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STUDIES OM THE ALIMENTARY 'l'RAO'r OF THE MERINO SHEEP 

WITH SFEOIAL Ri;J'i!HEJlO:t 'rO 'i'HE ROLE OF THE RUMINAL 

.14ICROFAUNA Al~D FLORA. 

the process of digestion in the rumlnfillt &nlm&l 

enta1la the comb1nGd erteot& of aeohan1oal, phya1oal and 

ohem1cal tactora. !he meohanioal aapeot bAa reoei?ed due 

attention by numeroua worktre, e.g. Bergman and Dukea (1925), 

Yeater (1926), Alvares (192B), Seha.llr. and Amadon (1928), 

!rautmann and Schmitt (1933), Trautmann (1933), Briiggemann 

( 1935), Itrt:.TWanelt and Quut (l93c3), Quin and van der Wath 

(1938). Several othere haTe 4eaoribed the phJaiology ot the 

ruainant atomaoh and the motili t7 ot the rumen in great detail. 

The ohem1oal and pbtaical a1peota or d1~~etion in 

the toreatomaohs however, have not ret tully been elucidated, 

nor are th~ nroce1ses ot d1~et1on and ablorption in the 

abomaeum and 1nt~at1nee clearly understood. Aaaum~t1one are 

treelJ bued on what 1a known in regard to the hu..TUan being and 

animala with a1111ple et01l'!&.eh.JJ, e.g. the dog and the rat, but 

in the ruminant d1fterence• in anatom1eal 1truoture and in 

the tJr..e of d.iPt m$y ntc·dify or even oompletely alter the 

mode ot digestion. 

!he ohArnoter t)f the pre1igested food pasa1ng from 

the rumen to the abomasum .tmd 1ntest1nes is unknown. The 

prooeaee1 whereby oellulose is broken down and the nature ot 

1 ts products a till tol"'D! subjecto f:Jr speculation. !he moat 

important etructurfJJ. changes of the rumen 1ng~sta are due to 

the termentati ve D.Otion or en~ymes -preeent both 1n plante 

ingested and e~peoially also in the rioh microfauna and tlora 

1n the rumen. P'el"..ltentat1on 1n the true aenae ()f the word, 11 

a strictly anaerobic proceps asroe1ated with gaa production. 

Howe 11r.er I . ........ . 
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a. 

However, not all the proces~e• in the rumen e.g. the 

breakdown of cellulose may take nlaoe according to th11 

oonoe-ption. A oertain amount ot a1r 11 •wallowed by the 

animal during teeding and rum1na.t1on, so that the o2 tension 

w1 thin the rumen m3;7 show 4ef1n1 te tluotat1ons, ranging 

trom aerob1oe1e to almost eomnlete anaerobioe1a. !hie createe 

favoure.ble oend1 tions in the rumen tt:Jr the prol1tera:t1on 

of a ~eat Tariety" ot m1cr.o-orgs.n1ente, 1ncluCI..1ne m&n;r 

tpeciea of bacteria, pl"'tozoa, yeuta, tung1 and even 

apiroohaete•. 

Although the eomb1ned e..otion et all these org~.n1em1 11 

generally aooe~ted to be responsible for the disintegration 

ot the too4 subetanoea within the rumen, the role nl~ed by 

each trpe or grOut> 1n the breakdown of apeoif.io :rood 

aubtttanoes still requires explanation. !bua the role ot 

1ntueor1a 1n etarOb and celluloae digestion, although 

1ntena1velJ atu.d1ed b;y Stoker, SchUlz IUld Emmerson (1930), 

Westphal {1934), and 'l.'r1er (1936), hal not yet been clearl7 

aaeerta1ned. W1tb a v1ew to •bta1n1ng more 1n~Grm&t1on on 

the contribution or 1ntuaor1a to the digeation of starCh and 

oelluloae, the author planned aevel'al e]tper1menta in 'llhioh 

merino abeep with closed pe~nent rum1nal fistulae .. re 

u1ed. !h& f1rat obJect waa to determine whetner any 

oorrelat1on ex1eted betwe~Jn the ty'9ea and mtm.'ber of 1ntuaor1a 

and tbe diet of tbe animal. ?or this ~urpose fistula sheep 

were ted cl1 ttere nt baaal rations, and by a •r• tem of •up-ole­

mentation with staroh, the etfeota ot various changes in the 

diet on tne 1ntusoria1 were closely toll~d. Secondly, to 

•••••s the influence of infusoria on the digestion of 1taroh, 

the mod• and rate of staroh disintegration by 1ntuaoria wa1 

studied. thil wae effected by observing the tate ot starch 

granules 1ngeate4 b7 1ntuaor1a in the rumen. Ohem1oal 

determinations were also made to ascertain the rate or 

digestion/ ••...••••• 
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digestion of atarch 1n the rumen ot sheep nth their nomal 

infusorial population, aa compared with the rat~ of 

Ci.1ge&t1on 1n the same ani mala W1 thout 1n:rueor1a. A aim1lar 

experiment wae oonduot£d to deter~!ne the 1ntluenee ot 

1nftAsor1• on the tUgestion or c&lluloee 1n the rumen. 

A study or 1ntueor1a 1n ~oreet1cated animals 

oonf1neC'i. to ptu.;,eock.B or atE>.ble-s m,_y not be oomnarable to that 

ot an1ma.la under f!fit\Jr£\1 oond!t!.ons. 

Horeover, as 1t 1s known that infection With 

1ntusor1a ocoure tr~m moutt. to mouth, the species and number 

O't 1ntt.lSOr1t& in !"Umill~tnte !!1ft) pose1bl7 Tat'Y with ditferent 

hab1 te or gl"e.Zill{;. Oouee-q_uently a etu(1y of the 1ntusor1a in 

eheep on n&turt.l pasture as oompJP.N~ with et&lJle fe~ oond1-

t1ons and alco of ltild. s..nt~lOfl~tJ in their natu~l h:1b1t&t, 

clomor1eed a portion or th6 tJOl"k nnd~t·taken by the author. 

Differential oounta or the infusoria ~ere m~de, ae well aa 

total eounts, to deter:t~1ne the don11 ty ot the infusorial 

populations under- the above aontli t1on.s. 

Due to the l~rgs ~roport1on ot celluloa~ normally 

preeent in the d1st ot ruminants, and also to the faot that, 

aa tar .. is known, no cellulose splitting enzyme ia present, 

1n an, et the d1geat1Te secretions, these sn1mala haYe to 

rely lroT'gAly on the eymh1,t1o action ot m1oro-organ1•m• 

epeo1t1call7 oapable ot d1t1ntegrat1ng oellulo~e and other 

relate! tibroue materials. !b1• disintegration of food 

mater1alt ue1sta 1n th'! reduction ot bulk in the rumen, 

expoaee enorust~te~ foo1 uter1als., 11ke -ol'Ote't.ne and 

111nera~e, to d1geet1on, and aooelernt-:e th.e n!lru~•ge ot 

ingesta through the gastro-1nteat1:nA1 tr~ct. 'this in turn 

st1muisteA the appetite and inorea~ea oon8umytinn. Although 

Ke7er (1927) and Baker and Ma.rt1n (1938) han shown that 

ruminal/ •••••••••• 
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rum1nal b~teria penetrate into and rupture tne cellulose 

walls of plant t1eeuee, the influence ot th.e rumina! flon on 

the uegree ot eelluloee d1e-~t1on 1n the rumen hae not yet 

been defined. A8 oellulos~, p.?.t't:i.!)tllarl.T tl"At in. :~e. tuN 

grus 'field hay, 13 only n~.rt1~1l'Y d1.g.,stet1 by the r•ll'fl1nant., 

eorna factor or f';~tJtox'f. 1nflu~noi~~ tl1e Mgest!(;n ~f oelluloee 

are 90bably 1n Op·ll"Hti<'m. nr thfolSO m~y oo ~ent~.oned (1) the 

influenoa or l1t;tlit1oat.1on of tll~ pl~nt t.1acues Ml 1nd1oated 

·by Lou.. (1942), an~ (:?.) tha a'OOF.-noA of autf1~1~nt t"U.<llinal 

m1oro-orgh.n1sma to tn1sure maximal d1e1;.1tegr.;.t1 on of' the 

o•llulose in the I'Wllen. The lnport~nGe of the !~sf;narned 

factor WaQ 1n·\Te!tt1g~ted ln the oou-r~e of tl'd.a l!tudJ' 1n the 

following wa~:- T.he degr&e ot oellulo~a di~eet1~n in ebeep 

on a Jhl.tu:c'f: veld h~ dle't w:ee d.eterm:t;:,.~d by mesne of cellulose 

metabolism studlee. Atter eupple~ent~tlon of the veld ha, 

diet w1 th val'1&ble amounta of protein 3.l1d stareh, to augment 

the ba.,st&:rli.l populatil)n, the o.e~~ee ot cellulose digestion 

waa agulll U.•te:a:•:cilln.ad, eo ao t.J ~eert.E.:.in tho 1nfluf:nee ot 

th~ 1ncruased number ~r rt.tm1n~l bhoter18 t'n th~ o~ llulose 

d1gsat1on. 

Apart ft•om the 41&.re•t1on of cellulose, 1 t is 

logical to exnect that otl'J,er food eubst~oea in tJ1e rumen, 

e.g. su~aJ.•.:., et~ohee, pl"~Ott.1us e.nd tats, would S".ls" be 

att•oked and utilised b1 the rum1nal m1cro-organ1sma, wh1oh, 

ae l1v1ng oelle, are 1n oonstant nsed of various ~lcmenta 

essent1&l for tissu• ba1ld1~. Moraovwr, some of these 

aubstanoas, e.~·. a~ug~r~ an<J 1-'t!\Y"o'hee, m~ even be used in 

prete:reno~5 to oellu1G~:.e, Et~e1ng the>.. t (Jellulog~ 18 ot a more 
«, 

oon1pl~x e·troture and muoh !DOra 1n<!~~.~~st3'blfl (fla.m1lton, 1942). 

Ih view of the tact the:retoN, t.hr.t nonn~ d1~est1on in the 

ruminant is •~ closely associated with the maintenance of 

certain/ •••••••... 
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5. 

oertain desirable qual1 tiel in its rurjj.Dal. :nora and fauna, 

a more oomprehena1 'ft a tudy ot these organ1sma and their 

reqUirements wae considered essential. !nil it ~art1eularl7 

neeeaaar.y in Southern Atrioa where eeaaonal tluotuatione in 

the nutritiYe Talue of the Yeld are Yery aarked and Where 

det1o1eno1ea both in the quant1t7 and qual1t7 ot the food m8J 

be either seasonal or peraanent. A great deal ot work hu 

been done in J'egard to the requirements of pa~ogenio b$.oter1a 

(Bainbridge, 1911 and Kendall, 1922), but 11 ttle or no 

information la obtainable trom the 11 terature oonoerntng 

ruainal bacteria. In order to obtain information on the 

normal nutritional requirement• of the rum1nal flora, Tarious 

feeding triale "" carried out during which bacterial counts 

were made. Different ratios of carbohydrate and nitrogen 

were used to determine the ettect on the bacterial pOpulation. 

S1milarl7, al.ao, the influence ot mineral• on the rwninal 

flora wa.a determined to aoae extent. furthermore, a •tudJ 

••• JUde ot the t1P8• ot organism• reaponai ble tor the 

d1a1ntegrat1on ana. degradation ot atarch in sheep. 

Another upect of d1ge•t1on in the ruminant which 

thould not be Oftrlooked, ie the etteot ot pred1gett1on 1n 

the rumen on the later atagee or. d1geation in the abomaaum 

(or true stomach) and 1nteat1nea. In humans and 1n 

oarntrrorea, food 11 awallowed directly into the true atomach 

where 1 t 11 expoaed 1mmed1atel7 to pept1e-h7drOohlor1ca ao1d 

digestion, aimul tanecusl7 with aal1 Tar)" (ptJ'al1n) digestion. 

'the tood il prepared 1n tht ttomach tor further d1geet1on in 

the 1ntest1nea. Aa no enarmea are aeoreted either in the 

a ali Ya ot the ruminant ( Soheunert and '.l'rautmann, 1921) or 

trom tbe walll ot 1ta torestomaoba, digeation ot food 

entering/ •••••••..• 
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6. 

entering these compartment• oan proceed only by means ot 

en&y:mea contained elther within the plant t1aauea the .. elYea 

or thoae elaborated by the ruminal m1oro-orga.nisma. Onl7 

after thorough rumination, m~oerat1on and hydration do the 

t1neet food part1clea pa1s through from the rumen to the 

abomuum. lieanwh1le the fOodN.Sf 1n ths rumen is •x:Poaed to 

the aot1on ot Tariou. m1oro-or~n1am& 1n preparation for 

d1geat1on turther down the tract, wbere only very fine tood 

particle• are found. Should the larger coarse material be 

allowed to pass through onto the turraces of the r.bomatWB 

and intestines oo.ared b7 a ~r1 delio~te mucous m•mbrane, tbe 

d1geat1ve procee~ses in thee~ regione would probably 'be 

d1stuibed. !he s1gn11'1canoe of this pre_,.igeat!on ot food 1n 

the rumen on17 be~ome• apparent When one oomparea the 

phJaiea.l state of tbe 1ngea1ta 1n the different eomp~.rtmente 

ot the d1geat1n tract. u a :reault ot th1a predigestion, 

the tood entering the abomasum is in a more adTaneed s'ate ot 

digestion the.a 1a the e•e• 1n anime.ls w1 th simple stomache. 

In 'these apeo1ea the rood, although 1nea11'tate~, ia u 7et 

coJtpletelr undigeated when 1 t reaohes the atomaeh. However, 

the oonoentrat1on of b7droohlor1c acid in the gaatr1o juioe 

ot ruminants appears to be lees than in omnivorous and 

carn1voroua animals, (Groaaer, 1905, Ro!emann, 1907, and 

Belgowslt1, 1912), suggeeting that digestion in the aboiiUwa .. 
1taelt 1s less ett1oient than 1n the stomach ot the earn1Tore 

or omnivore. 'fhis, however,, mq be compensated tor !lgain b7 

predigestion 1n the rumen. 

ObserTat1one ~eently u.dot by the authO'!' han 

indicated that st&rah and oelluloae 1ntroduoed 1ntc the 

abomasum of the sheep art digested. roueh more slowly than 1n 

the rumen. Thus 1 t was found that finely oru.Bhed m&1$e 

part1olel eu1pended 1n 11lk bags in the rumen are d1ge•ted 

Within 48 hours, and oelluloat (maize bran) within titre days. 

S1m1larl7/ •••••••••• 
Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



7 .. 

Sim1l&rly, maize part1elea auspended directlr 1n the 

abomasum through an abomasal fietula. wa1 tou.nd to be eom­

pletelJ·d1gelted only after a neriod. of fiTe da7s, whilst 

br~n &bowed no visible a1gn1 ot digestion after 21 dA7a. It 

aeema thereton aa it pred1gtat1on in the 1"\llll&n a1gnit1oantl7 

aoa&l(tratee the d1gelt1on of toodaubatanoea, probabl;r through 

the agenc7 of ruminal m1oro-organ1ame. !hie aapeet of 

digestion aeema to have $Ona1der&ble importance and to be 

worthy ot ~~rther 1nveat1gat1on. untortunately, tor the 

J'U~oaea of the preaent atud7, inTeatigation of the chelll1oal 

prooeasea occurring within the rum~n could not be oar.r1e4 

further. 

Apart trom the process ot food dia1ntegrat1on 1n 

the forestomaohs, KcEJ.roy and Goss (1939) and Wegner et al 

(1940), have ahown tnat baoteria, in th• rumen ot oattle and 

aheep are capable of erntheaiaing tne Vita.in B complex. 

These investigator. proTed, therefore, that the ruminal 

m1oro-organ1ama could aupplJ their host with T1tam1n B 

ehould th11 be clet1c1ent in the d1et. The ab1li t1 ot ruaen 

1Uoro-organ1sme to ayntheaiae Vitamins, prompted the author 

to 1nnstigate the possible 8Jnthea1a ot an important at!ll.no 

aoid such aa oretine, which 1a indiapeneable tor growth 

(AbderbB.lden, E •. 1922) and of •1gnif1oance in the produot1on 

of wool and hAir. 

!he utilisation of non-protein-nitrogen b.r 

ruminants has been establllhld by eenral workers (Kart et 

al, 19.391 and Owen, 8m1th and 'fright, 1941), but th• 

mechanism of oonT&rs1on ot non-prote1n-D1trQgen, as contained 

in ur.a, into prote1n, 1a at1ll unexplained. In View of the 

taot that urea il an 1nexpenai ve aouroe of n1 trogen which eaa 

be uaed u a aubstitute tor -protein• in t1me1 of aoaro1tr, 

an attempt wu made to aaoertain the innuenoe ot the 

ruminal bacteria on urea introduced into the ruaen. For 

tbii!J/ •••••••••• 
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e. 
thia purf~ee, exp~r1ments wera t1ret oondueted 1n v1tro to 

study the ohemioal effects following the 1ntroduot1on of 

area into fresh ru.mina.l ingesta. incubate& Md kept 1n 

oont1n1.1oua to-a.n.d-fro movement.. At the a6.me time bftoter1u 

counts were ma.de to detf9 rmin411l whethar til•rs w&e an &b!olute 

1noreue 1n bacteria due tG the addl t1on of nor~.-prote1n­

n1trog~n. On the reaulta of these prel1m1r~r.y e~per1mente 

:turther ex-perimentation with iih6l•p wu pl«.n.ned. L~ti:.bOlJ,aa 

exper1mente wer9 o•..rried out tl'i determlne wheti,er t.t~• 

obeerved increase in rwn1n&.l b&ote.ris. &~ & risul t of am1d.e­

feed1ng could be oorr,l•ted witn the ~t111sat1on ~f the amide 

by the animals o%" not. 

