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Ix the fir·st two papers which appeared under this serie.-; (::\Hinni::r and 
Quin, 1933, 1935), method,; were tl escribed whereby t he proee~s of 
deglutition and the closure of the oesophageal g-roove wa;: .-tudied in 
}Ierino sheep. Yarious sel ected suhstan<"es were oosed Oll to the 
back of the tongue of experimental animals ancl followed within 
short intervals by some i udi cn tor pm,·der such as red oxidl:' of 
mercury. All animals were slaugMered immecliately after dosing , 
and the forestomachs, abomas um and intestines operwd and examine<l 
for the presen<"e of the imlieator ptnnler. By t bis procedure con­
siderable information was gained as to the pe<·ulia ri ties of t he 
oesophag-eal g-roove reflex a nd the route followed hy materia ls in 
their pa!;8ag·e along the dige1<ti n • trad under Yarying ci rcumsta nee;;. 

In the t hird paper (Bes,.elaar and <-luiu. 19;Fl), ihe re;;ults \\·Pre 
uiscnssNl of E-Xperimental howel ana...:tomo~iR iu sheep . By t hi~ 
method , measurC>d lengths of either large or iimall inte:-<tine wen' 
excluded from huwtion thmug·h a short eircuitiug· of the bowel. 
This afforded a means of a ~R<'!ising the siguifif'all('t' of a decrea>'e in 
the digestiYr and absorptiYe surface t o general hody eco 11om:-·. 

A:; Yarious other aspeds of ruminant cligwd ion are also und<>r 
inYestigation. t he pre;,en t paper i.-; deYote(l main I ~· to a description 
of some further· experim ental method::; w·hi ch the author;; are 
adopting· in th e stud~· of this ...:uhjed. 

Dig-e~t i on in rumi11ant animal,; is admittedly a more eompli­
cat ed nnd m on• protracted proreR:; than that occurring in most o£ 
the other spec·ies of mammals, and ron;;equently our· knowledge in 
this respect is less c·omplete than tl1at roncemed with the digestion 
of mnn or dog-. Thut~, Yery litile is ns yet known ahout the tlegrpe 
and signific·;tn ce of the preclig-et~tion of foodstuffs oc·curring- within 
the forestomac·hs as a result of bacterial an d pos::; ihly other types o£ 
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fenuen tali on wht'll c·omp<II.L'd with the i rue digestion w hie· It follows in 
the abomasum a11u uppl'r level:,; of ihe smnll intesti ne. Similnrly 
little iR k11own about the adiYity of 11w digeiliin· juic·es :-;ecretecl 
front the true sloJuadl auct iut ... Rtir•c·s of ruminants in con1pariRon 
with those, for exa111ple, froJtL t bt> dog-, ali ho11g-h in n10st text hooks 
it is as:Wlttrd tlwt thr prol'esst>s nre identic:.~l. \\'ith regar·d to 1he 
fn nclnmruial far·tors COIH'('l'llf'cl in absorption frolll. and f'Xf·ret ion 
iuto lht• digestive tract of rliiUinauts our knowlNige is efJually 
in1·omplt>te. 

11 was for thf' ahoYe reason><, therefore, thnl Pxperim~>nls \Yell' 

dt>Yised primarily with tlw object. of obtaining a dearer in!-iight into 
the func·tiouing of ihe diftf'rerd !Hel~ of U1e dige.~tivf' trac·t of 
ruminants. For this purpose well-g-ro"·n, aclult, wdh!'l' ·Merino ;;lwep 
werf' ,;elrciecl in the majority of exp~>riments, although n h'" hnYines 
" ' l'l'(' also indwlC'd in some n.;pf>d~ of th<· wm k l'nrri!'<l out. 

A~ nn t'Xperimeufnl method, tlw exf~>n;;ivC' usc• of l1owel anrl 
salivary fistulat> was first introduced hy Padov i11 his dassil'nl work 
on clig-~stion which was c·ouductecl mai'nl :v in dog·~. By fbi ,; nwthod, 
Lc was able to gain an iusigbt into the various phnst's of dig-estion 
whic·h up till then had hren larg-ely ;;hronded in rnystt'Q'. 'l'o-da_v 
the fi;.;tnln method is well t>s tahlished as a means of iHYt.>st ig·;~ting 
the rligestiv£> frad , nlthnng-h it i s Rtill largely ('Onfinf'rl to suc-h 
n nimals ns the dog-. 'l'lms. in nuninants it 1H1s so fnr onl~· found 
limited applientwn eXCE'}Ji as n m<·ans of studying the motility of 
tl1e runwr. nud nthf>l' forestomach~. In such !'a.ses large open fistulae 
at·e u;,uall.v creatrd h_v uniting- the inc·ised rumen with th<' abdotuinal 
;;kiu inn flnnk operntion. Wester ( JH2G) exdusivel:• u~t'd th is mrthod 
in his " 'ell-known work on the moiilitv of the forestomac·h~ ancl lhP 
c-lo~me of th<• nf'sophageal g-rooYe in ctittle. LikewiRe clid S<'halk aud 
Amadon (1928) and also Bergman and Dukes (1926) utilizr this pro­
eeclure iu their rrsenn·hes. Her·ently, Krzywanek nncl (~uast ( 19!1G) . 
working- on shef•p, reported good rl'sults hy u sing the illlprowd 
<lo11hl~> nwthod of Brliggemann (Hn~>) as based 011 the original deYicr 
Sllg·g·pstecl hy 'Jfora (. 

