai ne4 '-'1. ti\out. At 12 • JO p. •· both group• were g1 ven 

auooulent gre~Jn luoerne t4 11b. The an1rula did not take the 

• 
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e. 

lucerne "' t1rat, but on 8 a.m., 13/'7/&1, 1 t wae notloed that 

they muBt M.ve ooniJWiecl a large &JIOUnt ove-n1ght. The :re­

aul te are ~ ven helowt-

• • 
uate 

• Group reoe1V1ne:; wat~:r; Group 'dthout vater 
:prlor to gr~en luoerne,prlor to ereen luoerne. 

:Horl.ne No.! oegree ot :~ov1ne • 
No. i Degree ot 

blont. • j bloat. 1 I •' 
I I I I 

(a) 12/7/51 I ~ I Pull on11 I 437'1 l 111 
I 4A.."93 I MarkedlJ' : 4281 l Ill 
t I bloated. I ' : 4340 : Pull onlr • 4443 ' Nll • 

: t ' ' (b) 17/7/&1 I 4~'1'7 ' Pull onl7 I 4348 I Mll 
• 4281 I ttl1pjttly : 4293 t Nll • : I blGated • I • 
l 4+&0 I Full onlr I "MO • Nll • 

s I I I 
to) 20/7/51 : 4348 I Slightly a 43'1'1 l Nll 

I I bloated : : 
I 4293 t 1111 l 4281 I Nil 
I 4340 : Nil I ""3 I lfll 

• 

In order to aolude lnc11 Yldual ausoept1 blll ty, the groups . 

-

,.,ere oh&nge<i round on 17/"1/01, th~ s.n1anls prnionnly ln ;jr()up 

2 reoe1rtng water prior to luoerne teeding. The reaulta are 

;~ ven ln tAble ('b) • 

!he or1g1nal experiment vaa repeAted again on 20/1/el. 

!he result• are given ln !able (o). In the laat tvo aperi­

aenta the boYlnea lmmecU.atelJ took to the luoerne, 1u'ld blct11.'t 

vae ertdent at 3 P••• the aaae afternoon. 

Conolua1on: The 1nc1d.enoe ot blo11.t ••• pteater amoneat the 

ani~~ala ~oh reoe1ved va,er lmm~atel7 prlcn­

io green luoerne. 

(K) JW!i VliHZ of wuwuu OM ·xH& IIYIMiftyi Qt mp•z II 

u ttiUSff AIM 4 M& JIJYlQ. 

Fourteen non-tlatulae aheep And one boYlfte were used. 

tor th1a experlaent~ The sheep were d1rtded lnto two eqttal 

groupe, And the boVine vaa plaoe4 v1 th one ot theae croups. 

One ot the P_,• waa glven luoesene ha7 11t.nd. water. up 
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7. 

to 8 a.m. ln the aorn1ne ot 12/8/61, while the other group 

reoel ve4 only luoerne hn.y, w11. ter being V1 thheld tor 16 hourc. 

At 8 ~.m. on 12/6/~1, the lstter group WRB. nllowed to 

drink water before both groupe were put onto treated ~een 

luoJ?rne paatuPe. The resul te are G1 Ten 1n !able (a) • 

!able (a). 

l : Ooroup ff t water w1 thheld 
s Group I l h&y and va ter up sror 16 hours; allowed to 
tto the ttme ot.paetttr1ng. : drl nk ve. ter 1~~med1~ tel7 
I : ~m: fig lua~na m12im:J.Di• 
I l I t 

Ua,e. lAn111Hll No. U>eg:r.e ot Bloata An1lilltl Mc.auegre~<> or Bloat. 

I • I I 
12/8/51 s 811-'3 l R11 t 91159 ' Slight 

: '1981& I 1111 s 81110 I Mft.l'ked 
I ?'9904 t rull onlr I 8972& I 811r;ht 
I 79833 I Full onlJ l 81141 t Moderate 
• 81131 I Moclerate I 82430 t Moder~tte • 
: 81133 I N11 I 80086 I Sllr' • 01118 I MoclerAte I 811&1 ' Rl 
• 1 tBortne no : Mftr'ked • 
: I t ftUJiber I 

Un 14/1/51 ~e exper1aent vae repeated, V1 th the exoept1on W\at 

1n th1a oase luoerne h&J RJld water were w1 thheld fran both 

groupe tor 18 houra. !he group ot 11ft11111lls 11 Yen 'lAter prior 

to paaturlng 1n ~e pre'f'ioua experlaent, were fllloved onto the 

paeture v1 thout drinking water. !he other group, Vh1oh had 

pre•lously had vater and food -Ys11able oon•tantly, were nGW 

~one4 Vi th thrtte 11 tree ot vater eaoh before &llow1n'"' th• 
'-' 

onto th, Mile t'!'oatect gr.-en l•toerne Pfl•ture. see !able (b) 

tor the results. 

9/ ..• 
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8. 

Table (b). 

: • • 
• Group I: Food and water • Group II: Food And vat~ • • 
• withheld tor 16 hours. • ~.11 thheld for 16 hottra • • 
• Uosed thr~e 11 tr~f' water • pr1or to pAB,1tr1n~:; no • • 
• pr1or to pasturing • • vater given • • • 
• ' • 
• • t • • • • • 

JJnte. &Animnl No. : ue~~e ot Bloat: An1~1 No. : .ue~e~ ot Bloe..t. 
• 

: : ' ' 1-l/6/51 : 816.3 • Blight : 81159 : Nil • 
• 7981~ : Sll~ht • 81160 • Moderate 
" • • 
a 79904 ' Marked ' 69726 • N11 • 
• 79833 ' Slight • 01141 : S11hf\t • • • 
I Rll31 I Marked : 824:10 l N11 
: 81133 : Moder11.te ' 80085 t Nil 
• 81166 : Marked I 81151 t Nil • 

' • : Hovine no t Nil 
: : : nu·:ber t 

• 

conoluo1on: It appears thAt the 1noidenoe ot bloAt is greater 

1n those groupe reoe1v1ne w~ter before pasturing 

green luoerne. !he lucerne wae 1n t~~ appropriAtl 

stage of gro~-rth 1u1<1 very auaoulent. By ohA.noe, 

the pasture aotually had •evere rroat during the 

night preo~dlnG both experiments. 