This briar l•Qf&l'f.fnce tv e:orJ.e ot tho tn.o.m .rnA 

unknown upeclis of rwa.l.nal bioloto;Y and bivoheln1gtl'"y, suggtt8tl 

an 1ruiJOrte-.nt tox·m of tJymuiosl.s bet,..&en. host ano rn.1cl•o­

argan1sms. •,fi.;.e i.!wplie&tions of t:u1s ~rotlera, pc.:.:~. .. t::..c11ltl.rly 111 

re:1gard to ;_.J.""~actio~"Al ttoouou.ll.o t13ocll u.g of' cJomestio ~took haTe 

stimulated the auU1~r to ~ttampt &n &luo1dation ot ~Om$ ot 

the d1geat1ve and iiaynthet1o funotiona of thece micro­

urganiema and their z·~l£t1oalilh1p to tb~ boot ·animal. 

'lhe ohe-Qti.cri.l uate. wa8 c"bta1ned w1 tll th·! c'C-opera.t1on 

ot colleagues fx•(lw the D&part&Va1t o! Ohem1stey. 

fne l1ter&.tuN referrE-d tc 1n th~ae studi~o::s 1a 

not caecussed oolltot1 v•11, tut •~ptu·ately nth 64.ch section 

of the weirk. u d~alt. l.1tb. :Ih1& n:r·l'ii.ngiitent, it ls bop&d, 

will austet the rtJQ(}eJ.• to oorr•iil.&tE: the Nlevant li t:a~ture 

with the researches Q4t;ually rsa1~·1c-d out. 

!I. TECHNI QJlE .~!!~_l!ETHOii§ Ea!F WYED. 

(1) ~~1on or m&t6r~. 
(a) Rumlnal tuunplc~ for the counting of 

(1) Infusoria, 

(11) ~#oteria. 

for/ ••••••• 
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For tha "')l.t:rnoaea Of this atu<t.,. merino ahee, w1 th 

close~ ~ermanent ~min~l fistulae were used, ae deser1bed by 

~u1n, van der Wath and Mybur$ (1039). In some cases 

m*te~1a1 was withdrawn by stomach tube or oollected at post­

mo~tem, 1~med1ately aft•r killing. Previou• worke~ on th1e 

subjeet •·P:?4Nntly h1:t'i., •m-oloyed. one ot the tour methoda 

bt9lOW: 

1. Matert&l w1tbdra.wn fl-o'l'll t.h& ru'lften by etoma.eh tube. 

2. Mate~1&1 obtained at &batto1ra. 

3. Cultures tn Yitro (Westnhal, 1934). 

4 ~ D1gea t1or~ tr1 e.ls ( Reok.ar, aohuls and Ertl!'~Non. 1930). 

Cur methode ot sitministrs..t1on of mat•r111.11 and the 

eollect1on f)f s!!.r.mles throu~. the fistulae pJ'elltl;r t&e111 tated 

the work 11ntt all~d. some elr')ert~nts to be carried out 1n a 

novf;l 'fii!..:J'• 

Re-ptJatod collection of ingesta from the l"'lll'.len wu 

Oll'lM"ied out b:r the 1ll.8ert1on of a glt:.se tubA of half inch 

dia.meter throup,Js tho t1stula ~»uening into the dft"9th ot the 

... u!J'l1ne.1 '-n!Mim, and a.sni r-ating by mouth the ~~ired amt)unt ot 

1ngt:sta. 'l'o the outer end. of the glass tube w&s !&ttf\.ohed a 

p1•o• of rub~r tubin~ of slightly Bmaller oalibre, to 

fec111 tate atn1rat1on.. mtere ahe$n h'd to be ke-ot on 

natural ?aetul"'l'l.f.• under eondi t1on.s un.:r •. Yourable for !!n1mal• 

oarrying a t'Umin!tl fistula, tl'le sam..,l1n.g Y!!S don9 by mean11 

of a stcmtteh tu'bft. '!he, tube waa lightly oiled ~.ml the end 

ine~rte~ ,.nttl the ru-men nlu~d w1 th A small J'l':)dget ot 

cotton wool to exclude the entry ot any mucuR or e~liva 

encountered in p&seing down. When well into the r~en maas, 

th.e pledget w~! •xpell~d ·by bJ.onne: 1 t out. &y subsequent 

&gp1rat10ll, :M1nt1nal eont~nts O·,Uld then ba obtait1ed ritb.Out 

tli tf1ou.1 ty. 

~'~•rial eGlleoted at poet mortem waft usuallJ taken 

immed1ately Aftzr slnughter and treated without delay 10 as 

to/ . ........ . 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



10. 

to prtvertt further und.esire.ble pC)~tt mortem changets. 

ADtaUISTHJtTION OF FOOD8TUFF3. 

A~art f~m allowing tor the easy collection or 
rumen oontenta, the tlstuJ.a method. wtuJ also extensi-vely ueed 

for the e.dm1n1etration, directly ,lnto the rumen, of -var1oue 

substanoes either in po1-itr ~r- liquid form. '!'he metb·:)d ot 

SJ',m1n1.ster1 np; Pl~.ta:M r.l !.\er o~ hac the diaadva.ntage tb.A.t, 

1r.Bte~d or p~RA1ng tnto th~ rumGn, some or all of it may 

pe.ee into the s.boms.aum (VI' a teon, 1~41). ~h1..ts in the experiment a 

earr1etl. out, mat..,rials suoh u starch. or maize meal were 

chaken up with anou~~ wa.ter to m:..ke 1 t flow e&.sily and then 

poured with a funr.al througn t.b.e 1'1stul.:.. tube. Furth$rmore, 

$mall sal!l~leg ot r~olld. material, cuoh e.e mai.r.e kernels, could 

be exoosed to rum1nal d~gestion £nd withdrawn st will. These 

were auspenned 1n tnu rumen 1n thin n~tural silk b~~~ 

~pprox1~atsly on~ ocnttmetar 1n width and three to five 

oent1meter8 in length. Saveral of the~e bags oould be linked 

up to eaeh other in a row. Thil baKs were attached to a 

llurgi!"rlll 8ilk thread .md after 1naert1n@:· them throu,:;b the 

fistula opening, the atr&nd of sllk was fixed to the outer 
I 

par-t of the tube, s.nd the cork rwl'>l&cedtn the usual manner. 

In this ~-Y th~ material w•s actuallr euapended 1n the ruminal 

mCJst~ end StlbJeete~ to l11geet1an e..nt'l rum1n&l movement& but not 

tf' r'\l.Jfli ttPti~n. The small& at mesh size of the nature.l •1lk 

be.g 11t8S found to be 74:. 5;?( X 149 . ./( vib1lst the la.rgeet WU 

28~ .. 1 '(_x 298 '{ • 'rhe average being 1-t-9.4(_ x 20 4(_. 1bus 

llicro-organisms in the rumen had free uoeae to the oontente 

1n thf< bags. It .1;; noteworthy thr.t bage made o:t cotton, 

art1t1o1Rl t;j.lk etc., could not be ue.ed &a these were soon 

d1g~tite.d in ~".le !'ttzr..an. 

( 1 ) OOU}!TI NG OF 'I NJ'Uf\ORIA. ------ ---
All sheep we~ ~nsed with 2.5 11tre8 or tapwater 

thrnugb the f1stule. d.i•ly at 2 p.ru. so as to keep the intake 

of/ ••••.••••• 
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of water constant. Material for infusorial counts were 

always withdrawn at 9 a.m. into 50 oc. glass tubes and 

placed in ice water to stop fermentation and break the troth 

When this was achieved the material was shaken vigorously 

for a moment to mix it properly. One cubic centimeter-was 

then sucked u~ into a wide-mouthed 2 cc. pipette. This 

ingesta was then added to 7 or 8 oc. of corrosive-sublimate-· 

alcohol fixative and, after washing with alcohol-iodine and 

7o% alcohol, it was stained with borax-carmine. The stained 

material was suanended in 3 cc. oil of cloves in which it 

oan be kept for years. After diluting the total amount of 

stained infusoria 10 or 100 times in oil of cloves, a drOp of 

known volume from a capillary pipette was placed on a glass 

slide and covered with a oove~l1p. The total number of 

infusoria (i.e. under the coverslip) was counted, from which 

the number of infusoria pe~ cubic millimetre of ingesta was 

then calculated. Duplicate counts were made. The mean error 

was 5.4~ which could not affect the results significantly. 

Material from antelOpes was always collected 

immediately after the animal was shot. Exce~ting in the case 

or the browsers, there was very little or no froth as a 

rule, so that the one cc. sample was fixed immediately. 

There being no ice available under field conditions, the 

ingesta could not be chilled, and for this reason, collection 

of material from browsers with frothy rumen ingee ta, was 

always deferred for half an hour er so after the rumen was 

opened to allow the troth to subside. 

(ii) COUNTING OF BACTERIA. 

In counting the rum1nal bacteria, total counts 

were made throughout and always at the same time of the day 

in relation to feeding and watering, so as to eliminate 

dilution factors as much as possible. Water was removed as 
I 

a/ ......... • 
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a rule from the metabolism boxes or orates of sheep at 6.15 

a.m. daily, and material for counts withdra~n ~t 10 a.m. 

before tedding. Sheep used 1n these experiments were fed at 

10 a.m. and 2 p.m. and inTariably had consumed the food 

given to th~m early during the same evening, so that the 

material for counts was withdrawn usually arynroximately 12 

hours after oomoletion of feeding. 

These counts are of course no.t necee es.rily true 

total counts, since an unknown percentage of organisms 

penetrate into or become s.bsorbe~. to food particles. The 

total count am given must, therefore, be considered always as 

being less than the true count would ·ee. These organisms 

which cannot be counted oan, however, be considered to 

remain more or less constant in number under uniform cor~i­

tione, i.e. the animals were always fed and material withdra"!!'n 

for counting at the same times of the day. It ce.n rea.et>nably 

be assumed therefore, that the error would remain a~:nroxi­

mately the same from day to day on the sRme ration. In 

examining food particles and ruminal fluid microsconioally 

after fixation and staining for bacteria, it 1~ seen that 

only a very small proportion of the organisms is not counted, 

due to intimate relationship with food particles. 

In attempting to evolve a technique for tbe 

counting· of ruminal baoteris, several difficulties heA to be 

• overcome, firstly, the method to be employed, seconrny, the 

most effeotiYe fixative and stain, and thirdly, the beet 

time to make the counts eo as to obtain most uniform results. 

The last mentioned ~oint has been discussed above. 

It was realised at the outset that the plating 

and Wright's methods could not be em~loyed. In nlating 

rumen/ ••••••..•• 
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rumen contents the mediu~ usually becomea so overgrown by 

various baoter1a and fungi, that 1 t beoornee imnosai_ble to 

d1et1nguieh colonies. Selective media were also tried, but 

without success. 

~ight 1 s method, in its simnlified form, consists 

in mixing measured quantities (ueually equal volumes) of the 

fl Ui.d to be eY.amined. -w1 th normal humen blood. Film pre9ara­

t1ons of this mixture are made and suitably stained. B,y 

ascertaining the ratio of red oells to bscteri& in a number 

of miorosoop1c fields an eet1~at1on of the ~~cter1~1 count ~ 

o bta1ned.. According to Leie:h"fle.n ( 1910) re3u.l ts with this 

method a~e not consistent, and errors of 50-100 per oent. 

may occur. 

The enumeration of b&cteri~ (for the nurnoses ot 

standardising bacterial emulsions for vaccines) 1n a haemor­

cytome-t~r chamber, w::::.s suggested by Mallory and Homar Wright 

(1908). They employed a well 0.02 mm. deep, an ontically 

plane covere-lip, s. 1/16 inch dry lens and no s tainlng fluid. 

In 1909 Leith Murray likewise used an ordinary Thoma-Zeies 

haemocytometsr with a well 0.1 mm. deen, an ordinary cover­

ali~~ a 1/12 oil immersion lens ~d a staining solution of 

weak. Giemsa. 

For the purposes of this work, the author selected 

a Petroff-H&user bacterial counting chamber, which has a 

well 0.02 mm. d_eep. This chs.mbl3r has a reinforced. nreois1on 

coverslip, optically nlane and 0.18 mm. th1ok. The 

apparatus C!an be used w1 th ~.a.rk and bright field. illumination 

and ie sui table for all achromatic 011 1miDersion len'3.es as 

well as dry lenses. J'urthe~ advantages are (Glynn, Powell 

et al, 1913) that almo~t all the bacteria settle to the 

bottom of the cha~ber 1n five to ten minutes, when accurate 

counts can be made. Bacteria adhering to the under surface 

ot / ••••...... 
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of the coverslip, and any still floating in the oharnber, 

are e~~ily enumerated. The outical definition of the 

ba.cteria is good owing to the smP~l quantity of fluid. 

After trying out several stains and methods of 

killing the bacteria susuended ln the r-urnina.l fluid, a five 

ner oent. oarbolio solution, or 30 uer cent hydrogen peroxide 

was found to be moat suitable, although not entirely 

effecti Vfl, probe.bly due to the g:ree,t variety of organisms 

preeent. 

Fl"esh. rumen ingesta hae lJ. definite d1scoloris1ng 

action on stRins, and unless ~1e concentration is increased, 

several times beyond that required for ordinary bacterial 

emula1one, the stain is reduced to auoh an extent that it 

loees ita et~ining oower almost completely. A furthfJr point 

that had to be considered WI.UJ. the faot that staining is most 

effeoti ve trhen a stain 1s eo u~ed tbe. t 1 ts hydrOf;en ion 

concentration iP oh!.ll.ngetod ftE! little ~s possible ao that the 

stll1n is allowed to act et the pH where it stsinB best. Thus 

a stain 'flhioh would be effective at a pH of appr·oxitne.tely 

6.8 to 7.2 haC!. to be sought. For thif purpose nilel;lue­

aul~he.te in e. one per cent concentration was found to be 

most sui teble. If a stronger concentration is usee:. th~ 

organism~ are 1ncl1ned to elumo. After considerable exueri-
• 

mentation, the following routine methoc. was adopted in 

preparing mat~rial for counting:-

Rum1na.l 1ngee ta is w1 thdrawn into a. sterilised 

glase tube and chilled tor fifte$n to thirty minutes in ioe 

oold water, ~o as to ~top fermentation- s.nd break the froth. 

After th1e the tube is shaken for a few seconds to mix the 

material, and one oubio centimeter of it is dr~wn into a 

Wi<J.e-mouthed 2 oo. pi:!)ette. This i! run into a !mrdl 3 oc. 

glass/ •••••••••• 
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gla1s tube with stopper. To this 0.25 oc. or a 5% oarbolio 

aoid solution, or 30~ hydrogen ~eroxide is added. !he 

mixture is atirred with a thin glass rod and then allowed to 

stand for one hour. After this 0.3 co. of n1lebluesulphate 

is added and the mixture well stirred. After staining for an 
/ hour 1 co. of~he atained material is pipetted off and 

mixed with 257 eo. of sterilised distilled water, the 

pipette being washed out well in this water. In thie way a 

dilution of 1 in 400 is obtained (Ieser, 1923), which waA 

round to be the most suitable dilution for ordinary count•. 

When bacterial populations were low the dilution was reduced 

to 1 in 200. Unstained bacteria can be counted in a similar 

way, but it was found that by staining, eyestrain was much 

reduced and acourao7 increased. 

After the final dilution is made the suspension 

is allowed to stand for two minutes so as to allow the 

ooarser material to settle. With a Thoma-Zeiss pipette a 

drop of the emulsion is allowed to pass under the coverslip 

by capillary attraction. The counting chamber is then placed 

in position on a level microscopic stage and allowed to 

stand for five minutes in order to allow the bacteria to 

settle. Ten blooks of nine small squares are then counted, 

giving the total number of bacteria in 90 squares. The volume 

of each square being .oooa cubic mm., the total volume is 

.072 cubic mm. If N m total number of organisms in .072 

cubic mm., then w1 th a dilution of 1 in 400 there would be 

4QO N organisms in .072 cubic mm. Thus in one oubic mm. 

there would be 400 N organisms. If the number of bacteria in 
.o72 

90 small square~ is known, ·the total number per cubic mm. 

oould thus be calculated by multinlying with 400 for a - .tm 
dilution of 1 in 400 or 200 for a dilution of 1 in 200·and 

• ()'72' 
so I .. ....... . 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



16. 

so forth. 

The exnerimental error involved in this technique 

does not exceed. 4.8 per cent. B,s calculated etatiatioe.lly 

from a number of obeervet1one. 

Throughout the inve~tigation! Zeiee Huygens Oculars 

7 X and a Zeiee Aohromete 40 X dry len~ t.rere used, vri th 

excellent results. 

(b) COLLECTION OF FAECES AND lT"1.I~ FOR Ct.fEWICP-L ANALYSIS. 

( i~ She e...,. 

(ii) !!!!!· 
(1) SheeE: For~s 1 m~tabol1em or~tes we~ used tor the 

collection of faeces ~nd urine tn the she~n ~Xperim~nts. 

Some of the features of these orates, oon~tructed locally, 

may be briefly mentioned. 'I'he 1ns1d.a area in which the 

animal oan move about 1s 6 2/3 x 4 feet. One end opens out 

into a detachable galvanised iron manger. Water is· sup~lied 

in a trough attached on the inside away from the manger. 

There are two false bottoms to the crat~. An upp~r ~ire 

screen of half inch mesh on which the animal stands -oerm1ts 

the excreta to nasa through. About four 1nohes below this 

is a second wire screen of 1/16 inch ~eeh Y~ich catches the 

taeoes and allc.- the urine to pses through on to the funnel 

shaped base constructed of galvan1sed. flat iron, and thence 

into a receptacle below the orste. Wh~n ooll~ct1ons of 

faeces Jtnd urine hg.ve to be -na.de the uppe~ movable ·.')art with 

the an1~al in it, are moved over on to ~ cleaning table 

hooked to the orate ann correallonding with it in dimensions. 

This table is a du~lioate of the lower half of th~ orate. 

During the ~reli~tnary 9eriodA the sheep were kent 

in se~arate feeding nene measuring about 15 x 15 feet. 