A part from ilw above-!lleJJtiont>cl fistula m ethcHls, Yarious otlwr 
procf'durf';; have from time to tinlt' hel'n adopte1l. Thus ('zt'pn and 
Stig-lt> r (1929), working on g·oa!,;, followed the onward nwHilll'nl of 
c·on trn;;t lllixtu res i hrough thr fon•stom;l"hs an cl a homa:-m m hy mean,; 
of Biinlgl'n ray pl10tography. A :<imilnt· methc>d wa.~ <Hlopted hy 
'Jlagt•e (19!32) in hi;; studies. 

A thitd method which has found fann1r wi t h son1r workers 
c·onsi~ts in tl1e opening of the abdominal r·aYity of narcotised experi­
mental nnimals in a hath of sa liue 1ai;wd to hocl~· temperntme. This 
allows of a rlose visual insperlion of the bowel moYements n,; wl'll ns 
their recording by means of <·inematogrnphy. Thus far ~Iangold 
and Klf'in (1921), and more re('entl:v Duke.~ and Snmpson (19~7), 
nll working on sh eep . haw re('orc1ecJ lhe re.~ ult s obtained hy this 
procedure. 
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'l'he meth o1l adopted in our experiments consisted in the creation 
of · · do:-wrl " fistulae at Ya riou;; le>els of the d igesti ,.e tra cL 1n 
eontrast l·o f he '' open " fi st ula method as com rttonly used ou 
ruminant animals. For I hi s purpo;;e Yariou ::; types of cylindrical 
fistula I u bl'S, mounted with a fl a nge at one end, h:we been experi­
mertted "'ith, tht:' shape and s iz1· of the tube depending on wh~>lh~ r· it 
\\'as intended for use in tlw nrnr~>n. abomasum, small intestine or 
large in!Pstine. Of the rneta l tubes used, Loth lhl· aluminium, and 
the ch romiunr plated brass tu!.P!" pt·oved rather tlisappointing· since 
aftf>r hein~· in t ire ho~·d for sornP tinre, sloug hing freqtw n t ly followed 
con osion of the t ubes eilher uy tlw ucids or olkalis t'lnhorated in Lht> 
lrad. At other times, agai n , e lectrolysis would result in the 
depo.sitiort of materials at tbr inte rnal opening of the tube therehy 
blocking it up. Thus far the tuht' which bat> g iven d1e minimum 
amount of trouble, especially as used in the ru111en a rul caecum, is 
one turned up in a lathe from a eylindrical hlo1·k of ebonite ancl 
pro>iclecl with a '"ide flange at one end. :)uch tulws, not being sub­
jed to roll'osion a nd electrolysis, nre fo und to r emain in th eir propf>r 
position in the hody more or· l r~s indefinitely (sre photo ~o. 1-
ebouite tuhr on extreme right). For use in the rumen, a tuhe 
6 cnl. loug, with a bore of l···l c·n1. and a ci rcular Bange of 4 em. 
diameter, has so fnr given ver.\' ;;alisfactory r esult s. Corresponding!,\· 
smaller tube,; of the same pattern a re used in the ahonw~um and the 
1·aec um. For the small intesti ne. much narrower tubes are employed. 
these being· mounted with an O\'al hoat-shaped flange at one t>nd. 
In ench case a slig ht hollo\\'ing ou t of t he flange, thus presenting i t 
wi th a turned-up appearance , has heen found to he achantageous. 

Photo No. l.- llo11 Pl lbtula tuhPo. of cliff('fent t ,\'ph. 

l.~SERTWN OY TUE l<' JS'lTT.A TcBE INTO THE BowEL. 

During n pre-period of -l to u weeks, selected animal,; are penned 
off indi,-idually and kept on a constant ration of 360 grams crmhed 
yello\\' maize and 300 grams bay daily. All anima l, an· co mpletely 
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st arn'cl for '2-J--..J-8 hours prior to OlJt>rat ion, during which time !lJC 
abdominal sk in i,;; dipped and shaved. The left flank is thus deaned 
"hen a rulllPil fistula i:; to be in,;erlt'd. " ·heJt•as for all other iute:;tiuul 
fbtulae the right flank i~ utilisE>fl. Al,omnsal fistulae, howeYer, are 
hrought out in the mid Yeulral position about 8 <·m. posterior to the 
X i]lhoid <·:Htilage. 

[n ea1·h case gpueral n uae:;t h t>sia is i ud tll'eJ through slow i 11 t rn­
YPuous infusion nf HI p1•r c-ent. r•horal hydrate in saline, uan·nsis 
bei,,g suh,;Pqueutly maintainPd with light ether inhal:dioll, should 
this ht> ILI:'<·t>ssar_y. Full a,-,t>ptit [H~><·aution, are uh:wrYt> <l throughout 
thr opt>ratiou. whi<·h t OlllJJrise:-; a laparotor11y throug·h f'i lhe r Hank 
:1hom .-)<'Ill. lwhintl and parallel to thE> last riu excPpt in the 1·ase 
of :111 ahomasal fistula , Wht>rP a mid Ye11traJ OIJ!:'Ilillg· is l"t'SOl'ted to. 
For the tt•eatiou of a rumen fistu la the <l01·sal a ;;p ed of th e dorsa l 
nnninal sa t· is irn·ariahl~· st>leded. 'l'hi:-< part of ihe rumen. nfter 
ht•ill!.(" wit hth;I\Yll throug-h i he a hclum inal \HHJII rl as far a s possible, 
i -< finnly r·aug h t up in a pair of long c·urYed howt>l fon·ep~ gunrrletl 
"ith ruhlwr tubiug· on both limbs. F s i11g· Xo. l g-ut ou an e.yeless 
n eedle, <\Jl ontl purse sl1ing pattern is sutm·t•d through 1he musc-nlar 
byt" o f n --mall --rlPdc·d part or thP l"lllllinal \Y:Jll. SPP phnlo Xo . la. 

l'hotu :-.·<;. I ru).-Dia~rammnti<: ~ketdt of a >-tage in rn miual fistula operation. 