(I) THE EFY..EUT OF VO~lNG SO!JlUM OARBC1\Atf.: ON 'l'fH. EF~,ICit.~NOY 
- I I - - - -· 

KEaUtvF or THE BL90J.J or HHfEP. ( net,. 11. P.d dP. til) • 

Notet 1!:. t. r'-'tlng ot eruo.t~tion efi'1o1enoy. 

I • 
• 8 he e p K o. 2 • • 

• • t f ' • • 
Pate.' 1 '1'1ae. tpH I 00~ I i.l. t Rumen Mot111t;r. 

I I • t • 
23/10/61: 9.30 a.m. US.') t 61 I " ' MoNal 

• I t I : • 
tlO •••• • 1) 0 • • d 36 ~_:rl!.m aoct1ua oarbonate. • 
• : ' I : • 
110.~ a.ll. 18.2 : t 11 oontr~otion per 5 m1~ 
I I I : : 
:11.10 •••• :8.4 • 59 I .-, a Porvard. and. be. okvard oon- : • , ... 
l • : I : trA.etlons wea.k. • 

' l • t : • 
l ·'l 1& 

~.,. P••• :'1.2 J '72 • 1 I Both types ot oontrnot1on • : I : ' s weak 
: t I I : 

24/10/&l: 8.30 •••• us.o : 76 • 0 :Both type• ot oontrfllotlon • 
: • : : I Venlt • 
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9. 

' I") 
I s h e 't P N o. .... 
• • : • • • • • • 

Date. .. Time. • l~l * 002 I!C. E.l Rumen l<lot11 \. ty. • • 
!. •• L I l -- I -...1-- I • : I l • 
• 2.16 P••• :~.8 : ,~ • 4 :Inore~•ed rn.te of «Mto'b-. • .. I I ' 1 t1on oontrRatlon orl ~tir . • 
: I c • ; 1neutt1At1on. • 
I ' • s • • • 

20/10/f.\lJ A.:50 t\ell• 
, .. n • 66 ' l :Vvry ~eAk oontraot1ona .u,.::- • 

• • I • & .:agru1olally backwArd • • • • 
t t I • : 'R~~1oed r_.._te • Contrt-to-• 
' • t • : tio':le A1:rong • An1l1Rl 
t I • I c ru.Dtt nn tine:. 

' • • l s • 
I ~.\!\ ,.m. I r, • f~ J 61 : 4 1 0f>:'\,l'lllnt1ona at.rong, 
t. I I l t n.n.t "Ml rHr111nA t~ ~. 
l I ' : : 

2iS/10/f'lr a. ;,o •· •· 18.8 t 63 • 4 t Oon trAoti on • rf! .~l~tr Md • 
! s I I &atrong. :Lnorapsed rate 

' ' : ' ' on 1naufflat1on. 
: : ' • ' • 

l 
t ~ h ~ • 'P M o. 3. 
• 

: t : ' ' • 
Uat•. I 'time. I pK I oo-~ u: .... a Kumen Hot111 ty. 

I I • 

' I - ·-• I t I : • 
2~/10/~1: S.:50 a.a. :6,7 I 82 l 4 I Normn.l 

I • t I • • • 
J 10 n.a. I 1) c • • d :so flrUl8 cod1um carbonttte • I : a I • 
110.~ •••• &A.~ a ' I N11 • • • : • • • • • 111.15 •••• I 8. :.! : 6~ I 1 SVtu-tng a1r 1ncuft'l.at1on 
: : s t :r•gular; 1n~t'r1e1ent .. : I • :~totRt1on oontr~otlona • • • 
: I l : ' • 2,15 p.m • 17.~ : 7? ' 0 :Jtf'duoed rate or aruotat1on~ • : I I I I 

?A./10/Dl: e.~ a.m. a&.fi I 00 ' 0 UliMluoed rA.te ot eruotnt1on 

' ' • : I ,. 
I 2,18 P••• 1&.9 ' ?9 ' 0 lRflduoed r!lte of .. uot~tt1on. 
I : I : : 

~/10/511 e,30 f4olAl, 1'7.~ ' ~4 • ' : n.~th type a or contrnot1on • 
I ' • I • noNtll I' n. t • . • I 

• ' ' • l " • 
• 2.15 p.ll. HS,G I 56 : • : C·lntr~ot1ona atronG: : I c t • anim:ll rum1nRt1ng. 
I I I t & 

26/10/Sl: 8.30 •••• 16,7 l 41 & a :c~ntraotiona strong, ln-: • t : 1 o·.:'ea•ed r!"Ltl! on 1nAuf'fill-• • l : I ' t1on. • 

' I I 

1.0/ ••• 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



10. 

t 
: • h •• p N o • C). 

.. : t : I • 
Ua te. l Time. I pH • 002 n:.lb.: Rumen Mot11.1 ty. • 

I J a ' a il • - ' 
t • • : • t • 

2;5/10/&1: 9.30 •••• Hi .. '7 69 : 6 • noJ'IUl.l • 
t I t l 
tlO a.m. • .0 0 • • d JO #:1118 ao-1.1tttl oarbonfllte • 
: • I : s I 

:10 •. ~ A.Jl. t '1. "I • : l N11 • 
: • • • • • . • • 
lll.15 a.a. :7.0 - 71 : ~ ; Hil, rer~lar 1nettio11!11'lt • 

' • • I 1 !'~~1at~t~{)n n,•-mtT-~o".on• • • 
• • • • : d:..c-1n~ a.ir 1na,atflat1on • • . • • 
: • • ' • • .. • 
I a.l5 P·"· :?.1 • 77 : ~ :only regulsr eructntion . 
• : ' : • oc~!trl'lot1,n• • • 
• • • t : a!t«r insufflation. • . • 
• ' • : ' • • • 

2.4/10/:Sll e.SJ c..ll. :8.f> • 74 t 0 t&,.h t~~~ or ~ontr&et1anl • 
: • • l • Y3rY' veak. .. • • 
: : 1 I l 
: 2.15 p.m. :6.8 : 66 t 2 tHoth typ~a ot contrnot1ont • 
: I t t ave.-~; \nare~sed rate on 
: s I : • :tnsutfl~t1on • .. 
I I • • • • • 

Hf5/10/:Sl: 8.0tl A.ll. Hi.9 I 65 • 0 aao ~ ty·pea of ·lont~-act1onl 
I • t t :ve.,k; tnoreas~ ra.te on • 
• t t • I :l.n•utrl-t t1on. • • 
• • s I ~ • • 

' 2.1~ p.m. se.a ' &7 : ~ :Co·1trnct1onR strong; 1n-

' ' c I ' ar~n.eed r~t te. 
I l : • I • 

~~/l0/5ll a.:!':) ~-·•· 18.8 t so • • IOoll·trAot1ona strong ~,d • 
I t I I trecular; 1noreaeect rate 
I • t : : on 1neutflat1on. • 

' I l l • • - i .. I • .L a ' • • • 
tJ h e • p N o. 7 • - I. • I 

I 1 I • • • • 
Date. • T1me. s pH : ~2 u:.r:. t lltL1len Mot111 t.Y. • - I I I - I L. 