'l'hese o:oen up into an outdoor exercising camu free ot 

vegetE:.ble I . ........ . 
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vegetable matter. 

COLLECTION AND SA~LING· Of THE EXCRETA. 

The sheep were weighed at the beginning and again 

at the termination ot each exoerimental period. With the 

exception of period II. in the urea utilisation experiment, 

the experimental periods were preceded by preliminary 

periods of such a length that the excreta could be nresumed 

to represent that or the exoerimental ration. For this 

puroose periods of 8 to 10 d.ays are generally accepted to be 

of sufficient length in the case of the ruminant. T.he 

period of collection usually continued tor 8 to 10 day•. 

Before starting a collection period the crates 

were thoroughly cleaned, care being taken to remove any 

faecal matter adhering to the wool and hoofs of the animale 

before entering the orates. The exact time of the day.when 

the animals were put into their cleaned orates was noted, and 

taken to be the beginning or the collection period which we.s 

concluded at the same hour at the termination or the neriod. 

Excreta was collected in the usual way daily at 9 a.m. 

except tor the final collection which denended on the time 

the animals were put into the orates at the commencement of 

the periOd. Urine was collected in 10~ sulphuric acid tor 

preservation. 

'rhe mixture of acid, urine and washings are filter­

ed througn glass wool, all containers being rinsed with a 

small volume of distilled water. The total volume of 

filtered urine and water 19 then made up to 2 litres or 

more as required, and the t1nal volume noted. Of this, ten 

per oent waa taken as an aliquot after tho:t•ou,gh shaking, and 

stored in a clean flask 1n mich the daily al.iquots were 

pooled. In the urea experiments an extra sample of urine of 

approXimately 50 oc. was taken daily at the same time as 

the aliquot for the n1 trogen determ1na tion. 

On/ •••••••.•• 
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On the final day of collaot1on, both wire sareena 

and the flat iron bottom of the orates were thoroughly 

sorub'=*d with a clean hard brush and rinsed w1 th distilled 

water to remove urinary mattAr which mi~t have become 

adherent to the screens during the ex·l.lerimental :period. 1n 

a pi te of the daily we.sh1ng,. 

The faeces from a daily oolleot1on wero soread out 

on a.n enamel tray s.nd left eXposed in the m0taoo11sm room 

for 24 hours after whioh they were found to contain no more 

than &bout 12 per cent. moisture. Al1quote equal to one­

tenth of the toti!.l weight were then taken and stored in 

uaulu Jars. This process was repeated eacn day dur1ne: the 

collection period and the daily al1quots mixed 1n the same 

jar. This compos1 te sample was weighed two or three rt.aye 

after the termination of the period and then.f1nely ground, 

thoroughly mixed a~ a representative samryle taken ror 

chem1oal analysis. 

Feed refused by e.n animal 1n the course of a 

collection period wsa left in the manger until the end of the 

trial when it was collected, ~1ghed ~nd stored tor chemical 

~nalya1s ·i.nen required. 

(11) R~ts. -
For the o~llaotion of t'Reoll!e e"'!d ~1r1ne of. nta 

apeo1 ally oo~a truoted eart.henw.a:roe m.e ta 'bolittm osges as 

illustrated and deaoribe~ by Ma~;1s and a~1ts (194 0) were 

use". The rg.ts a tend on e. horizontal w1~ ecre~n nth a 

3/8 inch trash wb.,.oh allows the faeo-,s to drop thT>ou~ on to 

a second wire f.Pu&e of 1/16 incll 'ftesh, Oil which 1 t is then 

collected. 

The urine l!ntf faeces were collected. dtJ1ly. The 

de1ly fB.,f.;:Bs collect1oti!, after oarefv.l :M>!l!.OV.'!l of e.dherent 

hair, were d.igeeted accord.1ng to the u~ue.l Ijelde..hl method. 

'l'l:le I • • ....... . 
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The week's digests were analysed tor ~trogen. For the 

urine collections, the metabolism cages were washed out 

daily with 0.5 per cent. tartaric acid eolution. The daily 

urine collections were kept in dilute H2s~ and at the end 

of the collection period a sui table aliqy.ot di~-eeted for 

nitrogen determination. 

To distinguish between faeces of the preliminary 

and collection periods, Fe2o3 was used as a marker. The 

collection periods were of 7 days duretion. To prevent tood 

wastage a special food basin, also deecribed by Marais and 

Smuts (1940), was used. The ratione were stored in ~nice 

ohest to prevent deterioration. The composition of the 

rations are given in Table l(d). 

(2) DESCRIPTION OP' RATIO~!S. 

During the couree.of thesf! !tudiee·numeroue 

different r&tions were fet" to the exoer1rnent!ll aniTI'Iftls. 

These ratiJns are, however, not tully described in their 

respective experi~ents; the actual quantities fed are gi~n 

but 1t was thought neces~ary to t'bul9te the v~r1ous rations 

and present their composition on a percentage b~s1s. In 

tables l(A) to l(D) the rations of the various experiments 

are grouned together. In table 1? the ratione te~. to the 

different sheep 1n the cellulose digestion trials, are 

tabule. ted .• 

Table l(A). Sheep rP..tions - Intueoria Experimen~ 

nation Number. 

Ingredient 1. 2 3 4 5 6 

Green 98.0 
luoerne 

Lucerne hay 45.2 98.0 
Maize 52.8 98.0 52.8 
Wheat straw 45.2 98.0 
Tetf hay 
Veld hay 
NaC1 2.0 2.0 2.0 2.0 2.0 2.0 

'fota1 100.0 100.0 100.0 100.0 100.0 100.0 

TalJle 

7 8 

3.5 

ea.o 
94.5 

2.0 2.0 

100.0 100.0 

1 B/ ••.••••• 
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TABLE l B. SDEl! 

Iagredien'\ 

Wheat straw 

Luoerue ha7 

Maize 

De~rinised ataroa 

Men,aePl (S•foo 80%) 

](aCl 

Jlineral mixtur& 

Yeast 

Urea 

Bone meal 

White fish meal 

9 

2.0 

1.0 

RA.TIOJS 

10 

70.0 

3.0 

o.z 

... BAOTERij\L El.PERIJ!!$NTS INOLUDI•G UfiLISATlal or URt~A. 

--aa.""lron"'luiioar. 
....... ,..,... .. _,..._,, -·--

ll 12 13 14 15 li 17 18 19 
- .... ...,...._...... .. -.-....-... -

69.6 69.0 o9.o · 68.0 49.0 64.7 70.'1 f2.b 96.i 

7.'1 30.0 25.0 

20o3 24 

17.0 

2.0 2.0 2.0 e.o 
~.o 3.0 3.0 z.o 3.0 3.0 ~.o 

o.a o.a o.a o.z o.a o.a o.z 
0.6 o.a 

1.'1 1.4 __ . __ ,. __ , __ - -------~-

·-~---·-.... --..--. ----- -----..-·-·-- .................... ,... 
!OT4~ 1oo.o 1oo.o 100.0 1oo.o 1oo.o 1oo.o 1oo.o loo.o 

--------------------------------~-----------------------------------------------~----------
loo.o 1oo.o 1oo.o 

_.....,.__~-·---

Ration lfo. 9 • standard lu.oerne•maize ra:tion. 
" " lO - Jf-low plns d..e:rlrinised sta.roh. 

" ll - :J•low "' " "' plus urea supplement. 
" 12 • If •lOW " n tf n rt tt ;JJ.U.S :fish m.eal. 

" n 

» 13 • B•low » " " " fish meal. 
" 14 • 1-high " carbohydrate low. 
" 15 - I ·hi.gh " " JlO nual. 
" 16 • li • 2 1:. normal plus carbo}qd.rate normal. 
" 1'7 - Ja,lanoed wheat straw ration. 

" " 18 - ~ea~ straw plus dextrinised starch plus bone meal supplement. 
" 19 - " " " 'bone me&l su.ppleme.nt. 

--,·--u-·-----~----.,- --.. ·--- ------·--··-~-"v·-·--......·-- -~--··-,.--..,-·-~·--··-·------·-~·-------------·------,-----

Iagre«ients Ration :Number 
20 21 22 ....... -- _....,.._._- -·--

Lucerne ha7 58.0 56.0 
C7atine .20 
Ood Liver Oil 11o0 2.() 2.0 
Salt 2.0 2.0 2.0 
Bone ash 3.0 3.0 i.o 
Dextrinised s•aroh lb.O it..& '13.0 
A.ga.r - - 2C.O ..._.___""' ____ --

TOTAL lo:,.o 1oo.o 100. CJ _,_ 
• llJ 
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,Iable l(D). Cystine Experiment - Rats. 

Re.tion :Number. --------------·-----------
Ingredients. 23 24 25 26 27 

Lucerne hay. 36.8 

Ruminal 41.1 39.'? 
ingesta. 

Incubated - - 41.4 
lucerne. 

Dextr1n1sed 37.2 32.9 34.1 '10.0 32.6 
starch. 

Bueroee 10.0 10.0 10.0 10.0 10.0 

But te t'"f~ t 8.0 8.0 8.0 8.0 s.o 
Cod liver Oil 2.0 2.0 2.0 2.0 2.0 

Harris ye'!et 2.0 2.0 2.0 ?.0 2.0 
X 
Snlt mixture 3.0 3.-0 3.0 3.0 3.0 

NaCl 1.0 1.0 l.t) 1,0 1.0 

Agar - 2.0 

Cystine - 0.2 

Egg white. -- 2.0 

100.0 100.0 100.0 l00.t') 100.0 
Per o~nt. 

IUtro~n 1.12 1.13 1.03 .~~~----~~~--~~~----~0.47 ----------

x Ne-w salt Mixture of tfubbel R., ''e 1"1el J. B., and 'W!'!>.._ltente,n 
A.J. (Jnl. Nutr. 14• 273-286, 1937). 

( 3) ANALYTICAL MF.Tflf)D1 E:..n>L JYEn. 

(1) Starch: For the dete:~inAtion of et~roh the 

extraction procedure desoribe~ by ~~neA, c.s. (1936) 1 &nd 

the chemical methods or ~dward.s et al ( 193A) were followed. 

(2) Cellulae~: for cellulose determinations 

the method described by Crol'lt!)ton and Meyn&rd (19~8) ,_,as 

tollowed, in the 1nveet1gat1one concerned ~th the infusoria. 

In all the other cellulose digestion tr1ale Norman ~nd 

Jenkins' method described in 1933 was used. 

( 3) !i trogen: ror nitrogen determ1na.t1o_ns the 

usual Kjeldahl method was employed. 

III./ •••....... 
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III. EXPERillll.ENTAL DATA. 

A. RUKINAL INFUSORIA IN SHEEP. 

(1) Literature. 

(2) Infusorial populations in relation to diet: 

(a) stable fed animals. 

(b) sheep on natural pasture. 

(3) Rumen infusoria in sheep as compared with 

those of wild antelones under natural 

conditions. 

(4) Morphological studies on the digestion of 

maize starch by infusoria in vivo and its 

relation to glycogen formation. 

(5) Chemical data on the influence of infusoria 

on starch digestion within the rumen. 

(6) Observations on the effect of infusoria on 

cellulose digestion. 

(1) LITERATURE: 

Ever since the discovery of rumina~ infusoria by 

Gruby and Delafond in 1843, these organisms have interested 

research workers in a twofold way, firstly, as a source of 

comprehensive morphological and evolutionary study (Dog1el, 

1927), and secondly, as a biological problem. 

Gruby and Delafond (1843), Stein (1858), F1orentini 

(1889 and 1890), Eberlein (1895), Crawly (1923), Dogiel (1921-

1927), and many others, have laboured incessantly to describe 

and classify the family Ophry\ooleoidae. Dogiel, in hi• 

monograph (1927), gave a final olassif1oation and description 

of all kno~n species and forms. Gruby and Delafond, as well 

as Eberlein and Sohuberg (1888), expressed the opinion that 

the Onhrzosoolecidae may have.some biological significance. 

Ferber (1925, 1929) held that these organisms convert 

plant proteins into easily digeet~ble animal protein, in the 

torm of their own body protOplaam, and that they served u 

an/~ •.•..•.•. 
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an imnortant source of animal protein to their herbivorous 

hosts. According to Ferber, a sheep with 3 Kg. rumen 

ingesta, and an infusorial population of 900 per cubic milli­

metre, received 0.327 gram of protein daily from its 

infusoria. If one considers that approximately half of this 

protein is of bacterial origin, it imolies that a sheep 

receives only about 0.16 grams of infusorial protein over a 

period of 24 hours. This is insignificant, as the maintenance 

requirements of adult sheep of 45 Kg. body weight, are 

approximatelp 19.0 grams digestible protein daily (Smuts and 

llarais, 1938). 

further possible r8les attributed to the ruminal 

infusoria deserve mention. 

(a) They are harmless commensals. 

Biedermann (1911), Scheunert (1924), Scheunert and 

Sohieblich (1927), and Becker, Schulz and Emmerson (1929), 

maintain that these organisms do neither harm nor good to 

their hosts and that they are merely found in the rumen 

because it provides a favourable habitat tor them to live in. 

(b) They assist in the digestion of cellulose. 

Since their discovery it had. been thought that 

infusoria might play a part in the digestion ot cellulose in 

the rumen. Sohuberg and Eberlein noted the ingestion of 

plant material by infusoria and concluded that the organisms 

oould digest cellulose. Eberlein also noted the d.isinte­

gration of plant material within the organisms and the 

expulsion ot detritus from the anus. Dogiel and Federowa­

~inogradowa (1925), observed that cellulose particles did 

not always leave the anus as detritus, but that large 

particles were sometimes extruded morphologically unchaged, 

suggesting that these particles may have undergone a 

preliminary chemical digestion. 

Mangold/ •••••••••• 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



24. 

Mangold (1927) believes th2.t cellulose digestion 

within the inf'us ori.a. occurs by meEme o:r similarly ine,-ested 

cellulose splitting bacteria. 

In 1930 Becker, Schulz and Emmerson conducted 

digestion trials by using goats with and without infusoria, 

and conclud.ed ths.t cellulose digee tion in the host is neither 

due to, nor materially assisted by the infueor1~. Unfortu­

nately the diet o:r theee goats contained a high proportion 

of grain which strongly attracts 1ntusor1a, eo thAt the 

cellulose in the diet could be considered ~e having received 

very little attention trom the infusoria. From obser~ations 

made by the author these orgs.nisms de:f'in1 tely prefer starch 

to cellulose. Appreciable quantities of cellulose being 

ingested by the infusoria only When grain is not present in 

the rumen. 

(c) They asgist in the digestion of starch. 

Trier (1926), and Westphal (1934), drew attention 

to the relationship between infusoria and the di~~stion of 

starch. West,hal did not assign any significance to the 

digestion ot s ta.roh by infusoria., and from the resuJ. ts ot 

his work conducted 1n vitro, he concluded that they were only 

commensals particularly dependant on starch. 

(d) They are ot mech~oal and ~hysical Rid in 

digestion. Bundle (1895), Braune (1913), Scheunert (1924), 

and Scheunert and Sch1eblich (1927) considered that these 

micro-organisms were purely o:r a mechanical and uhyeical 

importance to their host in that they assisted in the so~ing, 

macerating and mixing of the rumen contents. 

(~) Infusoria are injurious parasites. 

Apart :rrorn the view held by ZOrn (1887) that 

1n:f'usor1a are injurious paraei tes 'rll1ch., through their 

presence may lead to a catarrh of the alimentary tract, no 

other workers have suggested a similar role. The 

posei bil1 ty / •••.. 
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possibility st~ll exists that these organisms may rob the 

host of p~rt of its rood, although this ryo1nt has as yet not 

been unerimenta.lly eatabl1ahed. 

(2) I~:,U<:OP.IAL POPULAT!OlTS llj RELATiqN TO "lET. - ------- -
( ~) 'te.ble fed sheen. 

!ech~;2u!: All sheeu •ftre dosed with 2.5 litres 

ot tanwa.t,r throuf!b the f1atulll. d.a1l'l' at e p.J'Il. !!~ s.s to keep 

the intake of watgr cons tent. ilatoer1!'i.l :for in:fus 'lr1 "11 counts 

wss always ~thdr~~n at 9 a.m~ After !hak1ng v\gorously 

l co. w~s suoke1 u~ into a w1d8 ~outhed n1~A~te. Th\s was 

added. to ? or 8 oc. of oorrosive-subl1"lle.te-aloohol fixative, 

s.nd after ·wash.1ng ?11th alcohol-iodine and ?Oi alcohol, 1t was 

susnend.ed 1n 2 cc. o11 of oloves in "tYh1cb it os.n be '.cent for 

a long time. After diluting to 1/10 o~ 1/J.oo 1n oil of cloves 

a dro-, of kn.own volume from a oa:ryilla.ry n1<,ette was l,')laoed 

on a glasa ~lide ~nd oov~r~d with a oove~911p. ~o total 

numoor or 1n:t"usort.'1 ,er drop w~·u• oountod, trom mich the 

number ne:::- oub1o m1111.metrtl ingeAta .. a.; then calculated. 

Duplicate counts ware made. 

Experiment 1. (a) Jfa1ze and lucerne ration- (Rat1t>n No. 1). 

('b) MA.1Ze ration ( • No. 2). 

Sheep No. 45 and No. 37 on a ML"'tet'. r!\t1o:l ~f 060 grants of 

orushed yellow maize ~lua 300 grt.mll of lucArne hay ~re used 

in an experi~ent to follow up the influence of a oh~nge from 

the ~bove ration to ~ nure maize rat1nn containing a~proXi­

matlllY 75'/. oarbohj•d.rate, 10" -orote1n an" 2% t1bra. 

Infusorial counts were ~ada ~~akly, and ~en 

neoessary, nleo nt shorter intervals. Ditferent1~1 counts 

"ere made to correlate .t.dant1 ve changes in the'Ec or~~nisms with 

ohangee 1n the diet. A record of the :t'0\1d oonsw·!t1tion 

of the animal! wa.e ke!'t, t.nd is reflected in graphs 1 and .2 

or·.,t)S1 te / •••... • 
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opposite the infusorial counts. 