The ebonit t' tube, St (•rilised l1y boiling, is Jnounted with a :;hoH·t t-.tout 
pietc of rubber tuhing al it.~ thi11 e rHl prior to its in sertion iu the 
ru111cn. A -;hort ·dit i:; made through the r UWI'Il iu th e <: entre of 
t he purse string suture through " ·hi<:h the fl auge of the tube is then 
passed by slight stretr·h ing of the nuninal \Youn<l. Thi s is follo,~ecl 
h.,. iuYagiuahon o£ the lips and a tightening of the s uh n e. Usuall~· 
a ,.;('('"' '11 purse s tring suture i -: a ppliecl ju-;t aboYe the first. .\.ftt>r 
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that, the tree end of the I uhe i, pa:-secl throug-h a ~:.mall ,lit 111:nle in 
the omentum which in this"''"' i,.; 111ade to c·o,·er tlw ruruiual incision. 
NPxt., a point 0 11 the sbu i,.; ',.;c•lt'c·tetl hig-h up in the ;wgle formecl 
betwef'n tlw l:tst rib and tlw tran-;,·f'r,p JH'oc•e..,ses of the lnmha1 
wrtPhraP. A ,;tab wound i~:. madt- :lt t hi'i point iuto tilt' peritonpa\ 
cavity. lly 1neaus of two pairs of long· artery forn'p:. (Jas-;ed throug-h 
thi:- wound, the ruhher mounting on the fi,tula iuhe j, ,ec·urely 
gripped and the tube wilhcln111n through thP sinh ojwninl! iiS fa•· ;~-. 
po:-,ihle. This pnsure" a t·lo,.;p t·o•d:H·t ht>t \\PPn t hr n11neu .. ud thP 
parit>tal p~rilom•nm inJmt>diatf'ly arnuntl the Hallg'P of tht> tul;e. Thi' 
conlal'i i~ su h,.;rquently mainh1ined hy a t·ollar of t·olton wool tied 
down tightly round the lulw lwtll·t·('ll thP ruhher JJJounting and the 
skin. 'J'hi,.; i,.; followed by dosurf' of the la]Jarotolli,Y wound b.Y !luPt> 
layPrs of t·nntinuous gut ,.;utn J'(',.; Oil!' la~·er each fo1' the JwritoJJeUHI, 
mu,.;dp and skin re,.;pe!'liYt>i~. The on)_,. clrp~,;ing· ;lppliNl TO the fre-h 
wound j.., n thin film of colloclion -iodofoJJII. llt>a l ing- in pradit·all ,\· 
e,·pr_v iu ... ran<'P follow<; hy fir:-.t intent ion. .\ fil'lll c·in·ular adhe,ion 

Pl1oto Xo. 2.-Shet:'p with ' ' do-,E'-<1 .. rumiual fi<.tula. 

is lhert-IH· ('~tablishe(l round al,out tlw fi,..tuln tubP. usuallY no more 
than (i t:lll. in tliam!:'tf'r, uniting the nmwn. otll('ntum m{d pa1ietal 
peritollt'Ulll within a few dan. For the fir-..t threE' or· four clay, 
follo\\ i ng t hr operation. aninials a II:' U'iU;l II~· kept 011 a light dit>t of 
green fePtl aftp,· '' hir·h the\ nrt' innuecliatt'h rptumed to the standard 
lahOJator,\ Jation of lut·eJ:IH' ha,\ and nwi~l'. all animab beiu:.r feel 
and watt•t't•d incliYitlually in ,.ingle pPn'. ThE' tulw« are kept dospcJ 
h.v tight-fitting rubher stoppPr-; in•wrted into thP rubber mouu ting.., 
stn•lt· hed ovPr the ebonitP tube,;. Apnrt from p('riodi<· c-leaning· up 
of thP ont si<le of ihe tuhe, whil'h tlln.Y b(•(·unH' i-i li g htl,,· :<oiled, llv 
othl:'r attrntion is requirrd. Ruc-h tnhP,.. u,;uall~· rt>lllflin ill po.~iiiou 
fo r an indt>finite period. Thul" i-i<'Yt>ral -h!:'<'fl <·an·_,·ing tube~< £01 two 
years :mel over are inclucled in iht> Bot·k nf fi·dula nnimn1<;. (RC'e 
photos Xo". 2 aud :~.) Photo Xo. 4 j, that of a ho,·inf' "·ith an opeu 
ru rn i nul fi,_,t u la. 
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Photo Xo. ::I.-Sheep with closed a bomasal fistula. 

Photo Xo. 4.- Bo,· im• with open rumina! fistula. 