I t I ' ' ~~S/10/51: u.oo •••• 16.8 • ~3 : 0 I Nlll"'llll • 
I I ' l t 
&lU a.a. I u 0 • e d. 30 gt-A.ms aod1Uil oa.rbon~t te. 
I • : t I " 
'10.~ A.JI. ::"'.3 t ' 1 ~" erttottttlon O«'ntrnotlon 

' • ' I ' per & a1nute1. • 
; • • t l . • 
111.18 •••• :9.2 I 89 I 4 tOnly re:~ulAr ttttlolent 
I • I t * ·:'l"'l 0 tl' t 1. !")ft oontreot1ona • 

' I ' t ' I ~!.l!S p.ll. IA.7 : 73 : 3 tOnly ft"uct«.tlon oontr:'l.a-
• • : : t1one l"~-~tol!d. ra.te re~lar • • : I I • l • 

2"/l.0/51: ;J. 30 •••• :e.6 I 80 : ~ ICnlr .s~uot~ttlon oont:rftc-
: ' • s : .,1on~t reduoed rA.te re;:nlAr • 
I s • c I • : f!.l5 p.a. s t). :i I 73 t 3 :Cnly ezouotat1on oontrao-
l I c ' :tiona reduoed rate regular 

J.]./_--
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11 • 

• .. 
I o. 7 (GOnt.) z 3 b • • p 

• 
I ' a s & 

Date. : time. l rlt ' COz :E.'!.t ~umen Mot111tr 

' ' t : 
26/10/511 8.30 11 ••• us.7 I 63 I 6 t Both typea of oont:nB-

tiona auaon!; • • I t I • • • 
t : l ' I 
: 2.~ l).rn. :e.G • G3 ' 6 :noth typea ot aontrao-

'1ona atz-ong • l ' l l • .. 
l I l l l 

28/10/511 8 A. ••• 18 • .& I 58 I & :Both •ypea of aontr~'>-

' t l ' :tiona reguln.r r1nd strong. 
• t : l :InoreAaed rnte of and • 
: • I I : nen extra eruotl\t1on • 
& : t l I oon trao t1 one. 
I I I I I • 

a1x ot the u:pex-1mentRl sheep were usert. Tr,._o1nga ot 

eruat~tlon etr1o1eney were f1rat obtAined b•tore eaDh aheep 

waa dosed w1 th ~ grama aod1t.ua oarbof\1.\t'!. :l.~ooJ'41nce ot eruo­

•~tlon ett1o1enoJ were then m~4• at v~r1oua 1nterv~1B. 

Ruainnl pH ~• ~lao determined betore doa1ng and at eAoh 

reoord!.ng. 

The reaulta are g1 yen b4tlo'f'S-

• • • t : : t • • • • : 1 2 : 3 I 4 • 5 I I • • »ate : 'rime l I I I I I 
I : • ' • I : : t 

= 
t t • • . • 

I tpM n~. E: p11 u,~.1: p11 S !!. 'Fa pH IE. J:l pi( IE.Et~ tE.E. 
I I i I • I I I ' a ' I I I 
I I I I I : I • I t : l I • 17/&/611 9 &.at7.a: a :a.es 3 :a.a• a :o. at 2. : 6.9t 3 :&.7: 3 
I t I I I I I a : I • • c • • 19.30 ... 11 0 • • 4 •oc:1ua o11.rbon !. t • 
• I I I I ' : : I ' I I • 
:10 a •• :a.oa 1 I[!. 3& 0 :7.81 o ss.a o 17.~: 0 :., .1: 0 
I a I • t : l t : I I : : • 

18/5/611 9 ••• :6.91 0 tl.il 2 :6.81 1 1?.0: 2 17.01 0 16.71 3 c I : I : I I I : ' l • : • I 2 p.a:l.8l 0 ''·01 1 ce.v: 0 :o.e: z se.g: 0 :7.01 2 • • 
19/&/511 9 

I 
20/&/51: 9 

• ! 

Conoluslon: 

I • : I : a I : I I l I • 
••• :7.21 0 17.11 2 17.01 .. lb.SU 1 t7.o: 3 :s.e: -J. 

I I • I t l " t • • I : • • • • ••• c7.o: 1 tf). 71 - 11.81 & 16.71 - 16.71 - 16.41 -• ' I ! I i ' : I l I I • 

A1 though the rualfttll pi returned to the ftONIIl 

range Y1 1\hln 34 houre, the residual allc"loeia in­

hi b1 ted MD~1n~l 110tlll ty 1 aftd, oonaequently Ute 

eructation reflex tor per1oda up to 7a hour•. 

12/ ••• 
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12. 

(J) Oonauapt1on ot luoerne hAJ ancl water And amount ot 

taeoea paaaed. dA1l)' by two goats on trth1ch abdolll1nnl vagotomy 

was performed. Uata oolleated from the 4th poat-opernt1ve ~ 

uaso. ; qgat iip 1_ 1 • ,: u _ r'&Qet ijp 1 2, . 