Discussion and Conclusions. 

1. Maize and Lucerne Ration. 

(a) Infusorial population fluctuated between 1000 and 

3500 per oubio millimetre in sheep No. 45, and between 

1200 and 3300 in sheep No. 37. 

The differential counts dilolosed that in both sheep 

the genus Entod1n1um comprised 95% of the total infusorial 

population. The rest was made up of the genera P.iplodiniu!• 

BUtohlia and Isotr1oha. 

(bj !he hydrogen ion-concentration of the rumen ingesta of 

these sheep varied between pH 6.6 and 7.2. 

2. Ka1ze ration. 

(a) With an increase in maize and reduction of lucerne, 

th' larger types of infusoria diminished until finally on 

maize exclusively, they became extinct. An attempt to 

start a fresh culture in sheep No. 45 by subinoculation 

with 50 co. rumen ingesta from another sheep whose 

infusorial population waa known, was unsuccessful. The 

conditions in the rumen had thus become unfavourable for 

infusoria other than the genus Entodinium, the most 

primitive of all. 

(b) A or1 tiee.l stage was ranidly reached when only maize 

was ted. Sheep Nos. 45 and 37 reacted differently. 

In the case ot sheep No. 45 the amount of maize 

consumed dropped in two weeks from 4200 grams per.week to 

2300 grams, and then rose rapidly again to 4200 grams. 

This was followed by a second drop to 2800 grams and a 

recovery. Finally 1t was denreseed to 200 grams, at Which 

stage the ration was suoplemented by lucerne hay. The 

rumen ing~sta during this critical stage had a very sour 

And rancid smell with a cheesy appearance. 

The infusoria reacted sharply to the first tall when 

only I . ........ . 
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only maize was fed. The count dropped from 900 to 0.5 per 

oubio millimetre. After remaining at this low level for 5 

weeks, conditions in the rumen became more favourable as shown 

by an imorovement in appetite and chemical analysis. This 

provoked an immediate resnonse by the infusoria. Active 

multi~lioation was seen, and the count rose from 0.5 to 1100 

organisms oer o.mm. within 10 days. At this stage the larger 

types of infusoria had all become extinct. An unsuccesstul 

attempt was made to re-establish them by subinooulation. The 

host finally consumed less and less maize, which led to starva­

tion after 16 weeks of pure maite diet. ~e infusorial· 

population fell to 30 ner o.mm. 

Sheep No. 37 adapted itself very poorly to the maize 

diet. Immediately lucerne was withdrawn inau~etance set in, 

leading to starvation within 7 weeks. The infusoria maintained 

themselves well tor ~ period or 5 weeks until the animal stopped 

ruminating. In Vitro testa at this stage proved that the 

organisms were hungry, due to the absence of small starch 

particles. The symbiotic harmony between host and infusorium 

was thus disturbed by failure to ruminate. Supnlementation 

with luoerne hay also induced rapid multiplication. 

(c) Of the Entodi~ species !.nanellum was the most 

resistant, ~nd thrived better under conditions adverse to 

other species. A small number of E. turca, E. simole~, 

E.elongatum and E. dubardi survived, as seen in Table 1. 

below, showing average percentage of Entodinium species 

per cubic millimetre. 
Table 1. 

Sheep Period E. na.nel-E. furca E. s1ntolex E. elonga.- E.dubard1 
lum. ium. 

45 Before 32 21.5 5.5 26.5 10 
maize. 
Atter 66 12 5 11 6 
maize. 

!? Before 42 17 8.5 21.5 6 
mai:e. 
After 62 9 7 17 5 
maize. 

(d)/ ••••••.... 
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!..UUJ& 2. 

Sheep Jfo. ])ate. Diet. Acetic ACid B1ltyrio acid l'on-Tola· Total organic Total Volatile p:H of ill· Reaarke. 
acid. tile acid. e.o.Lds. aoits. gesta. 

4t2 23/9/38 300 e;raras lucerne ha7 1'1.4 13.32 4.62 35.34 30.'1! 6.8 
.J 360 grams ;vellow 
oruhed. maize. 

43 10/ll/38 do. 1'1.52 6.44 '1.'10 31.66 23.96 6.8 

35 12/ll/'38 Grec lucerne. 13.42 4.76 1.90 20.08 18.18 6.9 

32 lf/ll/38 do. 12.01 6.46 6.10 24.01 18.61 '1.0 

------
45 30/9/38 600 crams Jl,low 16.6 9.61 18.20 44.31 26.11 &.li 

6/10/38 eru.ahed aaize. '1.96 3.'18 a.oo 19.'14 11.'14 tJ.4 

13/10/38 26.90 4.68 6.60 37.18 21.58 1.4 

14/10/38 21.90 2.6£ 6.72 30.12 24.42 6.4 

18/10/38 26.?0 10.85 5.'14 43.29 3'1.66 5.2 

19/10/38 2'7.80 9.41 16.70 52.91 3'1.21 6.9 

9/11/38 21.00 4.55 2.60 28.05 25.66 5.6 

29/ 9/38 600 grams J!l].low 16.60 4.58 6.50 26.68 20.18 5.4 

l/10/ZS crushed maize. 18.50 8.68 14.65 41.83 2'7.18 b.4 

6/10/38 14.05 4.45 25.60 44.10 18.60 5.4 

l'J/10/38 9.90 3.83 '1.00 20.'73 13.73 5.3 

3'7 14/10/38 9.24 3.82 21.50 34.66 13.06 5.6 

18/10/38 '1.64 3.28 a.oo 18.92 10.92 5.4 

19/10/38 14.40 3.88 14.00 32.28 18.28 &.4 

6/ll/38 starT at ioa. 1.62 0.34 1.10 2.46 1.96 5.4 
....__. ,..,.... ....... ~ ........... ..,.__...........,~.,.,..,... 

40 19/ll/38 straw. 14.51 3.91 b. '10 24.12 18.42 Both 40 and 39 ate 

24/ll/38 t ration. 
poorly on 22/ll/38. 

do. 5.90 2.20 5.20 13.30 8.10 
.. _. __ 

39 15/ll/38 Siiraw 12.40 4.82 4.98 22.20 1'7.22 and 24/ll/'38. 

22./lljaa do. -t ration. 4.24 1.16 5.00 10.40 6.40 

·--" 

All acid Yaluea are expressed as al. N / 10 BaOH per lOO gms. ingesta. 
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( d} Chetrioal £.nsly£1s or the rumen 1ngeeta. is r~fleoted 

1n Table 2. Af'tE:r acidifying, distillation WE.s 

o•rried out acoorc.Ung to \71egner' e -procese e.e reported 

by Smith (1938). U&teri~l was withdrawn through the 

f'ietulP daily at 9 a.m. before feef1.1ng. 

Discues1on t-,nti Con.oll•eions. 

It 1s eV1clent from the te.ble tbat in sheen lio. 45 

e.cet1c end butyric e.citl. roee very high at the time ~.rl'H~n the 

1nfueoritl po..,ulfJtion di!'ll.nished stgnificantJy. On the oth~r 

hand, tht~ ecetio ff.nc.i. butyrio 10.cid val vee Jtent ••l thin normal . 
11~1t~ (eee ~heep 42, 43 ~nd ~5) in the case of sheen No. 37 

with a pH of 5.4. Under these cone1t1ons the infusoria 

thrived until they ~ere starved. Excessive amounts of 

acetic 11.nd butyric a.oio in the rumen are therefore harmful 

to the infusoria. In vitro teste oonfirned this. The 

axeeptione.lly lt1.rge quantity of maize consumed by sheep No.45 

wae the oause of the aoidit!' of its rumen. 

£xoeriment ~o. 2. 

Effect of whei..t straw diet on .tnfusoria. 

Th~ee shee~ on a diet of' 300 grams wheat straw and 

360 gram~ of cruahed yellow maize (Ration No. 3) were used 

for infWI'or1al counts. The amount of ma1ze was first 

r"duced to 100 gram!! and then ;om1 tted, w1 th & oorree"Oond1ng 

i.no!>ea.se in wheat straw to 800 grams (Ration No. 4). 

Oounts were made every seoona de.;r for 28 days. At 1;h1s 

stage the F~ff'eot on the 1nfuso:r1& of a supulementation of 

100 gl'!\ms yellow meal1e meal, i_ntroduoed directly throu~ 

the fistula, w~s tested for a neriod of eight days. Mea.lie 

meal ~R then eubstitut~d by 100 grams or maize starch to 

eliminate the urotein contained in the meal1e meal. 

~1fferential oounts WP.re made as in Exneriment No. 1. See 

graph III and Table 3 below. 

Discussion/ •••• ~····· 
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(a) On a 'fThea.t ~tra.tr e.nd mn1r.e diet the 1nfutJoria.l population 

fluctuated between 700 and 900. The b~nuc Entnd1niurn 

comprised 99~ of the totc.l. lJ:Jon red.'l,.;,ct1on and lster 

omission of naize, there was a s1gni:f1cs.nt f'e.ll in numbers to 

nn ever~~~ of 50 organis~e per cubic mm. as a result or 
starvation. un the addition of m&ize ~ce1n, the infusoria 

doubled their numbere within 24 hours, and after a ~eek the 

count had risE:m to 50 per e.mm. On Nple.c1ng the me;t"l1e 

meal by s t&.rch, ruul t1 pli c "- t 1 on was re te.rded. 

(b) or the Entodiniu~ e'pec1et, Entod1n1um siwlem: auapted 

itself best to the uh£&t ~traw r&t1on. It increased :from 

~,~t to 35~, Vihereas E. furca diminished :!'ron: 5o;·;. to 18~~·. The 

gc nus 121plod1n1ur.l incr~;ased 1'rom • 5 to 4.f.;. 

'l'a ble 3. 

Pe rio<~ She f"P E. na.ncl- ~. ft,rce.. E. aim- 1!;. e!.on-
No. !u'!· plex. ~a t1.1rn. 

:Ja1ze 37 
+ wheat 40 
straw. 43 

\Yhet\t 37 
stre.w 40 
only. 43 

2? 
4G 
21.5 

33 
21 
36 

Experiment ~io. 3. 

40 
40 
58.5 

12 
18 
20 

4.0 
3.0 
5.5 

~~ 
40 
30 

3 
1.5 

? 
12 

tm1 d.e n- D1 ul od1-
tifie<'l n1um 
Cntodi- species. 
n1ur:: 
tpE"cit:s. 

4 
6 

10 

6 
5 

12 

1 

4 

.6 

.5 

4 
3.5 

Cor.toar1son of 1ntusor1ttl countr. in sheer or, a diet 

of: 

( l) 380 ~rwns Of Tntti=e ana 30C) gran:e c.ry luce:rne hc.y (Riltion 

Nc. l). 

{ 2) l Kg. ot dry lucerne huy (Us. tion l,o. e). 
( 3) 3 Kg. of g.r•een luo€rne (la;.tion !Jo. 6). 

Infusorial counts were ruado evt~ second day fo~ 

ptn•iodE o:f' three ,-reeks succ£~es1 vely on shr;·r:op ~:bien were on 

the al.mvtl di '.;;til. The :::·asults are recordoC:. gra~'11c&lly in 

graph IV. 

Concluslona/ •••••••••• 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



30. 

Conol1..1.s1ona. 

(a) On maize -t- lucerne hey the ?O?Ul'ltion fluctuated. between 

1400 and 2800 ner cubic mm. W1 th omission of me.ize the 

number or 1nfueor1e ~.ecreased re.,.,1dly e.nd estEblished. a new 

l'!Vel :f'luctu!t1ng betweefl 200 and 700 per cubic rnm. 
(b) On fee~1ng green lucerne only, a lower level was reached, 

the number~ very1na· from 100 to 400 ~er cubic m~: 

( o) Tbif decrease is attri huted to the corresponding deorea.ae 

1n the t~tarch contef'l.t of the d.1fferent diets. 

§x2eriment No. 4. 

Effect of teff hel diet on th!~-~~~or1al uonulat1on. 

F1ve sheep on a Kilogram of teff graee hay daily 

w~re used for counts. The numb£-r or infueoria ner cu'bic mm. 

was found to ve.ry bet'll\l'een 215 and 485. This corree"Oonds with 

the population of a shee:o on r.reen lucerne d1~t. 

(2) b. S!BEP ON NA'rUR!,!.L PA9'rURl~1 NOOl'.Nl.~~DACf-i'L; ~-\.!l:·~~:nr.LE:N'l'AL 

F~, Em~ICLD, TRANSVAAL. 

Ex )eriment ?.Io. 5. 

Seasonal t'luotuat1•>ns of infusu·:·i ..... 

EX~1eriroent.~.l: ·.f\ group or 40 he~lthy rn~l"1~10 'tlfeth&··~ W&N 

!ll1Jwe1 to g!'<:l.%9 freAly in a o;.mp of 100 ToJI'h•ge l'l ....,1 th a 

typio~l Tr·a.nsva<\1 highTeld paetuN ~nd running water. These 

sheep wei'€ gatheroed twice tia11y 1n s small !)&<.l1.:~r;k _r,-,r a 

che.n~ of' fe.eoee bsge snd ~i thdrawal of ru !ten i nge. st.; by 

stom&.ch tu.bo. i'b1.J -r11s C.?ne every de.y 1t ? a.m. TLtJ faeces 

bags ·.•ere used to collect f'aecee for a cono11rrent ex~)ar1ment 

on grs.es cons:umot1 ~l'l by S=uts :!..nd I<tllr8L~ ·)f this 1 net1 tute. 

The ahe9p ??ers clo:)sely ·G~.tched ~ben t;rEz.ing so ae t-l •!eterm1n~ 

the gra.sges s~lected. by thaii'. Supplies of tt-.:.e9e gr&·.l?sea 

~e.re collectsc1 f'Jr an~ly~ !S ~nd. ft~'!cling tri,tls. 

The illOnths of July, October, .. T~m.t•"'.r') ':tlil.l ~pr11 

repr.:~ent/ ••.•.••••• 
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represent tne critical tim8S of the four seasons, eo that 

observations were confined to these months on twenty out of 

the forty wethers selected at random. The sheep were weighed 

weekly so as to reflect their condition during the seasons 

concerned. 

Results: 

(a) The infusorial and bacterial counts are reflected in 

Table 4. 

It will be noted that in all but one aheep (which 

suffered from bluetongue) there is an increase in the 

infusorial and bacterial ~opulations from July to Januar,y, and 

a decrease from January to April, the April counts corres­

ponding w1 th those of October. 

There was an average of 100 1ntuaor1a per oubio 

millimetre, in July, 277 in October, 455 in January and 278 

1n April. 

In July 20. 6~ of the infusoria consisted of the 

larger types, i.e. excluding the genus Entodinium; in January 

this figure had fallen to 15.7%. This difference is due to 

the fact that the large types thrive relatively better than 

the EntOdinium species on lignified diets •. The Entodinium 

species flourish when diets are rich in starch and nitrogen. 

As they are the most primitive genus of intusorium they. 

probably multiply more rapidly than the other more develoned 

genera. 

(b) Comparison of counts and feeding conditions. 

In '!'able 5 is given a complete summary of the nutri­

tional quality of the grazing during the different seasons of 

the year as well as the average 

infusorial and bacterial counts of sheep subsisting on it. An 

interesting and significant feature in this resnect 1s the 

marked and prominent fluctuation in nutritional conditions 

during the year. From October to llaroh there is a super 

abundance of a fairly 

good/ ......... .. 
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good que~ity graz1nB as a result or whiCh both the maintenance 

and the growth requirements oan be met. Ho~var, this condi­

tion ia oomoletely reversed during A~r1l to Seutember. In 

this interval grazing is extremely poor. The protein drops 

rrom an average of ~ to approximately ~~- (Smuts and 

K~;.rs.is, 1940). Together w1 th this re:oid decline in ;>rote in 

there is a tremendous increase in fibre. T:hece factors are 

closely linked with the stagS of maturity of the grazing~ 

The grazing conditions under which this experiment was 

carried out are therefore very variable in nature. Thus, in 

oertn1n seasons there was an abundance of nutrients available 

while a deficiency exiated during the reet of the year. 

Such fluctuating nutritional conditions, as oan be readily 

appreciatfld, must tax the digestive ayatem, the process of 

utilisation, aa well as the general health and vitality of 

the animal in a sever6 manner. Phyaiologically one nuet 

assume th&t the norrnal digestive powe~s and reactions, 

together with tho intricate functions or utilisation of 

nutrients cannot be best accomplished below a·certain level 

of nutrition. Consequently, it appears that while the 

processes of assimilation and utilisation of feed form an 

inseparable physiological .unit, the reactions exne1~enced by 

one function will automatically be reflected by the other. 

In others words, there should exist a close 

relatlonshi~ between quality and utilisability of feed and 

the physiological factors concerned in the digestion ot auoh 

feed. T.h•t such a relationship actuallT appears to exist iB 

evident trom a comparison between the protein content of the 

grazing, the digestibility and the infuaorial and bacterial 

populations. Whether such a relationship 1s connectad 

primarily with the protein in the grazing o~ with the absence 

or presence or other nutrients or tin~lly with the vitality 

of the animal is difficult to sssess at present. It is 

nevertheless/ •••.•••••• 
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nevertheless remarkable that a low protein content, or a 

deficient nutrit1onel state, ~ich inveriably affects the 

vitalitJ as well as U!e health of tne animal, markedly 

reduces the infusorial and bacterial popul&.tions. }!'rom these 

observations it would appear ~hat the multiplication and 

norm~l influence of 1ntusoria and ·becteria in digestion 

depends largely on a suitable substratum in the rumen and 

reticulum. Such a suitable substratum, the composition ot 

which is as yet not tully appreciated, is dependent on the 

nutritional condition of the animal. That protein must play 

an important part &a a necessary component of suc~h a 

substratum is obvious from Tal.lle 5, where: the infusoria and 

baoteria decrease almost proportionately with the decrease 

in protein content. 