\\'it h reg-anl to the insertion of tubes into the inte:;tines. an 
essential!~· si milar technique is followed except for minor modifica­
tions. Thr intubation of the cnerum is g·enerally quite :-;;1tisfaetury, 
t he tuhe remaining- i11 position Yer~· w!:'ll. In the 1·nse of tbP small 
intestilH's. the wnlls of "·bich at!' rxt r·pmf'ly thin in sheep, only ;;mall 
tubes cm1 be aeeonunotlatel1. EYen so there i11 a tendenn· for snell 
tubes to ,;]oug-h some WPE'ks to ,;onw months after tlwir. inserlion, 
although ihe fi, tula opening in the ski u may remain patent much 
long-f'r. Fp to the present. hnwrn'r. our main ntteui ion has beeu 
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devoted to the study of rumen function aud henre to t he creation of 
rumen fistulae. All anilllals are weighed weekly and "~>e ig-ht eu rve1:1 
plotted. l•'rom these data and from the general appenrancf' of the 
animaLs, it may be ,.;tatf'tl without hesitation that the nutritional 
condition is in no way advpr·sely aftede(l by the presenee of the lube 
m the rumen. 

'J'hus far various asper-i s of nurwn function lrave been illvesti­
gated on a small tloek of lf) io 18 sheep with rnminal fi stulae . It i s 
no"· inteuderl to (lescribf' in some det;Jil the tec-hnique followe<l in the 
sttuly of Pal'il of ilre:>e pha~es . 

~a) /{ymogmphic Recordin.g of Ruminal .1/m ·ement. 

For this purpose the usual halloou aud tambour method was at 
first so modified as to allow easy registration at any selected pres<>ure 
level. Of the diffe r«.>nt balloons tried, the ordinary round or oval 
toy balloon, wi th a capaeity of GO c.c. ut 10 mm. Hg-. pressure, was 
fo1md to yield satiHfador~· rt>sult~<. One end of a 1!'.1 em. leng-th of 
thin glass tubing is inserted into the neck of lhc balloon and this 
securelv tied dowu on to the tube bY a strand of cotton. To allow 
insertion into the rumen, thf' detlatved balloon is fir'st rolled up so 
as to form a s rllall scroll whi ch , "·i th the help of a thin probe, ig 
then easily pulled throug-h the fistula tube. By gf'ntly blowing· into 
the g-lass tube attached to the balloon, the latter t hus becomes 
unfolded in the nllnen, inuuedintely belo\\' the flange of the fistula 
tube. 

Plwto No .. 3.- .·\pparatus for r ecord ing rumina! movements. 
lia llocn and tonometer method. 
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By lltt'au,; of a lt>ugth oi thi<·k-walletl rubber tuuiug, t he balloon 
i, lOnueded up ,,·ith a spring- tonnllleter mountell on a " ·ooden board. 
B.r u~ing ,nitahle 1 piece <'<liiiiP<·tions, this again is brought into 
<·omnttlll il'nt ion with a p1 p..;-;ure ltulh of tlw t~ lW u~ecl for in-flating 
tlw arm hand of a sph~·gnlolllanunteler. From hf're another length 
of rubber tuhing le:ul,; Oll to a ntt•mhrnne tambour moun ted with a 
su itable writing leYer so phll'ed a,; lo rpt·onl moYelllf>Jit:> on a slo\\' 
mo,·ing f·lot·k drum. (f:;pe photo ~n .• j.) 

By lllt'<1118 ot ih<' pressurt' hulh, tltt> "·hole sy,tem ean be iufla.ted 
to any ;:electNl pre::~sure le,·el a ,; indieated on the dial ot tl1t> touo· 
meter. Prom t•xpt•rien<·e g·ainecl, ;111 init.i;tl pres:>ure o£ 10 rum. llg. 
in tlw h;1lJoon antl other parts of tit(• H~l'ol'lling syr-tem \\'aS found to 
bt> suitable fo1· work on the l'UllH"ll, an<l hence thi:; standarJ adhered 
to throughout. At this pressure, the wholP 1ecording system i:' 
extn•mely .;;en,;itin•, E'\t'U minute respiratory changt>s beiug clearly 
regi~tered. ~I ort>o,·er, tht> adua l po:>i t i n• pre:;sure~ deYe loped in the 
rumen tmtlPr 'aryi11g- conditions eoulJ he a<'<'IIIntely followed. H.\' 
phH'ing the auirnal iu n spet'ially eonstruetl'tl nu:;h pen, continuous 
rPconli ug of mo\·emen b, eYeu over I he "'hole clay. l'ould be carried 
out, \\'ithout interference to the fet•tliug- or watering of the animal. 
Like"·ise, mon•ment~ from other part:> of the tlige,;tive trnet such as 
t hl' nbonwsum and the caecum could he rt>gistered through fistulae 
in t.he,;e organs and the use of slightly smaller balloons . As a routine 
measure all movements arP re(·orded ancl counted oYer periods of five 
minutes at a time, which for the sake of t·onvenience iR thuR regarded 
a, the unit of recording. In photo -xo. fi sperimf'n grnphs are shown 
<H nbtninf'tl hom tbe rumen. ahomasum ancl ('aeeum h.v this method. 

Photo i\o. 6.- Spec·ituet. g•·aplt~ of runwn. 
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By tht> a bove l,alloon llt t:> tlwd it i,.,, h owever, very difficult to 
obtaiu a dear insight iulo tlte maximal and minimal pressure:; 
developed with an organ such as the rumen . ~loreover sueh de lerlll i­
uat ions art> of im porl~tnc·e in a ::;! ucly of the gas pressure assoc iated 
with fNllll'Ulation. in whi('h , ei the r normal regurgitation of gu~ 
repcai edly takes place t hrough the m ou t h , or when disturberl may 
lea d to bloating-. Conseq uently il became necess:ny to improve the 
a bove 1t>ehn iqtH' so a,; to allow lhe a(·turute recordi ng· n o t on ly of 1he 
iudi1·idual rumiu nl t·ontrartions bnt especial!;\' al~o of the lim its of 
pressun• as~twint ed with ;lny c ha ng-e ei the r in ruminal tonus itself 
or that dut:> to tlw acnunulation 11f g-as within the organ . 