: : I I I l 
2/11/&11 360 I • l • : 280 I • : -

: : I : I I 
3/11/51: 290 : - I • I 220 I • : -

I I I I : I 
4/11/511 ~~ I - I - I 460 I - : -

I : I l I I 
6/11/&1: 180 : - I 90 I ~10 I • I 400 

: I : : : : 
8/11/61: ~10 : - I 110. I 440 : • I 4gQ 

I I I I I I 
7 /ll/51: 320 I • I 100 I &80 S - : 390 

I I I 1 I : 
8/11/511 &0 I • I 10 I 410 I - I ..00 

I : I 1 t : 
9/11/&1: 180 : - a &O : 400 : - : :530 

t : a : : : 
10/11/&1: 2&0 = - : 2!S a &20 s - : 490 

a : : : 1 s 
11/11/&11 2?'0 : - ' 3e : 510 : - : 440 

I I I I I I 
12/11/&11 130 I • l ~0 I 870 : - I :50 

I I I : : : 
13/11/&1: 1~ l • I 10 : &60 l - : 1&0 

I I I I l I 
14/11/611 180 I - : 6 I 370 l - : 130 

I I a I I I 
16/11/51 I :)1&0 I - I 10 I 250 : - t ~00 

S : : I I : 
18/11/51: 100 I - I 10 I 460 I - S 170 

I I I I I I 
1'1/11/51: ~50 I - I 5 : ~t10 I - I 460 

I I I I I : 
18/11/&1: 130 I - l 1& l 330 I - t 190 

& I I I l : 
19/11/&11 130 11140 I 10 I 390 11140 l 1~ 

I I l I I l 
20/11/511 30 11400 I 5 I 480 11.280 I 215 

I l I : : I 
21/11/511 0 I 340 I 10 I &00 11880 I 220 

l I : & I : 
22/11/51: 120 : oao 1 5 a eoo a152o : ~~5 

I I I I l : 
23/11/&11 10 : D80 ~ 90 I 330 I 960 : ~60 

I l : : I I 
24/11/51: l&O a 860 : 90 : 750 at9fSO a 290 

I I I I I I 
20/11/611 220 : 700 : 40 I 790 : 1490 : 340 

I I I I I I 
26/11/511 120 I 880 I 40 I 7:10 llMO : o640 

I I & I I : 
2'1 /11/611 250 l 440 : 10 I 420 t 920 : 180 

I I I I : I 
28/11/51: 60 11090 = 10 : 410 12080 : 70 

I I I I I l 

13/ ••• 
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13. 

RIJMlML riLLINq ON 'fBJ;; grtt;Ilr.HCI QF IRINTA'tiON. 

uate: 3/10/51. Sheep NO. 8 ~1th both rua1n~l And 

abollAeal n.atnlae vaa uaed. 'rhe animal wae ted on &00 GJ'rul'l8 

lucerne hAJ antl grasa hAy !!! 11b., before the exper1aent. 

'l'he rUJten va• nrat eapt1ed. ~• tnr aa poonlbls ~ th the va­

om.DI ptlllp, t~fo 11 tre:a ot tlu1ct 1ngestn being relllUVt!d. The 

abollaat.UI WB.a also drained. A reoordlng ot e~u~tAt\.on etf1-

~1en~y ,,:\& then Mde an4 arb\. trn...-117 rttted.. Throut_j\out the 

eJrper1ment alr vAs 1ntroduoed into the -rumen at th-. r~tte ot 

1 11 tre t>•r 3 m.inutea. "'ater vas then added to the M.tmt!n 1n 

au!Aaured amount a.nd. a reoord1ng of' er,_Jotat1on eff1o1enay 

aacle each time. See table below tor the results. 

Seven 11 trea or fluid vaa agsin removed trom the rameri 

and. 200 o. o. 1ngeatA trom the abomaeua. Th~ aboJM.anm v1u1 then 

tilled. w1 th Z 11 trea vu. u.line, and the procedure again 

repeAted. 

Progreae1ve Rum1nAl Pilling. 

: •mount. pt x•ttr i.DtrP"PAIQ iptg CJWIP \tt Q· a. 
I 0 I &00 : 11500:2800 l 3&00 I~ I 5800: 6800: 7600 
I I I L I I I l I 
:: t : : : : : : 

Eruotntion ettl-l : : : 1 a : : t 
c1enoy; (aboaa-1 5 1 & : C : 5 : 5 t • : 3 1 3 : 0 
aua dralnec1) • : : 1 : : : : : 

1 l l l I I I I I 
I l l I I I : I I 

Eruot•t1on ett1•1 : : 1 1 : a 1 : 
clency; (aboma-1 : : 1 t 1 1 1 : 
IU. d1etende4 I 6 I 5 I 2 I 0 I - I - : - I - l -
~nth 2 11 tree aaf : & 1 : : : s 
llne. : I : l : l I I I 

l I I I ; ; I I I 

'fhe refJUlta ahow that eruo~Rt1on e1"t1cienoy 1a ill]>a1rec1 at a 

muoh lower level ot rua1nal t1111nr: when the abo•ama 1s d1e­

ten4e4, than ··•hen that orgn.n 1a empty. It is concluded that 

th11 etreot 1a due to the lnh1b1t1on or the r8t1culum And 

m1x1ng aovemente ot the rumen, whlah 1a oaueed. by ahonuu:;'tl 

d1stena1on. 

14/ .... 
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14. 

(L) (a) iP y1'J'Q gas torMAtlon bJ Jllxlng I'UJiinal an4 

abo•aal s.nse••· 

In order to ahow that pa toru.t1on S.n ~e abollaiiWI 

11 dependent on a ohe111cal r•otlon between tree aald an4 S.n 

the aboaaaua and al.ka11 ln the rwllnal S.ngee'- entering 1 t, 

the tollow1nc experS.aente were oonduotedl 

The aheep proY1ded Vith an aboaaaal t1atula, va• tea 
on lucerne hay e4 11)?. A' dltterent '1aea ... plea ot abollallal 

and rualnal S.ngee'-. ve• oolleo,e4. 'l'he pll ot eaoh IUIPl• waa 

deterll1ne4 S.•ecU.•'•lJ after w1 thd.Jianl, whereupon &0 ml. abo­

•••1 lngea._ wae plaee4 1n an Ehrlena&Jer tlaak. A oontrol 

nalk oont&ln1ng 10 al. d11t1lle4 water wae al10 pre-p&Jiled. 

Both nuke were arransed 1n a ,.,erba'th at 'J8°0 provided 

v1 th a aeOhanloal shaker. 00 Ill.. ot rwd.nal lnge•'• wae then 

a4d.e4 to eaoh nalk and eaoh nau then s.--.s.a,elJ oonneoted. 

to a wa 'er II&J\OIIetw w1 ~ an adjuetable ara eo th& t the nlue 

ot pa no1Ye4 eou14 be read at atlloapher1o preaRtJre eTfll'1 

t1Ye a1nute1 tor a per1ocl et halt an hour. '!'he naalta were 

oontlnouel)- lhakeJ'l 4ur1ng thla period. !he result• a-e ai•en 

1n the \able ~•lows 

: I : Totai uount ot t 'i'otal ~ount o? 
t I & gae 1n 30 llln. a sa• 1n 30 aln. ru~ 

Da'e IR•en JIUA'bollaeallruraiftlll and abo-tm1nal ingesta and. 