This tact is t·l.lrthermore subst~nt1ated by the 

observation previously indicated in Graph III that the 

infusorial population decreases on a nitrogen low diet com­

posed of m&ize starob ~nd a roughage. 

Sheep No. 

52100 
51840 
62079 
52082 
51652 
51904: 
51?65 
5174:1 

51833 
51738 
51885 
52030 
51812 
51693 
51767 
62010 
62025 
61694 
51689 
51738 

TABLE 4. 

Seesona1 fluctuations 1n infusoria ot aheeE 
on naature. Noo1tg!daoht, Ermelo (organisms 

per-cubic m1l!imetre). - -

Julz 

80.8 
57.8 
50.3 
42.3 

1'10.1 
20.2 

144.2 
117.0 

132.1 
119.8 
77.6 

138.6 
96.4 

150.8 
59.6 
29.6 
30.5 

128.9 
183.7 
160.1 

October 

359.0 
189.0 
150.1 
250.9 
240.5 
175.5 
162.2 
224.0 

152.7 
2?0.5 
369.4 
420.6 
319.6 
427.? 
315.0 
315.0 
425.6 
330.4 
166.8 
28ei.O 

January 

359.6 
497.8 
4:55.4 
427.1 
315.4 
379.2 
461.3 
162,4 

780.2 
345.8 
530~7 
451.8 
485.0 
510.6 
420.7 
570.0 
470.9 
451.0 
430.0 
560.5 

~· per o.mm. 100 277 455 

April 

351.0 
224.0 
333~3 
298.7 
228.0 
256.6 
372.4 
125.4(bhe 
tongue). 
376.2 
171,0 
294.4 
301.8 
281.0 
326.8 
317.8 
209.0 
260.5 
279.6 
288.8 
171.0 

278 
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( 3) RUMF.N INFUSt'~A IN 3f!E!:Jl J..J3 COM.PA.P.ED V:lTH TH05!-~ OF WILD 

A~TELOPES tmnF.R N.fi.'J'I.Jnf.L CONDITJOlt£. 
~-----~~--~-·~~~~-----------

Bu111son (1923) published an account of the various 

~peo1es of o111ate~ toun~. in th~ .Af'riccn rh1noceroe E.nd ele-

In J 924 he dee-cr1 bed the c111att s ortH1ent: in Afrioan . -

antelopes from the Belgi~n Coneo. T~o species cf the genus 
-_!ntod1n1um, and tl'•O ot tenus !11p1odin1uT'I described by Buieson 

in these antelopes have been found by F'ePtham (1H25) and 

Schuurman (1926) to occur 1n So11th Af'rict.n sheep ane. o&ttle. 

Dogiel (1925) obtained his ~at~r1~1 in 191{ trow 

Lake Ne.i va8he !lnd K1l1"rlanjaro i!'l East Af'r1e:&. ·He exa.n1ned 

m~ter1al from six diff3rent S?eo1es, Yhich a~ alao indigenous 

to Scuth Africa. This led t . ., t..lte description cf a number 

of new species of ciliates. J..ost of the S;>ec1cs desc.e1bed 

by Dog1~1, excepting the species !:Jiolod1~ co~tatum and 

genue 22istotr1ehum h11ve been ot·served by Fo.nthan and_ 

Scbuurnan 1n their ftUdies on sheep and cattle. 

The genus Qrhryosaole>: scE>rrs to havt: bt en •Fell 

repr·esenteP / ••••••.••• 
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represented in South African sheen and cattle as well as in 

i:as t Atriean antelopes. Schuurman ex>Jreesed the opinion that 

our c-ttle and sheep became infected from antelopes on the 

same veld. Auart from the above systematic work on South 

African sheep ~nd cattle and on E&&t Afric~n antelop~s, no 

work has been done to ascertain firstly, th6 relatior~hip 

·betwee-n the infusor1El:l vonulatlons of antelopes on c.lifferent 

na.tural diets and, secondly', between antelooes and domestic­

ated animals on comoaraole diets. 

To gain information on these points the writer made 

use of an opportunity to accom'9any Dr. A.D. Thoma~ of this 

Inst1 tute on a zoological survey oolleotion tour into the 

Transvaal lowveld. During this expedition ten species of 

antelopes were shot. Ruminal material was oolleoted immedi­

ately afterwards ana. treated as outlined before. Duullcates 

from some snecies were col~ected at different localities. 

Table 6 sbowe the species, its natural diet, the 

ditferenti~Al count between small and large types of infusoria, 

and the total infusoria per cubic millimetre. 

'!'a ole 7 shows the. dominant ciliate (s) 1n tne 

various antelopes. 

Discussion and conolus1one: 

(a) Antelopes may be divided roughly into t~o olasaes 

according to their natural diet. ~nder normal conditions 

the Kllpepringer, Du1ker, Impala and l:udu teed almost exclu­

sively on legumes, leaves of certain trees and shrubs, and 

berries. They are also very fond of young and tender grass 

and green cereals, e.g. oats and wheat. '.l.'he Du1ker also 

digs up roots and tubers. On the other hand th& Steenbuok, 

Reedbuck, Waterbuck, Saesaby, Sable Antelope and Blue Wilde­

beest teed almost exclusively on g~ass and reeds. In times 

ot s.carcity they also feed on leaves and legumes. The 

Steenbuok/ ••......•. 
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Steenbu.oi.: is a very delicate feeder and selects only the 

f 1 n&s t s..rui te ndtn-e s t l!,l'&B s ~ s. 

•rhe C.1fierence t.etwGe;n t..'lte two' tyues ot diet is 

S1£.sni.ficant; oamal tnorn pots -.!'ld At.op&.ni leaves contain 12.5~ 
. 

-.1ld. 12.lf, protein respectively. Other legumes bllc leaves 

were not a~alysed but could be considered to corresnond 

vlosd.ly to the above fibures. .Berries, r-oots and tubers 

vOtltal.~l a hitJl peroenta.be of carbohydrate. The protein and 

otlrbohydr~te c::>ntente of tn1s diet clre theratore considerably 

llighe1" than a diet of g~aski wh1cll corttains appro.x.ln1s:t&ly 4~ 

J,J l.~ot~iu and very little s t.;;.rcll 1n tne lowveld during the 

month of July. .f..o.ntelopes feedln6 on a diet rich in sta-rch 

aud pi't>teJ.n have a very frothy rumina.l ingesta. Til tb large 

amounts of gas eacaplnb, whereas those grazing on gr·11as do 

nvt dewlap such an actl ve r·w11inal fermentation. 

Table 6 shows ~ s1gnitioant difference in the 

totAl infusorial co~nts as well aa in the proportions of the 

·various types of 1nfus·:H'ia present. This could be very 

olGAely c.:>r.t'elated wi t;h the di~t. 'l'he group w1 th the richer 

protein d..i e·t harbout'r~ more tht::.n fl. ve tiMes the number of 

1nrusor1e. than the group of the low pz•ote1n diet does. The 

former t:;roup (browsers) B:bo~e •· ratio of 1 : 2.8 between 

large and ~ma.ll 1nfusori&. (genus Entodir~lum), wnerttas in the 

latter grottp (gre..zera) toe r£tio is 2 : 1. In &ntdlopes, ae 

in sht;ep, the l~r-ger types of 1nlusorla thrl. w Lctcer 'Ulan 

the 2ila.l.ler t}_t.'es on dleta cont.s.iuing a high proportion of 

cellulose, probatly &Je"ause they ar~ able to ingast tne 

lcuger celhllos~ partlolea oetter. In diets ~1~.:11 1n pr•otein 

e.ud ca.rl'OhydrL te-s, the gl!nus Entodinium olin ma1~'lt.a1n l. tself 

b~tt6r ~nd thus prop$rt1onate11 outnumber@ the ~~~ger tynes. 

In sheep gr~Lz1ng freely on the veld ln the month of 

July I . ........• 
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July when the protein was at its lowest for that 1eer (2.9 -

;,;.·), the larger infusoria comprised ~fl.bt of the totnl 

population. In Januar, when the protein rose to its highest 

level (9/u) there was a dro:o to 15. ~ 1n the nuct;er of l&:rge 

infusoria. 

The average number of infUsoria per antelope of the 

grazer group_1n July was 313 p~r cubic m1ll1~etre. ~his is 

compa~~ble to the average of 278 and 277 in shec~ during 

April and October men the oondi tion •)f highveld pastures 

approximates that of some midwinter lt)WTeld pastl.:lres. 

(b) The dominant soeoies of infusoria in antelo·oes of tht: 

same species do not tU.f:t'er. In the different blue ,\'ildebeest 

the dominants were EudiElod~n1um neglectium DOg (19~5) 

forma g1gant1um Dog (19~5), and ~d1n1um simnlex Dog 0925). 

In the 6able Antelove the dominants were Eudinlooinium !!gg1i 

Fior (lbB9), and ~nt0din1um caudatum Stein (1959). In Imnala 

Epid1nium ecaudatum fior. (1889) and ~.simnlex Dog. (1925). 

dominated. ln the Duiker the dominants were an undescribed 

~udiplodinium species and ~ntod1n1um nanellum. 

(c) Different species of antelopes graz1t1g on the same veld 

do not harbour the same dominant infusoria excepting in the 

ease of the Blue Wildebeest and the Sassaby. The dominant 

organisms in these did not appear in the Sable Antelope, 

Waterbuck or Reedbuck found 1n the same veld, nor in any of 

the browsers of the same locality. The dominant organism in 

the Imoala, namely Ent. · eimolex Dog. (1925), did apoear in 

the Wildebeest as the dominant of the smaller type of 

infusoria, but only in very small numbers. 

(d) Impala, trom an area where, o~ing to lack of grazing, 

more browsing is done, showed un to eight times ~ore 

infusoria than Impala in areas where younp.: green r..·rses and 

young shoots are abundant. 

(e) !he genus O~hryoeoolex was not seen in eheen or entelones. 

< t> I.· • ........ 
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(f) The sub-genera ~inlod1n1um neglect1um Dog. (1925), 

Q.f!!!:!.2,.0d.1n!~ .. e.nd On1stotr1chum were hot seen 1n any of the 

sheep examined •. 

(g) The genus £:n1d1n1um, although present both in a.ntelo1-,ee 

and sheen, occurs more frequently in the former. 

The genus Dinlod1n1um, on the other hand, occurs 

with greater regularity 1n sheep. The genua !~tod1nium is 

commonly seen 1n both, and 1s invariably the dominant 

organism in a.n1me.ls on diets rich 1n nrote1n and carbohydre.tes. 

(h) SeTeral undescribed soec1es were seen in the material 

examined. These will be described in due oours~. 

( 4 )~ .l.lOf'..,."'dO.i..vG.LC:~J., Jl-..DI~3 ON TID; DIG~STIJ!-l OF Jili~IZ~ STARCH 

Bi.. r~.~"'JSJHl•1- l~ ~1 iO A~D l'£~ .i.i....1..A '!!ON TO GLYCOG . .;~J FOfu,·ATION • 

.A.s tl1a results of the exper1:nente described under 

section (l) 1nd1catt-d a ,Probabltl slg.nif:i.oant r~le of infusoria 

in so far as the diges t1on of starch is conce-rned, it waa 

decided to 1nvestigcite this possioili ty by studyi.ug the actual 

d;lt!,eation of st~rch, firstly, withi!l the or6an1sm itself and 

secondly, w1 thin the rumen .:Jf the sheen in the ordinary 

proces~ of digestion. 

~xneriment No. 1. 

Digestion of starch within an infusoriurn from 

material in vivo, i.e. material withdrawn from the rumen ot 

,!heep through. the fistula. 

For this ex?er1ment shee, were fed wheat hay free 

of starch granulea. This annroximatea starvation ot the 

infusoria and. enaiJles one to follow un closely t.~e intake and 

digestion of starc.h granules administered lnto the rumen. 

Sheep Nos. 39, 40, 43 and 45 were used.. ·rneir 

infusoria were examined daily by staining fresh drons of 

rumen ingesta on a slide with Gram's iodine to differentiate 

starch and glycogen. As soon as the infusoria were found to 

contain no more traces of starch or glyoog~n, 2 grams of 

finely/ ••••.••... 
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Jo. . Species ll&tural diet. Differential count Total infusoria per 
lS. enioai.uiWD tJ.IIpiolfiiiua 

o. -· -
1 !ran&vaal Kl1pspr1n1Jer: 122 94 1161 

oreotr&§Us oreotragus loberts. Browser. 

2 !ra.usvaal Duiker: 
szlvioapra gr1 .. 1 Roberts. do. 2'15 6 1260 

3 do. do. do. 602 l7B 3024 

4 "Roo1bok", Iapa1a, 'fn1oa1 Iapa1a: 
A•izoeros me1am~us LOht. 40o 14Z 82 1012 

5 4.o. do. 4o. 1347 (K.R.) 611 8271 

6 do. do. 4o. 203 86 1296 

., Zaabeai Kudu: 
Stre,a1ceros strepsioeros Lorenz. do. 108 69 'til 

So Lowveld Steenbuok; ~. 
Raphioeros rutesoena !hoe.& Soh1•· Graztr 110 63 376 

9 Reedbuck : Rietbok. 
Redu.uoa arundillum :Bodd. dol 7 69 29'1 

10 Waterbuok : Waterbok. 
Cobus ell1p1sipr,anus osilb7 do .• 32 102 303 

11 Saaaab7, Basterhartbeea: 
Daaa11sous lunatus Burch. to. 13 62 337 

----
12 Swartw1 tpens, 'fransvaal Sable 

antelope. do. 14 27 184 
Ozanna nigra Harris. 

13 do. do. do. 2'1 42 3l0 

14 Blue Wildebeest, Blou Wildebees: 
Gorgon ta-urinus Burch. do. 18 32 224 

16 do. do. do. 39 66 4'12 
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Antelo,pe 

(l) Blue Wildebeest 

(2) Blue Wildebeest 

(Z) Sable antelope 

(4) Sable Antelope 

(ti) Sassaby 

( 6) Waterbuok 

('I) Re edbuok 

(8) steenbuek 

(9) Impala 

( 10) Impala 

(ll) Ia9a1a (E.R.) 

f12) JCudu 

(13) Duiker 

(14) Duiker 

(15) Kl1pspr1nger 

TABLE 7. 

Dominant Cilia.te(a) 
Small type (Entod.} 

(1) Eudiplodinium negleotum forma 
~IGANTIUk Dog. (1925) 

(2) Anoplodinium bubalidis forma 
oonsors Dog. (1925) --

(1) Eudiplodinium ne~eotum fozma 
gigantiu. Dog. ( 25) 

(2) A.noplodinium bubalidis forma 
buballdis Dog. (1925). 

Eud1p1odinium maggii Fior. (1889) 

Eudiplodiaium aag11 Flor. (1889) 

Eudiplodinium nefjeotum forma 
§igantium Dog. ( 25). 

(l) Eudiplodinium m&fg11 

(2) Ostraoodinium graoi11. forma 
ataol1i Dog. (1925). 

(1) oatracodinium graoili forma 
!iog. ( 1925) • 

{2) Anoplodinium oostatum forma 
ainor »og. (1925). 

(Z) Eudiplod1nium m&f111. 

(l) Ei1d.iniura oaudatum forma Fior. 
1 89 qualrliindaiam §harpe (1914) 

( 2) A.n&plod1n1Wil oo statwn maJor Dog. 
(1925). 

Epidinium eoaudatum Fior. (1889} 
forma oaudaiim Fior. (1889) 

(l) 

( 2) 

do. do. 

do. do. 

Eudiplodinium ne§leotum Dog 
lorma imRalae Dog. (19Eb). 

Epid. eeauda.tu! Fior. (1889) 
fora undesei16ed. 

(19~:)). 

Eudi})lodi.nium species undesori bed 

Same as for Bo. (13) 

Eudip1od1n1um species undescribea 
different to Nos. (13) and (14) 

Entodinium simplex 
Jrog. ( 1925). 

EBtodinium simplex Dog. (1925) 

Entodiniut oaudatum stein (1869). 

Entodinium oaudatum Stein (1859) 

Entodinium nanellum 

Entodinium. dubardi graoilioaudatum 

Buisson (1923). 

E.oaudatum stein (1869) 

E.triaoum Buis. (l92a) forma triacum Dog. 

do. 

do. 

do. 

Entodinium nanellum. 

Entodinium nane1lum. 

Entodinium triaoum Buis. 1923 forma 
'lr'racum Dog. 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



39. 

:f'1uel;y sifted yello~ maize meal were given through the 

f1stu.le. tube of each !heeu ~t'the desired t1~e. One minute 
\ 

&fterwards material was w1 thdrawn and 1m:'18diately examined 

microscopically. I-"urt.l1or sa.:nples were collected at thirty 

minute 1n'~ervsls, an<J. later at b.ourly, and longer intervals, 

and ex::un1ned w1 thout delay. In this way a complete p1oture 

waa obtained of the process of digestion of starch. The 

amount of starch dosed was small and quickly ingestad ·by the 

infusoria so that uniugasted. starch grains we:rt::: only 

occ&s1onally fou.nd after au llour or more. 

It could there tore be safely a.ss\lmed t:ua t the 

infusoria studied by neriodio withdrawal from tha rumen had 

ingested the starch at or soon after the ti~e of do3ing. 

With doses of 10 and 20 grams of meal1e meal, frea ~artially 

digested starch granules can be round in tllc rumen lt1 hours 

later. 

As the res..11 ta of tha ·o&riodlc e~aminbtlons at 

different tir;~es and with different sheel) ware all in very 

olose agreemE#nt, only O&le such reuort will be ~iven here. 

The average rate of di~estion le illu~trated better 0y the 

nhotomicrographs eubmi tted in plates 1 and ;:., and the 

drawings in plate 3 • 

.Hate_s>f digestion of 2 grams of f'ine yello" m&~lie meal. 

9.10 a.m. Ruminal in¥,esta withdrewn and exarP1ned by staining 

with Gram's iodine. Both Entodinium specie~ and D1~lod1n1um 

suecies appeared hungry. Some of the Diolodini~m contained 

cellulose material. 