This improvement was achieveu by diseanriug in the first place 
the use of the balloon in the rumen. By coit neeling the apparntu::o 
directly tn the ntm<:>n fis tula through a shod pieee of g lass tubing, 
the rume11 itself wns ll O\\' macle to function as t h e balloon at t he one 
t>nd o£ the system. St'ein g· thnt the fistula luhe in every rase i;; so 
pl:wed thai it is '"ell a bove lht> inge~ta and water lewl in the l'llnH'n. 
nll changes in pressur<> a re arcnrat<:>ly reflected in t he rest of the 
recording apparaln:<. In no cnse is t ltere nny leakag-e of g-as r ouml 
about the exterior of the fistula tulH• ll'hen the fistu la wound itself 
i;; well h ealNl and llw flange o£ the tube dn11Yn up snugly against 
t he a btl om inal wall. 

Photo No. i .- lmpro,·rd uppn r·at11s fo r reco rdin~ nrrn inal nrovcnwut. 
\\'atrr manomet<'!' method. 

The secoml alteration made in llw apparatus IYHS to :;nbslitute 
·~ water m a no.meter. graduated iu tllillimeiers ( total capacity 220 c .t·. ) 
for the SJH' tng tonometer. H5· t he uile of a(·iJHLaterl waler 
(1 ~er _eent. HC'l + met hyl reel indicator ) in t h e m anometer, the 
posstbihty of son1e rum en ga~ dissoh·ing in it \\a,.; thl're lr~· olJ,·ia tt:>d. 
Photo Xo. 7 sh o\1·,:; thr improYrd apparalu~ fitted with tlw water 
manometer. lh· thi:-; mt>rhutl il lwca nte po:<,ible to r eo·istl'r in m inute 
drtail nll iltl' p:reHsut't> flu!'lnal ion~. eithe r 011 ihe po:;iJiw or nt'~ratiw 
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siue, occurrwg- within th e runw n. Also by subselllH'nlly chan ging 
the pressure in the manOJlleter to the required levels, parallel lin es 
r-ould be drawn on the drum :o u.s to record the lim its between whi ch 
rumi tl<tl pressnres hncl ;H·hwll.\· fludtwted. (See photo Xo. 8.) 

Photo ~~~ - .-:-;p~eim~n graph of rumen. 

One 11ol ice able feature ren .. a led by such graph<> i,-; the frequent 
oc<·m-rence of negative pres~ur·es within the l'liHH" Il of certa in animals . 
a more dt>tniled disr-u s:;ion of which will he ~6Ye!l in a suh"NJUPnt 
art ide. 

A.pllri from n~gi ~teJ ing- nor111al nuuinul nwn•ment, lhP above 
UtPthocl also allow.~ for a deh1ilt><l rerot·cliug- of the tonus re:wtion of 
unstr iated mu,wle of tht> dig-e~ti\·p trad (as rPJirPse nted h~· the tuuwn ) 
to n wich • vnriet~· of fa <"lor" .;twh <H food, <lrin k and act ion of drug-s 
ancl of her rhemieal su h'ta JH·e .... 

(b) Sampling of f'nntent s from tltr' n i.yr•stire Tract. 

ln :m_,. st udy on digP~Iin• fundion, the Pn~e 11·itl1 which portions 
of thP I'Ontrnts (·an he colledC'cl from di:fferpnt le,·els of the digestive 
had, <"Onstilule~ a Yer.v nlluahle me:m;; of im·E>s tigating tlw Yiinl 
rnoc·r;;ses inYoh-Pfl in tlH' disiniPgration anrl s ubsequent ahsorpbon 
nn<l re-exnc,lion of all tlla lerial,.; taken in Jl'' l' M. Sueh sampling i s 
rendily achif'ved throug·h fbtu laP in serted at suitahle lewis along- the 
tl ig-l'sti\'L' 1J·arl . .·\.ltlwugh in tlw prf'"le nt st udy, ing-e;;;tn t"ould 
l'PfWUil'dly hP drawu off front ,; twh reg-ion, a,; tlw rmnPn, nhomn,;uur, 
duodenu n1 , ilPum aud c·a~:>c·unl. attention has up till 11ow hee11 focnsst>tl 
mnin]_,. 011 ..;nnw aspetl s of the largP number of ph~·siolog-il'nl pro­
ce:>St'S oc·r· n~ring withi11 thP run•en. 

TiepPatetl collPdion of in).rC'sta from th e nmlt'll (photo No. !)) is 
ensil.Y r·arri ed out hy tlw iu,;t-rli on of a glnss iube t luoug-h the fisittln 
ope ning i11to the dPpth of the 1 nminal mass and aRpirating by lllouth 
the r equiretl amoun t of ing-e~>la into a ;,pln ~ h-hea<l hulh ;;itualetl in 
the centre of the sampling- tuhe. Photo Xn. 10 , bows the f'ollection 
of ing-e~tn from flH• nhollln-mm . 
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P luto Xo. !l.- C'oll<•etion of rumiunl ingt•sta b_,. a~piration. 