I t pH. tsaaal lngeata. &41st. wa'er pqnaQl * a I • I ;;_;;w• 
19/11/&11 6.9 I 3.0 I 46.0 I 10.0 

' t t & 21/lJI/611 1.8 I :5.2 I 3:5.0 I 11.26 
I I I : 

21/1H/61t 8.4 I 8.4 I 3&.2& I 4.78 
I I l I 

24/12/611 7.4 I 2.8 I 66.'16 I ~.6 
I I I t 

2'P/l.S/&1t 1.4 I 2.oi I 40.0 I 11.7& 
I I I I 

8'7/12/&lt 8.6 I 3.0 I 48.'16 I 10.'1& 
I t I S 

29/12/111 8.9 I 2.7 I 82.0 I 16.25 
t I I I 

7/ 1/621 8.1 t 2.3 I 70.6 I 28.& 
I I I I 

'1/ 1/12& 1.1 I 2.4 I 63.& I 18.0 
I I I t 

9/ 1/&81 7.0 I 2.8 I 11.0 t 18.6 
I I I I 

9/ 1/021 7.0 I 2.& I 89.0 I 29.26 

11/ ••• 
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15. 

~e resul's ahOw thAt the aaount or sa• formed de­

pends on the 41 tt'erenoe in ph between the rU111nal and aboma­

sal ingesta. s1noe exper1aenta have ehovn that biological 

tel'llentation oannot take plaoe at the pH usUAllJ' round 1n ~e 

aboaasua. it ia JuaU:t"ied. to oonolUde that pa to:ru.t1on in 

tbe aboaaaua ia easent1a117 due to a Ghem1oal reaction. 

(b) Oaa toJ'II&tion in the aboJU.&Uil ln JlJA experiaent. 

The aheep vi \h the aboaaaal and rwaJ.nal t1atulaa ted 

on lucerne h&J '4 118 vaa uaed. A reoording of normal eruc­

tation waa obt~t1ned. by the aetho4 4eacribed. 1n the text. 

Ket1oular motility vaa aiaul\aneoualy recorded with a balloon. 

lfhe pH of the abo .. aal 1ngeata waa 2 .o and ot the 

rum1nnl ingesta e .• ;200 oo. ot the latter ~• A4Juated to pH 

7. 2 in rt tro by actdin g aodi wa carbonate. Th1a -oun t o t 

rwa1nal 1ngeata wae then inJected tnto the abollaau. during 

reoordina. There vaa an 1•ed.1ate reduction in atrength and 
rate ot reticular and ruainal oon~aotione and m-uctAtion 

etf1o1enoy vaa 'll&rked.ly rec:tuoecl. When 200 oo. ot abomaaal 

1ngeata trom ano~er aheep adjuatect to the same pK aa that ot 
the uperiaental aheep ••• inJected into the abouaua no such 

etteot vas obsenecl. On another eooaaion 100 co. ruminal ln-

geeta of pH 7.rs wae 1nJeoted into the aboJU.8111l v1 th pR 2.2 an4 

eiallar though lea• marked reeul te were ob,unect. 

The result• lhow that ru.inal Mn4 ~et1oular motility 

and ooneequently eructation etf1olenoy, are .arkedly etrected 

by ohemloal gas formation in the abomaaua, eapec1a1.ly when 

large a110unta ot rum1.nal 1ngeatR sud.Clenly en,_. the abolll8.1111l 

and when th&· 41fferenoe 1n pR ot the 11\el!tlt& 11 p-eat. 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



16. 

(M) Data or 1nd1v1dua1 aheep &hawing oona1atenoy index 

or ~uminftl 1ngeeta oerore and atter feeding, typ~ of ingesta, 

degree ot bloat &nd cona'Wiption or green lucerne and water. 

'.rho type of lucerne ted during the 41tf'erent per1oda are A8 

to11owa: 

Period 25/6/6~ tl" 2/'7/02 - l'llllture atalky green luoerne 'd th 

srnp.ll lenves. 

Fer1o4 3/7/52 to 15/7/&2 - young orisp And suooulent ~een 

lucerne. 

Vay 18/'f/&~ - ._ ture atslk7 green lucerne. 

Period 17/7/62 to 2./7/12 - youne, or1wp and auoeu1ent green 

luoerne. 

ijhttit Hg. 4. 

Beto~• I Ati'er Pee4lng Oonsumptlon • • 
t uons1aten-: Gonaiaten;..: !J'pe o tlJegree of' Lucerne:t"Ater 
:qx 1rui''· lQJ 1QQel,. tip.:·ogt~:. 'jilgat. I ~'l"flliE4·' ml. 
: I I I I I 

25/8/&21 .S.O : 5.9 IV~t.r7 : Rll ~ 3200 t 0 
I I S I I I 

20/8/&2: 27.0 I A.l I 1 I 1 S 3D20 J 20 
I I : I : I 

27/8/&2: 30.o : o.e : • : • a 36'70 : 0 
I t I I t I 

28/6/521 39.0 l '7.& t 1 I " I 3490 I 90 
l I t : 1 I 

;:W:)/6/~: ~.,. 7 a 9.0 1 • a " : 36~ : o 
1/7/52; -62.o ! a.o i • : .. ! :5530 : 0 

t I I I : : 
2/7/&2: eo.o : 16.0 : • s • s - : -I l I I : & 
4/7/&21 21.0 I 20.0 I !hlolt l Marked I :5680 : 0 

I I I tena- I : I 
: : : t1oua s s c 
I I I tl-oth7: I t 
l I I : I 1 

&/'7/&21 10.2 : 21.0 I • t Slight I ~110 1 0 
I t 1 I I 1 

7/'7/&21 M.e I 14.& &Wat~ I Wll : 3000 : 100 
I I I & I I 

8/7/&21 10.0 I 12.& I tt I 1 t M80 : 0 
I I I I 1 1 

9/'1/821 33.1 I 24.0 I frothy: 811ght I 3910 1 20 
I I : eto.C I I 
: I I I I t 

10/7/&21 19.2 t 30.o a • , • : mao , 40 
I t I I I : 

11/'7/&2: 14.0 I 24.0 I " I 1 t 4:580 1 0 
I I t I C I 

12/'7/521 61.0 I 26.0 I • C 1 I 4710 t 0 
I ; I I, I I 

17/ ••• 
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17. 

@t'P Ng. i ( gqnt.) 