9.15 a.m. Dosed 2 grams yellow mealie meal. 

9.16 a.m. (1 minute). aterial witbdrawn and examined. ~ost 

organisms had alree.dy ingested starch grain£, nr;rt1cularly 

the Entodinium, some contaiuir.t.f!J up to 7 grsine. 

9. 45 a.m. ( 30 minutes). Prac tica.lly evt-ry orgs..nism contained 

one or more starch grains, some being comple.tely ene:-~orged and 

distended. l~o evidence of glyoogeu. 

10.15 a.m./ ••.•••.... Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 
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10.15 a.m. (1 hour). Brownish-red granules are appear111g in 

moe t infusoria. 

!,2.45 a.m. (l~ hours)·. ~r~.any mort» bro,:.-nish-red ~ranules are 

vre.ae.Ht now. 

1 .. 4~ ( ""' 1 h ' ..1. • ..., a.m. ~'2 OUl'S 1 • Organisms previously E?lllf:Or~ed w1 th 

s tarc.n grains are. now paoked with glj' cogen-like g:::·anulee. 

1.:.. 45 (3~· hour a). Staruh grains are now becoming ~>oscured by 

I.Jrown granules. 

t. 45 (;>l huurs). In ent;orged orga.n1sms no change o·~Jser"ved .• 

'lhose wi til one or two ~raiws only, snow signa oi' disintegration 

of ·tne staruh comparable to aaryolys1a, i.i th many bro"~on 

~ranu.lea ar·ound the disJ.ntegrating grain. 

4.45 o.m. (?-~hours). 'l'J.1e processes are much more ~uvanoed. 

~4f.? p.m. (l2t nours). Disintegration of tbe starch grain is 

now taking place 61.8 in s1mple d.ia.static di~eetion of starch. 

There is complete loss of its original globulEr form c.nd 

staining affinity. The deep violet chang-es to a pale blue 

and then to bluish-brown. ~ses of brown granules ere now 

present in ecto- and endopl9.sm giving the organism a deen 

dar.k-brown gr8.nular apoeare.nce (see ols.te No. 3). 

9 a.m. On follOliing uay (24 hours). Disintegration of the 

e tarcll gr&.nule ~as completed. DroJ.•n ~renules are mar.~tedl;r 

reduced in the orgs.n1sme. Colourless t transparent grs.nulee 

are now sten in increasing numbers in the regions previously 

occup1ea oy brown grs.nules. 

~~ (30 hours). Still !er.er orown granules. 

9 p.m. (36 hours). Glycogen granules clearing up rapidly. 

9 a.m. next day (48 hours). All ·trown granules have 

disapveared and numerous colourless transparent granules have 

taken their place. 

Discussion and Conclusions: 

(1) Within 48 hours after ingestion tha maize starch 

is oom~letely digested and utilised wi~lin an infusorium. 

Tb.is/ ••.. ...... 
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This oonfi -r-ms th" ,-.eeul tR obtB.inetl in Yi tl'"o by Trteor (1926). 

M~ngol~ (lq29) ouotee Trier extensively to exnlain the ways 

1n ?>h1ch et11rch gr.qnnle• tl'.re ·1ngeete<1 by in1"uent"1a. Trier 

foun<'l th8t ~~te A !'e'-"lllt of 1 nt,.~.cellul.qr r.fip-e~ti..,n ?ri thin the 

~rP,nntsm ~lyc~gen aranules ~nnear in their ect~~lAa~. He 

thus assume(! th!ll.t there Y@lfll an 1nt,.~HH~llul~r l.l!ynthes1s of 

s;olycorren by the 1nfusor1um "l!lhich 1e utilieert by, the organism 

tt~eolf. Th., 1nfueoriul"l is eai.c\ to ~erfom thie b,-ee.kdown of 

stArch by afl end.o,.enous t!1aetst1c enzyme. It wruJ ho~ver 

found in the nouree of this etudy, that free starch F,ra1ns 

·within the rumen, when not tngeeten by infusoria, are digested 

~t the same rPte by being directly attacked by bacteria. It 

shoull't be noted th~t P.c~or('!1n!! to Scheune,.t And Trnutmann 

(1921) the s~li~~ o~ the ru~inAnt ~oes not contPin a 

d1e~tstic ~n~yme aa eu~resteo by westnhal (1934). 

fPurther-o~, by ad.ding 1fc glycoren or mal toee to 

rum1nal juice contq1n1nr; etarve(\ 1nfusori!ll end incubating at 

39°C fnr one or t~o hours with ner1od1c eh~k1ng, it was found 

thet 1nfu~or1A do t~~e in fluid mater1~1 from their surround-

ing medium, e.s in les~ the.n an hour e:rter 9d.d1nr, the sugar, 

Glycogen er~nule~. hega.n to form wt thin the orp-en1sm. After 

three or ~our h'lur~ the o:rfl'Pn1sme were nac'ted "l"'i th b...-own 

@l."a.nules similar to those seen after a heavy et~.,..ch ''leal. 

By flt81n1ng fresh nreuarati,ne of rumen 1n~sta 

intr~vit~lly ~ith J~nuA Green, it could oe established beyond 

doubt, th~t the so-c&lled glycogen granules as well as the 

colourless transnarent granules were actually bacteria 

situated within the foodsack and nlasm& of the infusoria. 
qn 

~lost of these bacteria show tyn1cal Brown18.1. movement anct 

ch~nge thetr ~osition within the eotoryl8smio cavity. Large 

numbers of beote!'ia l1'1~ed with tlebr1e are nresent in the food-
and 

sack or body cavity /r:tre rotFJ.ted. by the enerp:etic l'ltovements 

Of I .. ....... . 
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of the membranelles. With ingestion of starches or sugars by 

the intueorium or food material containing etB.rch or eugar, 

theee substances are digested by enzymes aeoreted by the 

bacteria uresent there. Such bacteria as are able to 

synthesise glycogen within their own bodies utilise the pro­

ducts of digestion of the food matl!rial -ore~ent and. react to 

glycogen stains. The infusorium thus has within its body a 

process of digestion from which it deriY9S deftntte benefits 

without any digestive contribution of its own P,Xcepting for 

its canacity as host. Amnle proof of the advant~ges gained 

by the infusor1um is afforded by the fact that rapid multi­

plication follows whenever the so-called "~lycogen granules' 

appear in some measure after a feed. The fact that uningeeted 

starch grains are digested by free ruminal bP..oter1a at the 

same rate aa starch grains within an infurorium, tJroves that 
, 

no enzymatic contribution is made by the infuso~ium ltself 

towards the digestion of staroh, and that it ie ~holly 

denendent unon rurnine.l bacteria and. bacterial action for its 

own nourishment and. the eynthesis of glycogen within its body. 
I 

It 1e orobably for this reasonthat Westnhal could not keep 
' 

or nromote multi~licat1on of rum1nal infusoria in cultures 

formany length of time without the daily ad~~tion of fresh 

ruminal juice. 

The question as to how these bacteria gain entrance 

from t.he foodsack to the ectoplasm is still to be investigated. 

The fermentation products of starches, cellulose and sugars 

bathe the organisms in the foodsack o.nd probably reach those in 

the ectoplasm by simple diffusion out of the foodsaok. 

The synthesis of glycogen by bacteria, once the 

necessary substrata a.re available, is a oornmon occurrence 1n 

the rumen as numerous bacteria and moulds in the ruminal 

Juice show typical glycogen staining after a meal of glucose, 

maltose/ •••••••••• 
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~~oee or starch. After a time, if no more of these 

suLetanoes are available, the glycogen containing bacteria 

and tunt,i lose t.t.eir a tain1ng af'fini ty, and iJecome co:J,.ourless, 

the larger ones becoa1n.g, transnarent, . as in the case of those 

trapped ·UJ the infusoria. 

(5) CHEitiCAL DA'l'A ON THr. INFLUENCE OF INFUS0111A. 
----~--------------------~ ~ -----
ON STARCH OIGE~!ION WITHIN Tab~ RUMEN. 

'l'hat infl.Lsoria are intimately linked un with the 

digestion of starch wi.thin the rumen is the natural conclu­

sion drawn at first Sif:ht considering the large nllmbers ot 

these organisms consuming a considerable amount of starch 

when av~ilable. However, the results or· the nrevious 

experiment nullify any significance that infusoria may have 

been believed to have in starch digestion. The following 

experiment Yas planned in order to confirm this. It was 

decided to oom:oare the ra. te llf disappearance of a given 

quantity of finely sifted yellow menlie meal dosed into the 

rumen of a sheap containing its normal infusorial 'OO•>ulation, 

1111 th the rs "te of d.isa;nearanae from the sane. animal after 

ater111a1ng 1 te r1.1minal fauna ot infusoria. 

For this purpose two sheep were selected snd nlaoed 

on a grass hay diet (No. 8) containing no chemically 

detectable starch. J\n amount of 20 grams of mealie meal was 

then ~o~:;ed daily th!"out)l the f'istttla tube in order to 

estAblish s.n infusorial popuJ.c-4tion o·r B00-1000 per cubic 

millimetre. ',fuen this was rt;acheo. &amplee of ruminal contents 

were m thd.rawn :for quantitative chemical determination of 

ztarch 10 minutes, 5 hours, 9 hours, 12 ana 15 hours after 

dosine. The extraction procedure described by c.s. hanes 

(1936) and the chemic&l m~thods of •dwarue et al (1938) 

we~ followed. 

After/ ••.••••..• 
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After a series of analyses with sat1sfactory 

results the animals were sterilised of their infusoria b.Y 
. 

dosing each with 2 grana of copper sulnhate in 2~ solution 

on th~e consecutive ds,ys following 24 hours sts.rvfltion and 

allowing water ad libitum. ~croscoo1o examinations over a 

period of ten days were e.ll negative. Not only were &11 the 

infusoria exterminated but also the starch attacking cocci 

previously present, and of ~nich pure cultures had been 

obtained. 'lliese organisms were cultivated agetn in the 

rumen of both sheep by inoculating each of them with fairly 

heavy cultures fro!!' six nla tee. ,;,ealte meal ( 20 grams) was 

dosed daily u before, to encourage the 'bD.cterial culture to 

develop. \i'hen these organisms could be seen attacking atarch 

grains as before, sa.ll'tpling was commenced and continued until 

conclusive. results were obts.ined. See Table e. 
Discussion and Conclusions: 

(a) Owing to the anatomical structure of the forestumachs 1t 

1s imnosE~1 ble to collect for any period of time, mn terial 

passing from the rumen and reticulum to the omasum and abo­

masum thrOUf~ the omaeal grnove. Hence the quantity and 

oomooe1 tion of 1nL'I'f!sta pa~aine; through the omasal groove is 

unknoym. For this reason it was impossible to determine the 

amount of starch ~hich passed out of the rumen undigested, 

so that the estimations were confined not to the rate of 

· digestion of starch but to the rate of dise.ppeare.nce from 

the rumen. Ttis includes the amount of starch digested in 

the rumen A.s well as that nassed. out flf the rumen. Under 

controlled conditions of feedin~ an~ watering the latter 

could be taken ~s constant over uer1ode of 12 or 24 hours. 

(b) Jn both sheep 20 grams of yellow meelie meal had complete­

ly disappeared by the 15th hour when the ru~en had an 

infusorial pOpulation of 800-1000 organisms per cubic milli­

metre. After sterilising the rumen of both eheep froM their 

infusoria/ •••••••••• 
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Date. 

I. Sheep 49. 

2'1/ll/Z9 

29/ll/'IJ9 

l/12/39 

lfJ/12/39 

1'1/12/39 

19/12/1;9 

21/12/39 

2/ 1/40 

4/ l/40 

6/1/40 

II. Sheep 43. 

23/ 2/40 

26/ 2/40 

28/ 2/40 

1/ 3/ 40 

3/ 3/40 

13/ 3/40 

15/ 11/40 

l'l/ 3/40 

19/ 3/40 

21/ 3/40 

TULE 8, 

RATE OF DISAPPEARANCE OF STARCH FRO:U: RUIEN. ----
Amount of starch at different ;Qeriods after _ __!~..;;.s_in_!=.•;;..._ ___ _ Remarks. 

lO minutes 5 hours 9 hours 12 hours 15 hours 
~--~--~~~-------------------------

O.l:tO 

o,ll"' 

0.156 

0,120 

B.Os~ 

0.122 

0.148 

o.o1a 
0.064 

0.016 

0.03'1 

0.033 

0.026 

o.Ol4 

After ste rllisa ti on with OuS04 an.d inocu­
lation with iodophilic bao\eria. 

0.0'13 

0,0'14 

o.oa~ 

O.OS'I 

0.069 

0.068 

0.059 

o.ofJ9 
0,017 

0.036 

0.022 

o.o39 

o.o2o 
o.ooa 
o.o1o 
'fraee 

!race 

" 

-

After sterilisation with cuso4 and inocu­
lation with iodo~hili~ baateria. 

O.C76 

0.0'16 

v.o:>o 

0.089 

0.085 

0.041 

0.025 

0.054 

0.062 

legati ve 

0.011 .. 
!race ... 

Traoe -

0.10 

:Negative. 

" 
" 

Jegative 

" 

Tra.oe 

" 
Negative 

Trace. 

JiegatiYe. 

Trace • 

Negative 

Trace. 

lfegative. 

lote: The amount of starch is expressed in 
grams per lOO grams ingesta. 

An iodopbilicooccus was noticed to be present 

in tairl7 large numbers and competing with 

the int'uso ria in the breakdown of starch • 

On 30/12 the sheep was inoculated intra­

ruainally with 6 plates ot pure culture of the 

iodophiliococcus which was destroyed in the 

rwaen by cuso4 • 

An iodophilic coccus similar to the type seen 

in sheep Jo. 49 as well as an iodophilic 

bacillus were present in fairly large n~bers 

attacking starch grains. 

On 10/3/40. sheep was inoculated •ith 6 plates 

of pure culture of iodophilic organisms as in 

the case of sheep 49. No culture b ei.ng 

available the bacillus could not be inoculated 

in the rumen, it having also been destroyed by 
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infusoria and inoculating the rumen with cultures of etarch 

spll tting cocci usuqlly nreeent·, but destroyed or inhibited 

b;y cuso
4 

dosage, there lf&.e no decrea~:~e in the rate of 

dissppe.a.r~.noe of the SaJ'I1o! quantity of mealie meal. 

If infusoria did play a r&le in the d1~ation of 

starch one would have expected. to find significant undigested 

starch residues after 15 hours oV'ing to the a.beence of 

infusoria to digest it. It is, however, clear that the 

function of these organisms is taken over entirely by the 

starch snli tting oocteria end m'lulde of the rumen. 

(6) OBSERVATIONS ON THJ~; EFFlW'l' OF n•FuSORI~ 

CELLULOSE DIG~STION. 

Tha rate of digestion of crushed lucerne stalks 

was determined f1rst 1n sheep harbouring the normal infusorial 

population and subsequently in the same sheen freed of 

1ntusoria. For this purpose silk bags, as described by Quin, 

van der Wath and l.:iyburgh (1938) were used. Known ·.;'&if?hte of 

a saMple ot crushed lucerne stalks were susryended through the 

fistula tube by means of a silk thread and exposed to ruminsl 

digestion for periods of 24 and 48 hours. Duolioate bags were 

sus-.,ended. each time, one being withdrawn at 24 and the other 

at 48 hours. The sheep were kept on an adequ~te dr.y lucerne 

hay diet during the experil'llent. Analysis for average percent­

age cellulose in residues were made and compared ~1th.the 

percentage cellulose present in the homogenous stock from w.h1oh 

the samples were taken. 

1'he experiment was done first in t~o sheen, the 

paunches Of wh1oh were steriliseo Of 1nfusoris. W1 th CUS0
4 

three weeks before. Subsequently these sheep were infected 

with infusoria and when the fauna was well established the 

experiment was repeated. 

Table 9 shows the results of the analyses. 

Discuss~~/ •••••••••• 
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Discussion and Conclusion•: -
As seen from the analyses the results tend to show 

an increase in ~he amount of cellulose digested within the 

first 24 hours when infusoria were present in the ru~en. It 

was, however, found in the course of another exneriment on 

the same and other sheep with normal unsterilised fauna, that 

the rate of cellulose digestion may vary by more than 5~ in 

24 hour periods under controlled conditions of feeding and 

watering. The results therefore do not justify at this stage 

the conclusion that infusoria have a beneficial effect on 

cellulose digestion. For statistical nurooses the exoeriment 

•hould be extended to include several more animals. 

From the table it appears that the rate of cellulose 

digestion is uneven over a period of 48 hours. An average of 

l3,~k cellulose was digested within the first 24 hours, where­

as an average of l5.6~.was digested over a period of 48 hours. 

!bus during the second 24 hour period, 2.4% only was digested. 

This decrease 1n rate of digestion is probably due to the fact 

that the portion of cellulose more exnosed to attack b.1 bacteria 

and enzymes 1& broken down first, arid that the more 1ncrustated 

and deeper seated cellulose i~ only gradually reached by 

digesting. 1nfluenoea, It was clearly demonstrated by Baker 

and aartin (1937) that 1n the ca•oum ot the horse and the 

rabbit, and in the rumen of the sheep (1938), cellulose 

particles are attacked by s9ecifio organisms which either 

adhere to the surface or penetrate into the substance of these 

particles. In addition there is the possibility that ruminal 

fluid may be rich in enzymes secreted by cellulose digesting 

bacteria and which bathe the cellulose nartielee. 

The mechanisms employed 1n rum1nal digestion of 

cellulose is therefore on a par with rumlnal digestion of 

starch/ •••••••..• 
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at&rch. 'lhe digestion of cellulose w1 thin the bod.J of the 

infuaorluro is also considered to be primarily due to the 

enzymes of cellulose digesting bacteria ingested by the 

infusorium. On this basis it is believed oy the author 

that the ciliates contribute nothing towards the ruminal 

d1ges tion ot cellulose. This sup?orts lilangold 1 s theory that 

cellulose breakdown does occur within the infusoria but by 

means of e1m1larl;y ingested cellulose digesting bt..cter1a.. 