Photo Xo. 10.-Collection of ingesta from abomasum. 
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.From the ehemieal as pect, nuniual contents have t hus fa r been 
investigated in respec-t of moisture content 1·ariations, hydrogen ion 
('OtH:entJations 1111d buffer system , the breakdown of <liftert>ul cla,;:;es 
of carbohydralt•s in<'luding fibre, aud t he !:n.tbseqtt~>nt t•laboration of 
org-anic atids holh Yolaiile and non-volatile . 

~imultaueou,;ly with the n bon• i rn·esl igations. t he materinl fronr 
lhe ntmen has been subjected lo close tttirTO:scopit' examination hotlr 
of the bad€•riul Aoru and of the infusorial fuutw , t·ounb of whi c- h 
\'i'ere madP at r\'peatedl.\· short i n lerYal,;. Xo sig-niti ean l expt>ri111enlal 
IYork has, holl·p,·er, been undertaken thus far on t he C'ultiv<dion /11 
·citro and i he isolat ion of auy orga nis ms. 

Significant di:ftPt ence:;, ,,·hil'h will be (li scus;;ed in suh;;eqnPIII 
puhlit'atinns . have alrf'ady been uoted i n regar·d lo both the chemical 
a nd mit'rosc-opic aspeets hetween animals exi sting on an adequate 
le ,·el of nutrition a :; compared to others on n d eficient rliP1 . 

Photo No. ]I.- Apparat us for recor·dirtg total g~1 s volume' from rumen nt 
conbtant pressure. From side lube ~ampling of gas for analy;,i;,. 

(c) Sampli·ng and Hecordin _q of Ga.~ f rom Rv men. 

Seeing !hat the process of food disintegration "·ithin !he rumen 
is assoeiaterl prinraril~· with fe rmentation , ihe eontiuuouo; re<'ord iup: 
of Utf' total gas volume liberated. log-e ther " ·ith a u analy;;i;; of Rll!·h 

gas, furni s hes a ;;ignifirant indf'x a s to th e ratf' and nature of the 
fermpn1.ation oc(·UtTing at any giYeu 111oment. anrl 011 n particul:n 
type of di<'t. 
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A <·unYenieut apparatu-; , deYised for th e t:ouliuuous recording 
of J"lllllt'll gas, is shown iu pl10lo ~o. 11. )t is tompri ~ed ol" n 
lllaltOiltE'ler, on e li nd1 of whic·h c·oltsisls of :1 g- rndwd t•tl iuhP 1--12 <·111. 
lun g :111d 1, 130 c·.e. utpat·ity, lll ou ntL'd on to nn upright woodc•.11 sla11d. 
'l' IJj ~ t ubE' is (;Oll lleded l1y lllt'illlS of a Jt•llg-lh ol' ,; (out 111hlwr ( ubing­
(o a short ty l ind rital g- lnss J·estiTOir of wide bore, ~~l.~]JE:'Hded from 
a pul lc•,1' and capnhlr of Pxll•ll:;i,·p H(l :111<1 dow n IIIOYeJII PIII. Th e 
•nauo uH•Ie•· is fillc<l with t lu· rt>quisit e amount of 1 per n•ut. lf Cl 
c·ontai ni ng a little methyl 11-'d ns indi1·:lior. Th t> upper end ot tlw 
"T:tduatecl tube is ~.:o nu t•c·tpd tln·otwh a ll'Jt"·th of ruhher tuhin •r 
~l in-'t tl_y 011 to the J uminal fistula in ~-nH·h a lll~lllll'r that an~· chang~· 
of pres,.;urr " ·ithin lh <> rUIIH'Il E-ither dt-prt>Sst•s or eiE'Yalf's the t·tdllltlll 
o[ Huid withill t he g-racluntc•d tulw. n_,. I'OIItiuuou,.; ('Ollljlf'llsator,\' 
mui·P n!Pn( -; o f tlw t·.dindrit·;d •·p,.;f>J"Yoir. t he• l>I'P~sur<· of lhE' gas r·a n 
be kt> pl consta n t al ulmWi]Jh<·l it: JH'C'ti~lll'!'. ('onti nuous manon1eter 
rrading-s a rt> re!'onlt>d on•r periods ol' .-J tllinuh•;; nt a ti1ne . eac·h fi ,!rllre 
lwiug- plottt>d graph i<·all.'· as it j ,.; taken. In l his 11·ay it is fouu rl that 
a hiphnsic· pressun· Yariatiuu is frequentl_y Pnc·nuntert>d in tht• ntlllt'n 
t':<JH't·ially aftpr a pel iod of af'ii1·e ft>rlUent:dion . (!Jp pres,.;\IJ'P 11:"\\liiJl_Y 

O~!'i llatin /-!' lwhH•cn a definitt>ly positi1't> a nJ au equa lly dt>finitl'l ~· 
H<-'gntil'l-' pha;;e. This is ohviou,;ly <lue to th e f<1d that thf' Jll't';;:;t ll't' 
exprlc•d h.l' the gas within t hf' runwn i,.; clt>t Pnnin!'d not only by tlw 
spet>d and f'x tent of gns l'orntntion itself, hut larg·ely aho hy llw 
I'!'JH' ai<•d t·han ge,.; i n ton u:< of llw musctda!lll·r of tlw ruiiH' ll . lLPut·e a 
nt>gatin• gas JH'essure is ,.; how n " ·hE'nt'Y!' r th e nnn en JHt::;,t',.; into a 
ph aM· of passiYe relaxation. Hy plac·i ng the zero lin e :1 t a sui la hlP 
leY!'I. hoth phas~,.; !':111 lw ar·<·urately rel'onlerl on t he g rap h . 

l' holo :'\o. 12. - Collc!'tion of ~a~ from l'lllll<'n fo r <"lll?llli<·nf anai.1·~1S. 