: ietore : Ai'-ter i'ee!rng • • ConBumpt1on. Date 
: ot: TJuoerne: a er 
agy 1n4QI· groml. I ml. - I 

: • : • 
16/7/621 5~.0 21.0 'trot.'lJ 4730 I 180 

I ' 1 eto. : : 
I : I I : 

16/7/62~ 81.0 : 12.6 : ':.r n. 'ery Mll • MOO • -• • 

' : ' • 1 • 
17/7/52: 75.0 : 37.& t1rothf tSUgh' I 3530 : (J 

I • I .,o. I I • 
I l t : : • • 

10/'1/&2: ~.o : 38.~ 1 • I Modertttet 3'790 : eo 
I I I I I : 

19/7/62: 4.~.5 I Je.~ : .. : Sligh' • 3880 : 220 • 
• : • • : I • • • 

21/7/62: &o.o • 3().r) t " : .. • 3870 : -• • 
: l • : • I • • 

22/?/52: 17.5 • 12.0 t \iaterJ • ~11 • 34.60 l -• • • 
s s : : t : 

23/7/52: 14.0 : 10.0 : • • .. • 3()00 I -• • 
I • • I • : • • • 

~4/7/&2: 60.0 • ao.o : )"rot.h.y : Model'"t:~ te: JB20 • • • -• • ' .,o. I • • • • • • • 1 : I I • 

llbii;Q lisa. ,, 
6il• 

• ::set ore ' After :t'ee41ng ' Date • Consumption. 
: Contt18ten-1 Cone1eten-: Type o : '1egrel! o • uoerne:Water • aa ~Dau lSi¥ i.D~II 12.DII1Sill ala•ii· I £lPAIIII.i Ill. 
: t I t : I 

28/&/62: 21.1 I 7.2 Ufatery : Nil • 2900 • 0 • • • : t 1 • : • • 
28/6/521 31.2 I 7.5 : • : .. I 3240 • 0 • : t I I I I 
27/&/621 30.8 I 6.2 I • 1 • l 3040 ' 100 

s I I ' I I 
28/6/681 46 • 7.8 I • 1 • I 3200 : 0 • s I : 1 l : 
30/1/&2: 30.2 I I I • • • I ~&10 ' 0 • • ' a • • t • • • 1/7/&2: - I 9.3 I I l .. : 2930 : 0 

: a I • : 1 • 
2/'1/521 ~.o : 9.0 : • t • I 4460 I 0 

1 I ' s : 1 
4/7/&21 60.0 I 33.8 t 'l'hlok I Bev~e • 38&0 • 0 • • : : ' tena- t : • • 1 • I oioua 1 t I • 

I : 1 frothJ: I 1 
I 1 : : : ' 6/7/52: 38.4 I eo.o : • : Marked. • 3480 • 0 • • I I • ~ : I • 

7/7/&21 82.15 t 39.1 I • : • : 3860 • 200 • 
I 1 I t : • • 8/7/52: 45.0 I 66.0 I • : • • 3880 t 40 • 
I I I I : : 

9/7/52: 45.0 I 15 :Water7 : M11 t ~S940 I 40 
l I I I I I 

18/ .... 
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18. 

qh~ag Bg. 2 Cggnt.) 

t 3efol'e I At,er t~!t;dlng • 
D"te. • Cone~t1on. 

I 'II~DK• I .. '~ &lQIIEI£1 I ' 1 conataten-1 :;one! tten-~ TTP• oft Degree oftLuoernelqAier 
I al 2.DACI• I gl 1-Dg.la I i2.Dii1UI i:Laar.. I itl.li•l ~. 

' I I I I I 

10/7/&21 70.0 ' 4&.0 I Thlok : Jla'l"ked I 4®0 I 40 

' t : ten~- : : • • 
& l ' o1oue s I I 
l l l f'rothJ& • : • 
I ' • I : t • 

11/7/&2: 36.5 l 60.0 I • : • : ~ao ' 40 • 
t I I : I l 

12/7/821 ?C·.O • 7&.0 f • • • • 4310 : 20 • • • 
I I l : • & • 

16/7/621 1(1.0 s 89.0 I " : • • 3800 I lfSO • 
: I I • • I • 

16/7/&21 75.0 : 10.0 I V~t~~trY: Nil l 1!410 l 220 
: & I • • & • • 

1?/?/~2: 8{i,0 I 1~.0 I Th1ok I Mnrked. • ~~~ • 0 • • 
I I I \ena- : : t 
I I • o1oua 1 • s • • 
: I • trot.'t7: l : 
I t ' • : : • 

18/7/621 M.O I 90.0 I • l • • 38~ I eo • 
I • s • • : • • t 

19/7/82~ 48.0 : 46,0 I • I 311~t I ~50 • .fa() • 
l • : • • : • • • 

~1/7/62: 60.0 : 37.6 : • l • I 28&0 I -I I : l : • • 
'a/7/&21 61,0 I 67.6 • • :Hodera.te • 2820 I -• • 

' I I l I • • 
23/7/521 30.0 I 60.0 • • I • I 2850 • -• • • : I : l I • 
24n1s2: 84.0 a 60.0 t .. s M:trked I 3370 : -• • l • ·' I I 

~a a; ma. ~. 

• HerorP : Aft•r te~ng ' Oat• • Conoumpt1on • • . , 
: ~~ong1sten-! Oon:"'lsten-~'r.y'"le o :uevee o t l.uoern~: ater 
I f.ll i E'l 1 QX 1aQ.& IJ.D.IIIMI lzlaas. I G:AII•I lila 
• : : ' t t • 

~/8/&8& 90.6 a 6.0 t Y:atery : N11 t 1910 I 300 
: I : I : : 

28/6/&21 62.& I 7.2 I .. 1 • • 1740 : 20 • 
l I I I • : . 

27/6/&2: m.s I &.0 I • s • s 1920 I 0 
: I : I t l 

28/8/&21 66.0 t 6.0 I • • : 1910 t 60 

aheep Jo. ;s w1 thdrsvn trom •XJ>or1ment - atter-?ted oper~~tt1on tor 

eftl1Yary t1atulae. 

HI •.. 
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19. 