------~---------------------
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fABLE 9. 

Rm.nN /..L DIGJ.~TION OF CELIDLOOE. 

Sheep Condition Period of Number of Average ~ Average ~ % Cellulose Average ~ cellulose Average % 
No. of rumen. e1,posu1:e periods total loss loss due in sample. in residues calc. cellulose 

~o digest- expo sed. to leach- on original weif·ht digested. 
I On. rn3· of samp.e. (a - b). . a- b. 

58 Free from 24 hours 4 41.2 25.5 40.9 30.o 10.9 

59 infusoria 24 " 4 41.0 2b.5 40.9 28.3 12.6 

58 do. 48 " 3 46.8 2b.5 40.9 26.1 14.8 

59 do. 48 " 3 49.9 25.5 40.9 23.8 17.1 

--
58 Infected 24 hour..s 3 40.3 2!>.5 4o.9 "27.0 13.9 

with 
o9 infusoria 24 " 3 43.6 25.5 4o.9 25.7 lb.2 

58. do. 48 hours 3 43.3 25.b 40.9 26.9 14.0 

59 do. 48 " ~ 48.b 2o.o 40.9 24.1 16.8 
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~LATE I. Infusorial digestion of starch: Gen. entodinium. 

1. Hune;;ry .£ntodin1urn X 500. 

2. Freshly ingePted ste.rch t2:ranule. X 220. 

3. Brov:n granules gathering within infusorium after l hour. 
X 220. 

4. Increased brown granules after 2 hours. 

5. uomplete obli tere.tion of struoture by brown granules -
6 houre. 

6. Grs.nules losing their iodophilic reaction - 18 hours. 

7. Further advanoed sta&e after 24 hours. At 48 hours the 

granules are usually translucent again. 

~LATE II 1 Infusorial digestion of starch: Gen. Diulodiniuw. 

1. Hungry Di·.)lOdin.l.urn. X 270 • 
. 

2. Vreshly ingested starch &ranula. X 270. 

3. Brown granules gath~ring l hour after 1nge~t1on of 

granule. X 2?0. 

4. aro~n granules increased 2 hours after feening. 

5. 3ome freshly ingested starch granules 6 hourn after 

in1 t1al feed. 

6. Brown granules masking infusorial structure after 18 

hours. 

7. Granules cle&ri~ up efter 24 hJure. 

of 
PLATE III. Photo/coloured plate showing digestion of 

starch granule within an infulorium. Gen. Entod1n1um. 

a = anus. 

s c starch granule. 

n = nucleus. 

m • mouth. 

d • glys•gen containing bacteria. 

e a discharge through anus. 

D1f!!st1on cycle: 

1. Hungry 1ntueor1um containing some transparent bacteria. 

2. I . ........ . 
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2. Intusorium with freshly ingested starch granule. 

3. Engorged infusorlum showing commencement of bacterial 

synthesis of glycogen. 

4. Synthesiaed glycogen staining brown in the bacteria 

contained within the infusorium. 

5. Disintegrati·on of starch granule commenced. 

6. Accumulated masses of glycogen containing bacteria with 

expulsion of some from anus. 

7. Complete disintegration of starch granule leaving only . 

a dark mass of iodophilic bacteria. 

a. Almost complete metabolism of glycogen b.1 bacteria. 
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4 

PLATE I. 

INFUSORIAL DIGESTION OF STARCH 

-..­
·! 

1 

X 270 

X 220 

GEl\rus· ENTODINIUM. 
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PLATE 2 

Infu&orial Di~e&tion of 8t;arch : Genus Diplodina\1m. 

1 X 220 · 

- 2 

: 

3 

4 5 
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PLATE 3. 

PHOTO OF COLOURED PLAT~ SHOWING DIGESTION OF 

STARCH GRANULES WI THIN AN INFUSORIUM. 

X 220 
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48. 

I!I. B. (1) 

BACTER.IAL POPULATIONS IN RELATION TO DIET WITH 

PAHTICuLAR fu~FERF~NCE TO THE NITROGEN; CARBOHYDRATE 

AND aiNERAL Lf.VELS OF TKE FEED. 

1. L1 terature. 

2. §._xperime_n!!!.. 

3. Discussion ot exner.imental resu1 ts. . -
(a) the influenoe or the nitrogen and carbohytlrate content 

of the diet on the number ot rumtnal bacteria nresent. 

(b) the influence of minerals on th~ rum1na1 microtlora. 

4. Conclusions. 

1. Li t.e~_ra_...t ... u.._re. 

Hart et al (1939) studied the effects of the 

substituion of urea for the nrotein nortion of the food, and 

attempted to draw conclusions in regard to the number of 

ruminal bacteria in their exnerimental animals by making 

bacterial cultures from rum1nal contents taken after death . 
of the animal. They concluded "that no essential qualitative 

or quantitative d~fferenoes were revealed". The culture tech­

nique used by these authors was not deocr1bed. This 1s the 

only reference traced in the literature relevant to the deter­

mination of the num't)6r of bacteria in the rumen of animals. 

Reference to the rum1nel bacteria has been made freely by 

several research workers; the amount of digestible protein 

derived from rumen bacteria has even been calculated by 

Schwarz (1925). Notwithstanding all this interest and acti­

vity no technique for the counting of these micro-organisms 

has as yet been evol·ved, and consequently no information 1s 

available in regard to the variety and density of the ruminal 

bacteria. 

2. Ex-gerimental. 

In order to ascertain the relationship existing 

between the number of bacteria in the rumen and.their 

nutritional/ •••••••••• 
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48 (a) 

III. B. RUMINAL BACTEHIA. 

(1) Bacterial populations in relation to diet with 

particular reference to the ni trogsn, carbo­

hydrate and mineral levels ot the feed. 

(2) The digestion o'!' starch by ruminal bacteria. 

(3) Cellulose digestion aa influenced by 

(a) the bacterial popul~tion of the rume~. 

(b) the lignification of plant tissues. 

(e) the nitrogen and carbohydrate content 

ot the teed. 

(4) The possibility of oyst1ne synthesis 1n the 

rumen and i te relationship to n1 trogen · 

metabolism. 

(5) The utilisation of urea by rum1nal m1cre­

organisms. 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



49. 

nutri t1otl&l requirements, it was deemed advisable to 

tabulate the different rations that were ted to the sheen 

over extended )er1ods during which counts of the ruminal 

bacteria were regularly undertaken (table 10). Counts were 

made accor(Ung to the technique described aboYe. Grouua 

comprising five to twenty sheep at a time were used and the 

average bacterial counts tor tne groups taken during the 

different periods. As a rule tnere were very small 1ndi vi­

dual variations in the bacterial counts, excepting ~en a 

sheep went off its toed, or if, for some reason or another 

it d~veloped unfavourable conditions in the rum~n. 

It w1ll be observed trom the data given below that 

a number ot the rations were t..otue.lly used as exoerimental 

rations in other sections of ~11s work ana will be discussed 

again, though from another point of view. 

Tnree different basal rations consisting of wheat 

straw, mature veld hay and lucerne hay were employed 

throughout. These were fed as roughage, firstly, without 

supplementation and afterwards were supplemented by various 

teeds, e.g. urea (a non-protein-nitrogen compound), minerals 

in the form of bone meal, an amino acid. Viz cystine, 

dextrin1sed starch, yellow crushed maize, meat meal and white 

fish meal. Observations made on sheep running on natural 

pasture during different seasons of the year are also 

included. 

~. Discuee1on of ~er1mental results. 

(a) The influence of the nitrogen and carbohydrate 

content of the diet on the number of rum1nal bacteria nresent. 

According to a statistical analysis of the bacterial 

populations present in the rumen under diff&rent exuerimental 

condition/ •••••••••• 
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conditions, the difference between any t~o counts must be 

of the order of 255 x 106 per cubic centimetre to be of 

significance. This ~111 be borne in mind in the discussion 

of these resul te. From t9.ble 10 it a-poears that sheen on a 

dsily diet of 600 grams of wheat straw only, had a bacterial 

population of 580 m1111on per co. Sunnlementation of this 

diet, Which contained approximately 0.3 oer cent. nitrogen 

(protein. N x 6.25), ~th 200 grams of dextrinisod starch, 

which is prectioally free of nitrogen, produced no significant 

increase in the bacterial populs.tion. When, however, 5 grams 

of urea (: 2.33 grams of non-protein-nitrogen) was added to 

the wheat-straw-dextrinlee~-staroh retion, there was a 

significant respouse "nd the bacterial nore increased by 74 

per cent. On subetitutng whit~ fish me~l containing a 

oorresoonding L~ount of nitrogen, for the urea, the bacterial 

population increased by 206 per oent. 

Ae the diet oo~nosed of wheat straw was very low 

in nitrogen s.s well es in starch, it ooul<l not maintain the 

bacterial pooulation at the normal level. The bacterial 

population varies with the diet, but as will be seen from 

the table, a ~heat straw diet correctly sunnleroented (e.g. 

trial No. 4) should maintain a flora of approximately 1800 

million per cc. Conseque~tly t.bere appears to be little 

doubt thet with sufficient carbohydrate present, nitrogen was 

the limiting factor to bacterial :9roliferat1on. 1'h1s is 

further borne out b,y the counts observed in teeuing trials 

Nos. 7, A, 9 and 10. In trial 7, only ?.7 per cent. of maize 

we.s ad~ecl to the re.tion ocmpe.red to 17.0 per cent. ot meat 

mer~l contr ining 80 per cent. of protein. T.his oonst1 tuted a 

rstion deficient in starch, with an excess of nitrogen. A 

bacterial count of 12,)0 million, which ie \'rell below the 

norm.al I . ........ . 
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normal count exvected was observed. On increasing the 

percentage of ms.ize to 30, that ·is, to a more or less normal 

level, and maintaining an excess of meat meal, the bacterial 

growth was a till depressed. An excess of n1 trogen, therefore, 

exercised. an 1nhib1 tory influence on bacterial nroliferation, 

not quite to the same extent as. in the case of a nitrogen 

deficiency. 

A further trial (No. 9) was undertaken to obaerve 

the effects of a diet containing the amount of caruohydrate 

normally required and supnlemented with t•~ the necessary 

amount of n1 trogen. In this instance the bacterial pOl)ulation 

increased by: 46 -oar oent and reached. the same level aa was 

obtained on a balanced diet of t~e same com~onents in trial 

.No. 10. It is interesting to note that the exryeriiilental 

ani.nale actually lost weight (on an average 2 lb. per sheep) 

during reeding trials number 7 an~ n, although 4iff1c1ent 

nliltrients were i.ngestert. by them a.t least to maintain their 

body weignt. An excess of nitrogen in t~e t~rm of ~eat meal 

therefore proved ha~~ful not only to the rumina! flora but 

also to tne host anim&l itself. 

liith reg.i.rd to the influence of c3.rbonydratos on 

the oactel'lk.l l:)O"pUl~ti.Jn, it wu found thn.t the addition of 

200 grams of dextr1n1s&d etaroh to a diet of cOO gr&ms of veld 

hay did not 1nrorove the bacterial populvt1on eignif'io&lltly 

(trials 12 and 13). With the adcl.it1on of 100 grams or 

maize to a veld hay diet and sufficient meat m5al to keep 

the sheen in nitrogen equilibrium, the baoter·ial flora 

doubled itself. With a further increase in oaroohydrate to 

200 grams and. a reduction 1n meat ms8.l (trial 18), to keen 

the nitrogen level constant, the bacterial population 

increased slightly from 1785 to 1964 million oer cc. On 

feeding ~t a 300 gram level of maize, •hich now in itself 

provided. I . ........ . 
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proVided sufficient nitrogen for maintenance, a decreased 

b&oteri&l proliferation was brought about. The uopul~tion 

was lowered to 1567 million, i.e. bf 24 ner cent. Sheep 

w~ioh continued receiving a small amount of meat meal 

toeether with -large ma1se supple~ent showed a similar 

d£pression. It appears therefore tnat of the different levels 

at which maize was supplements~, the amount of 200 grams had 

the most favourable 1nfluenoe en bs.cterial growth, orovided 

a~equate nitrogen was present. As is the case with nitrogen, 

both a. d.efio1eno,y and an excess of carbohydrat~ had an 

ir.hi'bi tory influence on ·oaotertal prolifera.tlo.n. Optimal 

conditions tor bacterial growth in the rumen are therefore 

created when the animal receives a balanced ration as in 

period 6, table 15. 

!ABLE LO. 

Bacterial u0pulat1ons in relation to different d~ets. 

I. Wheat straw. 

Feeding Diet 
tr1~1 t;o. 

1 Wheat straw (600 g~,ms) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

• 
• 

It 

.. 

" 

+ dext. etarch 
{ ?00 gral"s ) 

+ dext. staroh + 
urea 

-r dext. starch + 
whit~ 'f'i~h meal 

... dext. starch -r 
bone WP. al. 

+ bone ~e&l 

;- ~1ze + meat meal 

" + meat !'Ileal 

... .. 

• " 

Ration No. Bacterial count 
ner cubic oent1-
metl"e. X 10t:> 

ll 

13 

18 

19 

14 

15 

16 

17 

580 

612 and 837 

1068 

1875 

1106 

1094 

1200 

1244 

1818 

1090 

II. V~ld Hal./• •.•..•••• 
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II. Veld Ha;y. 

Feediug Diet 
tr!.al :~o. 

11. t,;a tural veld ad 11. b. 
{ ta.ule No. 5). 

12 

13 

1£1 

(a) Ju~y (midwinter) 

(b) Jam.tiU'Y ( su.umf:r) 

Veld hay (600 ~:c·ame) 

" " 
.. 

.. " 
M 

II .. 

;- de. xt. starch 
(200 grams) 

+ o.~xt. 6 t~roh 
+ bone meal. 
1· 1vne: n~ecl 

-i· mae.t ruev1 

-t· mai z,e ( lOl~ 
grams) + 
meat mt&.l. 

+ maize (200 
&rar.us) 1-
naeat meal. 

;- maize (300 
grame) in 
exress. 

Ill. Lucerne. 

20 

21 

22 

Dry luc~rne h~y (500 

II II 

u n 

grams) 
-t me.1 z.t: 
(300 grams) 
1 oys t1Lle 
( 1 gre..m). 

Graen luoerne (BOO gm.) 

Ration No. Daoterial count 
ner cubic oenti­
ine tre. X 106 

Period 2, 
table 15. 
Period 4 
table 15. 

Period o, 
table 15. 

.Fei·iod ? , 
tabla 15. 

-- g 

lOG? 

1889 

P80 

991 

1254 

1102 

15~? 

1?85 

1964 

1567 

l9f6 

1874 

2330 

1~71. 

3hcap .vn a ,~ry l.uo~rne :C.u•) diet showed no !!ignifi­

oant chan~a~ 1n tht. r ... , ... ...abt.. r of ta~ll· I·um1ns.l Lac ter·ia 1'\:Uen the 

ra t1on • ~s suoplem€ ntcd v.ri th 1l&1ze. T"t .. ie i..S urolis..i.:,:iy a.ue 

p.artly to the fact th&t the cont.)OS1 tion of a good lucerne hay 

s.ppl .. os.ches that of a l.:.ialanced ration for ruatu.re s~e.e-o. 

Lucerne ls, however, known to be lnw ir. c;yatine (Haag, 1931); 

sup...:lementation of luclerne h!i:y rrl th one ~ram of cyntine daily 

s t1mulated. bflcterial pro11:ferat1on from l;;l5o milli0n to 2330 

million, i.e. an 1norsaee of 20 ;1er cent. '!his indicates 

that I . ........ . 
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that a cystine deficiency had a limiting influence on 

bacterial multiplication. 

(b) The influence of minerals on the ruminal 

.!_icroflora. 

While some organisms multi~ly on a comparatively 

simple medium, it is usually necessary to suonly protein, 

carbohydrates, and mineral salts if a profuse growth of 

pathogenic bacteria is required. For the optimal growth of 

ruminal bacteria, the majority ot which are nrobably non­

pathogenic, one would also expect that at least these three 

main constituents of orotoplasm would be required in the 

medium. A deficiency of either nitrogen or carbohydrate has 

been shown above to have an inhibitory influenoe·on the 

ruminal organisms. The influence of the third factor viz. 

minerals, will now be discussed on the basis of the results 

tabulated above. 

On a diet of veld hay suoolemented with dextr1n1sed 

ataroh (trial 13), the average bacterial count was found to 

be 991 million. Both the hay and the starch was deficient 

in phosphates. After feeding 10 grams of bone meal daily 

( ~osoontent = 20 per cent.), to the sheep tor 10 days, the 

average counts were found to have increased to 1254 from 991 

million, i.e. by 26 per cent. over a period of several weeks. 

On repetition of the experiment, using wheat straw instead 

of veld hay (trial 5), the bacterial population increased 

from 837 to 1106 million per cc., that is b.J 32 per cent. 

The increase in both trials was definitely significant. The 

ration of mature veld hay is comparable to that received by 

the majority of farm animals in large areas of the Union 

during autumn and winter, so that, although there would be no 

improvement 1n the amount of cellulose ,_1p;eeted by the 

augmented/ •••••••••• 
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augmented bacterial flora (vide section III B (3) ), the 

animal would at least benefit to the extent of an increased 

amount of bacterial protein in the rumen. If the same basis 

of calculation is used as in Section III.B (4), a sheep 

would derive apnroximately 2.5& grams more nrotein per day 

from its ruminal bacteria, should it be supnlemented with 

10 grams of bone meal daily. The increased bacterial 

protein must, however, be derived in part at least from other 

proteins already preeent 1n the rumt~n ingesta and bone meal, 

so that the ef'feot of bone meal on the rumen flora vYould be 

to orovide an increased amount of easily digestible nrotein 

at the ex,ense of other less eaaily digestible protein&. 

Whether this is of significance to the animal in such small 

amounts is doubtful. 