For tht> colledion ancl an al yii is ot gas sam plPs, ;, T-pi<•c·t> with 
sidP lulw a nd stopc·cwk is introduc·Nl int o the system close to IIH· 
n11nina l fi;;tula. SamplPs of approximatf:'l ~· .-)() r·.t·. gas are coll t•r·h·tl 
in n ,..,uall, sper ially fitlt>1l. g-bss c·~· li n d t'r h~· cli-;phc·Pment of 1 pt>r 
tent. Tl(' l ~olut ion 1rilh 11·hi1·h lhe c ·~· lintler is fill <'d. (Set> photo 
Xo. 12.1 
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T he ga~ i:; :;ubsE>quently t rausferred into all e \·Hc·uatecl gas pipette, 
a nd the an ;tl~·si >' c·;nrif'cl o u l in :111 Or.-;,ct-Lunge g·a ,.; appn ral u:;. The 
c· hief c·oni[Wll f'Ht:-: of rtll llen g-a,; is c·arhon clioxi cle wh ic·h i:-: cletenui ned 
by absorp tion in KOH .-ol ufioJt and lllt't hnnt> ''"hic·h is ig-n ited elec·­
trieally in the pre,;eJH·e of oxyge11. 'l 'br pen·c'Jl bJl . .('l' m c•t lw ue pre;;ent 
is su hst>tjtletd ly l·nk nla ied hom the atnount of (' ( 12 fcll ll tetl trom it:-: 
l"OmhustioJl. (See ph oto Xo. J:q He~ides t hPsr t wo gnse:;, sm a ll r r 
amoun ts ol' h yd mgen, snlph ut'Pt1Pcl hychogPn, an d u it ri l" oxide may 
bt' l'JH·ocm it•red 11·ithin the t lltlle n . ~c·ei ug- t hat the proc:e:;;; in thP 
fo tt•!<IOtllac ·h,.; i,.; (:>s,.;ent ially of thP na.tnn• of a c·otd roll ed ;wid ferm en­
tation , wit ho u t ltllll" h PYidPIII"l' of actua l JHltH•IadiYe r·hanges, tJw 
fm·m ;ltion of Sll , a nd oth er eYi l -:-nnell i 11g g;t,;e:; i,; h pt clo11 n to m Pt'c' 
tnH·e,.; tllule r u orlllal l"on cli tions of cligt>:'t ion . 
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Pl1oto l\•J. 13. Chart 'hn11·in.;r fl u(·tuntions 111 nor11tal p:a~ ,·olnmes. 

(d) A.rl111inis/talio11 of .1/oterinls thrmty/1 Fisl11loe. 

A part from allmYing· Jor t],., t'<b~· c·olledion ot c·otd t-ll b, fi:;tuhw 
in thf' digest j, t> trac·l offer nnut lu>r g·1eat aclnluiage i n t hat a wide 
Y<triPl~· of matetiah; eitlwr 1 11 .;oliJ or 111 liqui d fnr llt may be ndminis­
lered t hrough s u l'h fi,;tu laP el i red ly i n to "' '-'" dP~irNl pari of i h !:' inw(. 
~urh im portant fndur ;; as rate of p a;;r;agc•, n atnl'e and speed of 
disintegration of a "ubstanl'e, clisappear nn ee throug h al Jsorption, 
cffed on !ligt•s t i n• t r ad or ani nwl a:; a wholE', may n 11 t h t>n be followed 
without much of thE> cl iffieult ie;; u:;nnlh· enc·ou ntPI'etl in ;;turlies of 
this type. . 
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~o far, again, attention has been focu :;::;ed mainly on tbe rumen. 
\Veighed amounts of substan ce:; suc h as s ugar or starch cnu be dosed 
through a g lass fu ntwl inserted into th e fistula tube as s hown in 
photo No. 14. 'l'he adnutage,; of this method a re that it obviates 
the necessity of first di~t'olving the material , frequently in larg·e 
amounts of water for dosiug· per os, or t hroug·h n tomach t ube . ::\l ore­
over. it en sures that all the matetia l iHunerliafeh· enteJs the rumen. 
thns excluding th e possibility of a portion being' swa llowed t hrough 
inio the abomasmn. By thest' means, sue h factors as the r ate and 
speed of ferntentaiion of d efinite c1uantitif's of the different fooustuft,; 
cau easily be studied. i n animab Pxisliug on different diets, an(! hence 
significan t data obtained i n regard to both the n ormal nHd abnormal 
predigestion of food in ruminants. 

Photo No . 14.- :\chr inistration of mnterinl> through fistu la directly into rume n. 