~ ucnA1aten-l Oone1sten-l Type ofl.U~ltr•~ of; Lucernet Water 
__ ....Jl.JiALIY~1.D~.W.dsz.ox.._, ...llt..t.A;il.lX"'-..i~.ijQ.W5i.aiX16o&.·~'l•M~'ILisi.IJilll·a~i..,_.,wllr..1.wQaf!Jt.le ... , ...,j:~uw·;r~t1111m~s..,.~l-_•w•l.•·-

: ., : : ' : 
4/7/D2l - I 116.0 IFro'hJ t ~eYere : I 

: : : eta. t : J 
-

: : t ' ' 5/'1/52~ 51.0 159.0 : " : !<Rrked : 2080 I -
: Z I : : t 

7/7/521 115.0 : 146.2 C • 1 M t 1110 I 400 
: I : t f I 

8/7/52: \&0.0 : 380.0 t " : zevere t 1010 : 20 
: : : t : : 

9/?/02: 19tt.c : 111.0 : • : ::slt~:ht : 1~oo t eo 
: : : : ! : 

10/7/62: 17l.u : ~~10.0 : • : v:.,rked : F'lC : 100 
: : : : : : 

11/7/52: 75.0 : 104..0 : .. : .. : 1110 : 100 
• • 

12/7/52: 276."1 
• • 

• • 
• • 
• • 

• • t • • 

• • 
15/7/62: 150.t) • • 180.0 

1?..0 

30.0 

: 200 
• • 

16/?/52: 150.0 
l 

17/7/621 161.0 
l 

' lB/7/52: 1&6.0 
• • 

19/7/52: 1~.0 
• • 

21/7/62: 
t 

22/?/621 
l 

~J/7/61!1 
l 

24/7/521 
• • 

70.0 

43.0 

29.0 

30.0 

• • 

• • 

• • • • 
: 
• • 
• • • • 

' t 
l 

• I 

' I 
s 2U/7/62t 

: 
26/7/52: 45.0 I ____ ...... _[ ___ ....,. __ : 

90.0 

86.2 

60.0 

t:K.o 

~.o 

90.0 

66.0 

: 
:Prnthy 
: eto. 
I 
I • 
: 
: 
• • 
• • 

: 

' I 

' I 
• • 
l 
t 
: 
I 

• 
• 
.. 
• 

• 

ijheep Mg, I. 

• • 

: 
: 

._.,,. "'t .. -~ .. ·. 
• • 
• • 
• • 
• • 

:Wodermte : 
• • 
' ~11ght 
• • 

• • 
• • 
• • 

• • : 1610 
I 

• • • ~ 1820 
: 
• • : 2570 
: : 
tlfodet"ate : 
' : . .. ' 
: : 
t MA.rk.e4 t 
: 

3110 

-
-

• • 
• • 
: 
• • 
: 
• • 
: 
: 
: 
• • 
: 
t 
t 
I 
I 
I 
: 
: 
l 

• l 
I 

-
-
-
-
-
-
-
-
-

uate.: tse:rore : Atter tee::U.ng c 0 ti 
; ftNUPi· I {? bAW:Il. l Oftt!\Bil) ~-I -

• 
:d'ona1aten-J~ons1eten-STJpe otttJegree or:LuoernetWster 
iQJ lpatJ. lQJ ~OdiJ. J1ngtRjnt blpt$0 l S£QJH,J m}, 
: 1 : : a : 

2&/6/&21 &4.0 : 9.6 &Watery I 111 : 3000 l 0 
I I I : : t 

2e/8/e2: es.o : e.• : • : • s 3520 : 0 
I S : I I I 

27/6/62: 82.5 I 6.0 I 1 I • : 3880 t 0 
I I t I I I 

28/8/52: 61.8 : 6.2 : • t • 1 ~sa t 0 
I I l l t I 

~/&/52: 45.0 I 8.4 : • I I I 3630 J 0 
1 1 I I I 1 

8A J 
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20. 

§b~~~ Hp. ij (gpnt.). 

lJ te : Berore : After feeding t Gont:tumption. 
u. '; toftdi m~. ; U! hgurg L ; 

~ Ccns1aten•: OonB1aten-: Typ~ of: Ve~~t.€ c,f; T,uGerneUfater 
;ox 1nAQ ;gy 1ndfX. U.n&eat.Ai bJ.qat. ; tU•ma·• aJ. 

• • 
2/?/5';1: 

• • 
4/?/52: 

• • 
D/7/52: 

t 
7/'7 /5~: 

• • 
8/7/52: 

• • 
9/7/52: .. • 

10/7/02: 
l 

11/7/&2: 
: 

12/7/62: 
• • 

16/'1/&21 
l 

16/7/&2: 
: 

17/7/&~: 
: 
: 

18/7/&2: 
t 

19/7/52: 
: 

21/7/~2: 
I 
t 

22/7/02: 
t 

23/7/621 
t 

f-4./7/521 

·- l 

: 

5d.O 

6'1.0 

-'6.0 

:'58 •• 

54.0 

az.o 
oe.o 
50.0 

47.6 

66.0 

&2.0 

82.5 

7e.e 
50.0 

.a.o 

~.o 

• 

a •ax w•x. 
: 

26/8/fS21 
t 

28/&/521 
• • 

2'7.0 

27/8/~2: 39.0 
I 

28/6/~2: 39.0 
: 

30/6/62: 27.0 
I 

• • 
• • 
• • 
• • 
• • 
• • 

: 
• • 
• • 

: 

• • 
• • 

• • 
: 

' ' t 
l 
l 
I 

' 

19.2 

9.0 

14.0 

15.0 

~1.0 

•. a. o 
76.0 

57.6 

4~.0 

1?.5 

14.0 

60.0 

18.0 

16.0 

' 106.0 

' ' & 
& 

' ' ' I 

17.6 

16.0 

16.0 

• • 

" • 

.. 

• 

l 
t 
• .. 
• .. 

" 
.. 
.. 

• • 

: 
' 3380 

I : 
I 11 1 • 
1 l • • 
: Frnthy : ' .,c. t 

: 1.940 
: 

t 

' • • 
: 
• • 

• 
• 
• 

' .. 
: 
1 Pro-shy 
: -.to, 
I 
.~.t~ 
I 

' 'Frothy ' .,c. 
t 
tWa,.,.,. 

' ' . 
t 

• • 
L 

• • 

• • 
t Hr.rkec 
• • .. 

: 3320 
• • 
: 3'100 

: : 
I Mod.Wil'be I 4100 
: I 
l • :3940 
l 
l Nil 

: 
s 1980 
1 I 

I 
I 

H~trk ed. s 2980 
• • : : 

l>todet-1\t• : 3700 
1 I 
1 alight : 
: 

3610 

1790 : Marked : 
I 
: 
l Ml1 

' I 
: 
• • ..L 

• 
• 

• • 
: 3'100 
: 
: M90 
• • 
I :5980 
l 

• • 
l 
: 
I 
: 
: 
s 
I 

• : 
• • 

' : 
: 
: 
• • 
: 
I 
t 
s 
• • 
: 
t 
t 
: 
I 
I 

' : 
l 

' • • 
I 
a 
1 

0 

() 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

@ttp Jig. A, 

: 
I 
& 
: 
I 
I 
1 

7.8 

6.2 

12.0 

t II 1\ft~r eedinG 

• I 

• 
• 
• 
• 

• • 
l 
I 
t 
l 
: 
I 
l 

• l 
; 

.tf11 

.. 
• 
.. 
.. 

l ConaW!IPt1on. 
ot%Lucerne:~ater 

1 ill''· I N· 
: : 
l 2810 
l 
t ;)U(JQ 

l 
: J970 

: ~110 
I 
a ::5620 
I 

I 
& 
I 
• • 
I 
: 
: 

' 

0 

0 

0 

0 

I 0 
I 
21} ... 
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~1. 

wteep Hg. 0 { gg1-;t.). 

t : Hefore : After Paeding : Consumption. Dn e.J. tctd,inie l ( 2 hQqrql I 
: ;,;ons1eten-: Oons1aten-: TYPe ot:J.Jet;tree o:r: Luoerne: 'tRtar 
lg:r indy ; gy indg i tn,•catq: •. ':>}gat. I KJ'CW"·; .ml. 
l : : l 

l/7/52l 24.0 : 8.1 :iatery : M11 : 31CO : 0 
I : : : : : 

~/7/52: 2•.0 : 20.0 :111ght-: G11ght : 3000 : 0 
: : : 1y : : s 
: : : f'ro thy : : l 
: : I : ; : 

4/7/52: 45.9 : 69.~i : trothy : Marked : 1260 : 0 
: : : eto. : : : 
: : : : : t 

6/7/62: 22.4 : 84.0 : • : Jl1ght : 290 : 0 
• • • • 

,. 
• 

7/7/&2: 
• • 

fJ/'1 /5~& 
: 

~/7/52: 
• • 

10/7/52: 
: 

ll/7/52l 
• • 

12/7/52: 
• • 

15/7/52: 
: 

16/'l/52: 
c 

17/7/62: 
t 

18/7/52: 
• • 

19/7/02: 
: 
I 
: 

21/7/62: 
: 
I 

22/7/~2: 
t 

23/7/~2t 

25.0 

uo.o 

26.0 

25.0 

~.o 

41.6 

oo.o 
48.0 

:56.0 

~.o 

70.0 

• • 
: 

' I 
• • 
l 

' ' • 
• • 
• • 
• • 
• • . • 
• • 
• • 
• • • • • • 
• • 
• • : 
t 
: 
s 
I 

• • 
: 

I I 
24/'7/62: 30.0 : 

40.0 

~1.0 

45.0 

42.0 

30.0 

45,0 

75.0 

l~.o 

15.0 

11.2 

20.0 

62.5 

7&.0 

~.o 

42.0 

' • 
I 

' I 
• • 

' • • 
: 
l 
& 
: 
• • 

tt 

It 

• 
.. 
.. 

• • 
: 
• • 
: 
• • 
• • 

: 
: 
• • 
: 
: 

• • • • 

• 
.. 
.. 
.. 
ft 

.. 
: " :Mot!. erf'l te 
& t 
CW11ter;:r t N11 
• • • • 
• • • • • • • 
: • 
• • • • 

• 
• 

:Blight-& 1\111 
: 17 : 
&frothy: 
I : 
IF'rothy I Sl1t;ht 
: ete. : 
: : 
• • 
I 
• • 
: 
: 

• 
.. 
• 

• • 
: 
I 
: 
• • 

• 
• 
• 

: :3280 
• . 
: 3000 
• • 
: 4000 

• • 
0400 

: 3940 
• • 
: ·lWC 

: +tOO 

: .~~90 
: 
: 3680 
• • 

: 
I 3e4C 
: 
• • 
: 
: ~!SO 
• • 
• • 
• • 
: :1730 
• • 
: 3750 
• 

• • 
• • 

• • 

• • 
• • 

• • 
I 
: 
: 
• • 
: 
: 
I 
I 
: 
: 
: 
: 
: 
I 
: 
: 
: 
: 
s 
: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

--------·~--------~~------~1~- I . ___ ...... __ _ 
iitJ, !IT,) l'jQ I a~ • 

t t : f t ' 
2&/6/&2: 36.0 : 6.8 :Watery t N11 : 2680 a 0 

: t : : : s 
26/6/62: 30,0 l 6,4 f • t " I 3180 I 0 

I : : : : ' 
27/6/62: 54.0 : 6,4 s • : • a M20 1 o 

t : I : I t ·-·--· ...... -·-----·- __ . .._,-..... ,. 4·- _, ______ .._.·-·-~-·-·---- .. , ...... __ ...... ·~----··--
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·~·.) 

~-· 

~bi2TI Ng. a (gqnt.). 

: '>4•f"r-~ ~ Aft~ t~ed!ng 
uate.. ,.,. ·~ "' 

•• • 
• Con;;umntton. 

-
1 ono1 e';~n-r .1ft!"~1 ,.t-.l'!-t Type o : !Je(!ree o t A.,;ucernePr~ter 
lS'f tu~ex •• I,;Y indgz; :lp,i:--estr:: :~lg,t 1 .1. ,·;rr...,s t ;al, 
• • 

28/6/&2& 
: 

30/&/&~: 

• • 
2/7/52: 

• • 
<i/'1 /521 

' • 

• • 
?/7/52: . 

• 
d/7/tl2: . 

• 
J/?/~2: 

• • 
l0/7/52, 

' ll/7/52~ 

' l2/?/62l 
• • 

15/7/52~ 

I • 
16/7/52, 

• • 
l7/7/fl21 . 

• 
lG/7/~Zi . 

• 
l!?/7/L2; 

• • 
;:,l/7/52; 

l 
• • • • 

~2/7/52: 

l 
23/7/52: 

' • 
2~/7/52: 

51.0 

42.0 

23.4 

60.0 

54.0 

.u.o 
20.0 

36.0 

35.0 

-w.o 
30.0 

?9.4 

35.0 

4b.O 
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