Similarl y the proces,; of (li ~ integration of (·omse matrrial:-t \1-it h in 
the rumen rm1 be followed oYer ail extended period of tim e . Thi s i~ 
achieYed by filling small c-ylindrical bags, made from u Yery t hin 
natural silk, with sample~ of the particular foodst uff to be te,.;l E>d . 
su ch as dry grain (whole, nush Pd or ~belled) or sh ort lengths of g-ras~ 
or bhaw (RE'e p hoto Xo. Fi). n~- attaching a thin str and of si lk to 
on e Pnd, the bag i,; th('ll inserted t hrough the fistula opening nnd 
kept suspended within the r umen hy t hiR str and of sill\ whi('h is fixt•d 
to the nutPr part of the I nl >e after clo;;ure of the external opening 
~·ith ih; usual rubber ('ork . (See photo Ko. 16.) B~· rPpeat.edly with­
drawing the bag· f rom t h e nnnen, and g·ent.ly washing it in running: 
t ap water, t h e contents of the bag rn n be examined either gTossl:v or 
a more rleta.il ecl microscopic study undertaken of t he l1i stologi cal 
clwnges taking- plnce within th e different plant tissues. Rub:'iequently 
t he same matrrinl can be re-introdnred into the rumen for a further 
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period of disintegration. Thi<.: method has al"o proYe(l of Yalue in 
•·omparing the acliYity of t he ru111iual flora wil It that encountered in 
other leYeb of the trar-t :<tu·h a-; the (·aec·um when t he sr1111e materials 
are ~Ui:iJlendf'<l t hroug-h fistulae i 11 ihe difff'reJit organs. 

Photo ~o. 15.- Filling of silk hngs with q rious food~tuffs. 

Photo No. 16.-Snspeusion of silk bags filled with foodstuffs within rumen. 
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1. The importanve i:; sl1 e~~l·d of a more intt•nsiYe ~ludy of 
digestion in ruminant animals, whose food, apnrt from b~>ing disin­
tegr<Jted by enzymC's liberated from the tlige;;iiw tn1d itself, is first 
of all subjeelecl to a predigestion, the significauc:e of whic·h is as .ret 
not fully l'f'f'ogni,.:ell. Through 1 h(;' action of a ,·aried and rich 
lmclerial Aoru acc·ompani(;'d by larg·e numbe rs of diftert>nt ,;pet·ie;; of 
infu><OJia, the foo<l nw::;;; is expo,.t•d to a eareht ll.v c·ontrolh·cl ferlll<?ll­
tntion oc·c•utTing· "·ithin the fore,.;loma<·h;; and ~imilar in lllaJt ,\' respect:> 
to that occurring in silage fermPutat ion. 

2 .. ln order io stud,,· I he di+Verenl stages in i he proc:es~ of <lip·es­
tion, the use of JWI'llla nent howl:'l fi;;tulal:' iu experimental animab 
has hE'e11 widely reHJri (;'<l to in t he past. and an aetount i~ g·in•n of 
some of the P::qwrimeithtl method;; whic·h lt a,·e lJPen usecl. 

3. An aecount is gi\ell of our I:'Xperimental teehni<[llf' \\'hic·h 
inYohes the use of Rl titnhle t>honilt• fist ula tuhes and tl1e crea tion of 
p<>rmnnr nt "dosf'tl '' fi~lul:w ut ditl'ete>nt lrYI:'ls of thl:' c1ig-esliYe tract 
of adult _.\ferino slwep. 

-L Tn rh is stucl\' attention has thus fnr hl:'l:'ll deYotetl lltainh· to 
some phenomena exhihited within the rumen nf nf\tula r;ht'l"p, i(ept 
on Yar·iou,; rontroll(;'!l diets. 

f). A method hn ~ beE'n dl:'vi:;ed whetl:'hy an~· JH'e,;surP change 
occurring- within the nnnen rould lw acTuratrly rt>conled on slow 
moYiug k~·mograph s and the limits of tl.ndnation in tlw motility of 
t his Ol'g'nlt l'l:'gisterecl uncll:'r Yaryinp· tonditions. 

(). 'fhP te<·hnique is <l~>snilwd whereby sample~ of ing-Pstu rould 
rep<'ntetlly he collede<l fr-om tht> rumen and subje('(pd hoth to ('hemical 
and hac·t€'riologieul ::;tu<ly. 

7. H5· the use of a large \\'<1l<>r ma nometer attal'heu to 1hE' rumen 
fistula, continuou;; Yolume reeorcling of gas from t lw rumen c·ould be 
t'ondude<l under eonstnnl pres::;ur<.'. T,ikt>wise 1·epeated sampling of 
gas for r.hemif'al :.111<1lysis could Aimultnneousl~- hi:' undertaken. 

~- ~Iclh•ICl s an' des!'ribecl wlwn•by differf'nt maleriab •·onld he 
u<lmiuilitE'red through the fistula opt>;Ji ng- dirertly into t lw I'UlllPll. 

By t>ndo::;in!2' small snmples of a ,·uriet;~· of foocls tufts within (•yliu­
llrieal b:1g;~ lll:=t(le hom 1 bin natural ..;ilk ancl suh:-1equently liHSJH n<ling­
the,.;r within thl:' food mns;; of the rumen, llw ratP at "·hit·h disin­
h:ogratinll tonk plnc-t· a~ also· it,.; nu ture, tould he follo\\'Pll mirro­
scopira lly-. 

ACJ\XO\\' l.l.;l)GllEXT . 

ln ('()ll('lusiou " '(:'wish to Pxpre,;s 0111' thnnks to ~h. H . n. l'art·n, 
University of s_,·dney. Australia. for t]Je plan of the sh eep ('f'llSh 

pen used in the fo1·eg-oiug E'Xperimt>nls. Likl:'wise, "1\·e wish to thank 
1fr. T. ~le.\·f'r for the photograph,; and )fr. C. G. " -al ker for t he 
drawings ann other illnstratiOll'i, al,;n )fe~;:srs. X. K. Gillham a!Jcl 
R.. J. Briel for nluahle assistatH't' in the c>xec·ution of tl1e experi­
menta I work. 
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