Results of experiments conducted by iicAne..lly and iiaclean 

(1935) indicated that yeasts could synthesiae much more 

glycogen and other uolyaaooharides from available sugar when 

phosnhates were added to the cultural medium. It is nrobable 

therefore, that the addition of nhos~hates to the diet ot 

ruminG.nts would also increase the capaoi ty of the ruminal 

microflora to synthesise such polysaccharides. This ~~uld be 

beneficial to the host s.nimal in so far as it would lead to 

the conservation or an increased amount of carbohydrate 

which would otherwise undergo complete oXidation 1n the 

rumen. This would applJ particularly to a teed like lucerne 

in which carbohydrates are ~resent mainly as sugars which 

are easily fermentable and rapidly oxidised. With this lose 

of energy the ruminant probably does not ·de:r.'i ve the ftlll 

benefits or the sugar stored 1n lucerne. Attempts to produce 

fat lambs 1n the Union on lucerne have failed so far, notwith­

standinp, the fact that lucerne theoretically contains 

sufficient nitrog~n and soluble carbohydrates to produce fat 

lambs. The cause of this failure has however, not yet been 

elucidated. 
III./ •••......• 
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III. B. (2). 

BACTERIAL DIGESTION AND SYNTHE9IS OF STARCH. 

1. L1 tera Lure. 

2. &.ctE:riel. dieinte~Zrat.ion of starch granules w1 thin the 

rumen. 

3. Rate of dis1ntegre.t1on. of ms.iae ate.rc:Q 

(a) in rumen ¥.1.tli dev&loped flor&., 

(b) in rumen with undeveloued fl~ra. 

4. Rate of disintegration, of starch grftnules ot different 

cereals. 

5. The d1gt;stion ot starch in the ru~ 

6. 'fl-pes or l'u.mlnal 1odooh1.l1c rnic:ro-organiems &tno the1 r 

t·eaotion to &loohols e.nd oarLo.hydratee. 

7. Iaol~~~J!E_~donhilic stra~ocooc~s and some of 1te 

ch&racterletios. __ , __ _ 
l. L1 terature. 

A low-power m1croscop1o examination or rum~n ingesta 

sr.~.owe that infusoria are the most conepiouous organlsns. A 

more detailed examination, however, also reveals the nresence 

of large numbers of non-pathogenic b&ctsria, y~b:ts, fungi 

and apirochaetes constituting the mlcroflo~ of the rumen. 

Non-pathogenic bacteria ar£ ot p:reat slgnlficA.nce in biolog). 

The fertility or the soil, production of sil~6e, end the 

digestion of m&eses of.f1bre in the rumen and l!:!.rge intestine& 

or hertivorous animals are processea singularly denend&nt 

upon a microflora and its products. Thue ~~e eel! carries 

1 ts own microflore., throu~:h whlcb life and f'ert111 t,- are 

either promoted or alternat1'tely depressed by the production 

of toxins (Neileon-Jones, w., 1941). 

Similarly the production of good s1ltge 1a 

dependant upon the definite reaction ~nich ls ectcrmined b,y 

the m1crotlora present and which in turn is controlle~ bf 

the I .... ..... . 
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the compoaition ot the materials (Smith, 1938). The rumen 

and tbe large intestines ot herbivores are large storage 

orgsr~ ln which m1oro-organ1sme digest cellulosic structures 

and mAica available to the host animal previourly encrustated 

tooa mcl.ter·ials such ae pectins, u1·ote1ns and carbohydrates 

(~eyc1r, t•i., 192?). ~yer h&.a eho11m that in this process the 

cell ruembranea firs"li i.leuorne swol.lt:n, t.h~u they auuesr lighter 

in colour, and with progroasi ve dlges tion the cellulose 

lam~llae become torn, oavi ties are formed aud d.ieintegrs.t1on 

sets 1n. The 'bacteria are aeen surrounding tt ... e cells and 

later penetrating 1nto the interior ~·he::-e the digestive 

proc&ss is cont1nueu. 

Ba1.er s.nc! Ma1•t1n (1038) &.lao 1nYesti~;ateu the 

die1ntogration of oell-wall subst&nces 1n the gastro­

intcstim:,J. trs.ct of hert:1 vors.. According to them disinte­

gration is evidenced by tbe forTr.ation of cle'lrl,y defined zones 

of eroc1on, with changes itl microohemio£.1 and staining 

reaction£ associated w1th micellar diBorg~n1sat1on. Cellulose, 

hem1oelluloses and Deot1c substances are d1tsol·~eo., -.bile 

cutin snd heavily lignified structi.lres entirely rcalst atte.ek. 

In the caecum of the guinea pig, the rabtit and the horse, aa 

wt::ll as in the rumen of the sheep, the primary agents of 

this c~s1ntegrat1on were found to be iodophilic micro­

orgsnisms, giving a blue (amylodextrin) reaction with iodine. 

There is vert 11 ttle information to ·be :found in t.he literature 

on the digestion ln the rumen of the remaining foodstuffs, 

namely protein, fats and starch. ~ngold and 3chmitt-Krahmer 

(1927) demonstrated bacterial digestion of fata in the rumen. 

Ferber (1928) thowed that infusoria rea~1ly ingested tat 

droplets, and that these fats were digested within the 

organism by bacteria. 

S.OjJter and ii.artin (1933) observed that in the 

caeoum/ •••••••••• 
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caecum of the horse there was a deposition or ~olyaaooha­

rides in t.he indi~Ewous •nlcro-orga.nisms. T'ne indication 1e 

thel~fo~, that these organisms had the a~111ty to form 

staroh-lih.a polysa.ooha.rides within their own bodies, from 

t:ne surroundil'lg medlum oontaining cellulose and oth.,r 

eneruste.ted foodrnaterials, or l)ther termei1ta.t1on ).roduots. 

81noe no rseee.rchee on bacterial (Ugeetion or 
starchee 1n the ~~men are recorded, this study was undertaken 

in sn attempt to elucidate soma aspects of this uroblem. 

2. ~TEniAL DISIUT:ii:CRA'fiJI OF 6'!ARCH GRAt.JUL.!i:S 

WI THJ..N 'fHc£ ~u~tEU. 

Eight fistula sheep were pl&ce1 on a wheat-:Jtraw 

diet wi th•Jut any chemoally detectable starch. On this diet 

the mult1plioa.t1on of starch digesting bacteria in the rumen 

could be controlled either by the addi t1on or the reduction 

of starehes or sugars. 

The sheep were aleo fY"eed from 1nfusor1a by oop-oer 

sulphate ad1111n1strat1on some weeks brtfor-e, so as to have all 

the starch e.dmln1etered into the rumen avalJ.able for . .md1!1-

turbed bacterial dlg~stion only, 

SP'&ars were mrl.de daily troom T"umen \nr.;eFt:~, w1th­

CJ.rewn through the fit~~tule, by ad.<1ing ft dt"Ofl of J..ueol 1 9 10d1ne 

to e. dz-on or rumlnE'l. inge•tl' Of\ I! t~11t'le e.n" eove,.etl by a 

coversliP. Theme 1'H'8J'Hlrt-t1rme we~ th"" e.,.Prn1 f'!e~ for ets,rch 

granules. Wh~ n no ~ore granules e ou.l~ be set! n, f, ~rall'e of 

rrr.1ze starch l!l!S Ar'n'lntE!tere;J 1nto the rumen or er,oh or four 

eheep at 1\ tiMe. After this, srMll r. ~.m"!"!les (2 ct·. ' ,,f rumen 

1n~!!ta vr~re wi thd.re.rn hourly to f.,llow ur- the ':lrocese or 

d1s1ntegret1')n of the ~tar~h erar!ulefl. ~e rrep~Y-~.tlon or 

amaars wa! u~uall y oonti nuea until the stsrch w,c,.r. oomnletely 

t'1 r integra ttJrl. 

The mode of attack end d1e1nter.r~t1~n of the 

!! ta rch /. ~ •••••... · 
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starch granules ia clearly illustrated in nlate IV. Fig. 2 

shows a few slightly mauve ~occi adjacent to the starch 

granule, one hour after administration of the starch into 

the. rumen. Fig. 3 shows a starch granule w1 th double the 

number of mauve cocci around it, photographed one hour later. 

Fig. 4, taken three hours later again, shows an uncountable 

number of mauve and dark mauve organisms surrounding the 

atarch granule. 

Fig. 5, taken seven hours later illustrates 

another granule with almost a pure culture of iodonhilio 

streptococci surrounding it. The tynioal disintegration ot 

a atareh granule is well illustrated. It is excavated from 

the sides and there are bacteria tilling these cratere ~nd 

enlarging them until the granule breaks UP into fragments. 

In Fig. 6 the remnants ot such a granule are seen 

after having been in the rumen tor 24 hours. Only a mass 

ot dark mauve and brown cocci is lett. Some of these cocci 

are already losing their iodophilic reaction. Three or four 

hours later most ot them will have become translucent again 

unless fresh starch granules or sugars are introduced. 

Although in most instances there were numerous 

iodophilic organisms of various types present in the rumen, 

the disintegration of starch granules was mainly broufpt 

about by an iodophilic streptococcus usually present in 

large numbers. T.he disintegration followed a definite 

pattern. 

By incubating sterilised starch granules w1 th 

bacteria-free rum1nal fluid obtained both by centrifugation 

and filtration (Zeitz filter and collodion membranes), 

disintegration ot starch granules could not be produced. On 

the other hand, when incubated 1n a synthetic medium, similar 

to that used by Woodman and Stewart (1928), in their 

researches on cellulose digestion, with cultures of the 

iodo:pliilic / •••••••••• 
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1odonh1lio strentoooocus isolated from the rumen, starch was 

attacked as in the rumen, without noticeable eYolut1on of gas. 

Furthermore, disintegration of starch granules was 

never observed in the rumen if the granules were not attacked 

by iodophilic bacteria, ~ainly streptococci. 

It seems, therefore, that in the absence of 

diastatic enzyrnes in the saliva of the sheep, other diastatio 

enzymes were either not present in the rum1nal fluid, or 

otherwise .too dilute to have any percent1ble effect. Conse­

quantly, the only diastases present in the rumen seem to be 

those secreted by ruminal bacteria, which would then be 

responsible for the entire starch disintegration seen here. 

3. RAT.h; OF DISIN'l'EGRA'l'ION OF MAIZE STARCH GRA1~ULES. 

IN THE RUMEN. 

This is influenced by the presence in the rumen of:­

(a) A developed 1od0ph1lic flora. 

(b) An undeveloped flora. 

(a) ~eveloped flora: 

'l'o promote the develor>ment of a starch digesting 

flora 100 grams of maize starch wa.e administered d.aily 

tor 10 days through the fistula tube of a sheen on a hay 

diet. After this the rurnen wu prepared for starch d.igestion 

trials by omitting the administration of starch 48 hours 

before commencement of the trial. After this period the 

rumen had. become tree of a ta.rch a.nd the organisms had all 

lost their iodo9hilio reaction. Under these circumatances 

the rumen thus contains a rich 1odonh111c flora ready to 

attack any starch that may be administered. 

On the day of the trial 100 grams of maize starch 

was int~ro.duoed through the fistula ot each of three sheen, 

using/ •••••••.•••••. 
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using different sheep in subsequent trials. A small samnle 

(2-3 cc.) of rumen content was withdrawn for miorosconic 

examination at regular intervals of 30 minutes after 

administration of the starch. tiicrosoopic prenarations were 

made as in the preTious experiment. 'rhe procedure was 

continued until neither starch nor iodonhilic organisms could 

be seen in the preparations. 

'!'he results were briefly as follows:-

(1) After 30 minutes a few iodophilic strentococci were 

present around most starch grains, some of the organisms 

staining light mauve, whilst others were still trans­

lucent. Pseudo-yeasts (Fig. 5 (b), Plate V), disoersed 

in the medium, stained a pale-greenish-yellow with 

Lugol 1 s iodine. 

(2) After one hour the number of organis~s were notably 

increased and more of them staining mauve. 

(3) After 2 hours most starch grains were comnletely 

surrounded by iodophilic strentocoooi. A tyne of large 

iodophilic strentocoooue forming rather long chains was 

usually visible from this stage onwards. 

(4) After 3 hours layers of iodophilic streptococci were 

packed around practically all the starch grains with 

streptococcal chains and g~oupe ot tetracocci (Fig. 3, 

(b), Plate V) dispersed throughout the medium. 

(5) After 5 hours disintegration of starch granules 

commenced. 

(6) After 6t hours disintegration ot some starch granules 

was comnleted, and iodophilic bacteria were disuersed 

throughout the rum1nal fluid in large numbers.. (Plate V, 

fig. 3, (a), (b) and (c) ). Both pseudo-yeasts and the 

ciga~shaped bacilli (Fig. 5(a), Plate V), commenced to 

show iodophilic reactions at this stage. 

(7) After 18 hours only remnants of starch granules were 

present/ •••••••••• 
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were present. these were surrounded by masses ot 

etre~tocooci, most of which had become translucent again. 

T.he iodoohilio micro-organisms that were disnersed 

throughout the ruminal fluid were rare because they had 

coiRDletely metabolised the polyeaochar1d.es resnoneible 

for their previous 1odonhilic reactions. 

(8) After 20 hours there were neither starch residues nor 

iodonhilio reacting bacteria. Starch disintegration was 

therefore comnleted in from 18 to 20 hours. 

(b) Undeveloped flora. 

For the purpose of these observations 8 fistula 

sheep on a hay diet without starch suoolernentation were used. 

Microscopic examination of their rumen ingesta revealed no 

iodoohilio micro-organisms. The trials were carried out as 

in (a). 

(1) After lt hours, compared with 30 minutes in (a), translucent 

bacteria were seen in contiguity with the etRrch granules. 

(2) After 2! hours the organisms reacted to iodine, i.e. 

1! hours later than in (a). 

(3) Disintegration of starch granules commenced after 

7 hours, i.e. 2 hours later than in (a). 

(4) Disintegration was completed after 26-28 hours. In one 

sheen comylete disintegration took 36 hours. 

CONCLUSIONS. 

In the rumen ot sheen receiving a regular supply 

of starch in the diet the bacterial disintegration of starch 

granules commenced after 5 hours and was completed within 

18-20 hours, whilst in the case of sheep not receiving 

etaroh in the diet disintegration commenced after 7 hours; 

1 t was much slower and took 8-10 hours lonaer. In the shee-o 
·~ 

recei v1ng starch regularly, the 'bacterial flora concerned 1n 

the disintegration of starch i• well develOped and oonse­

quantly more organisms are available to attack the starch 

granules/ ••.••••• 
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granules. 

In the case of starch disintsgrated by bacteria 

within infusoria, it was shown above tha~ disintegration 

commenced after 5} hours and was completed within 24 hours. 

4. RATE OF DISINTEGRATION OF BTARCfl GHANiJLES OF 

DIFFERENT CEREALS. 

Using the same technique as in the previous 

experiment, a series of ex~eriments were conducted. to deter­

mine the rate of disintegration of the various cereal! that 

may be incorporated 1n the feed.s of ruminants. According to 

measurements taken b.Y the author in the course of this 

innst1gat1on, starch granules of the Yarioue cereals were 

found to differ 1n size and shaue, vide Table 11, below. 

Taylor and Iddlee (1926) have found that there is also a 

difference in oom?osition of the various starches. The sizes 

and shanes of the granules in a cereal also var), e.g. 

potato starch granules may vary in length from 9 to 72 

microns. Their ahaoe is either suherioal or oblong. The 

granules of maize, wheat, oats, rice and peanuts have a much 

more uniform anherical shape. 

In the table given below it is shown that stPrches 

with large granules are digested more slowly than those with 

small granules. Potato starch which has the largest granules, 

require 11 hours more than oats which has the smallest 

granules. The average maize ataroh granule hae l/3 the size 

of the average potato starch granule and is digested 10 

hours sooner than the latter. 

Table 11. / •••.••.. 
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TABLE 11. 

Comoarativ-e diameters of starch granules ~.n 1"!1!crons .lllld 

rate of digestion. 

Starch Largest Smalleet Average Time required for 
granule. grcnule. granule conrplete d.1gest1on. 

Potato 72 9 35 28-30 hours: 

Wheat 39 6 24 24-26 • 
&aize 18 3 12 18-22 " 
Peanut 15 3 9 18-22 '"' 
Rice 15 3 6 17-20 II 

Oats 12 3 6 l?-20 II 

From a statical analysis or the diameters of the 

different types of starch granules and the rate of digestion, 

a linear relationship was found to exist between the log. of 

the time and the diameter of the granule. 'l'he d.iatneter of 

starch granules therefore definitely influences their rate 

of disintegration in the rumen. 

5. THE DIGESTION OF STARCH WI'l1HIN THE RU!JJ!;!l. 

Degradation of starch usually results in the forma­

tion of soluble carbohydrates like dextrine ~1d sugars 

(:Slake, 1916, Sts.:rke, 1942}. It has been shown above that 

some of the products or st~t.rch ..,egranat1on are regynthesised 

into gly~ogen and starch-like polysaccharides in certain 

ruminal m1cra-organ1sms. 'fhe 9olysacohar1des thus formed . 
are utilised oy the organlams for their own metabolism as 

evidenced by the active division seen in the pseudo-yeasts 

during these stages. 

As weak organ1o (tatty) acids, e.g. acetic and 

lactic acid have been found to be usually 9~Aent in the 

rumen/ ••••••••.• · 
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rumen (Woodman, 1927), it is possible that these acida are 

.tel"Ulentli-t1on products of· somE:: of the soluble oaz··uoh~·d:ra.tes 

formed durin!; the pr•ooea1:1 of stv.r.Jh hy,1rolys1s. 'l'tleeP. acids 

are in turn changed into salts, e.g. acetateA and le.otates 

owing to the preaeuoe of l~rge amounts or carbonates 1n ~he 

rumen. 

The soluble caro~hydrates are therefore partly 

resynthesised into glycogen e.nd starch-like oolysaocna.rides 

and probably also ?&rtly changed into weak organic eoids and 

their salts. The percentage of atarch tor~ed into organic 

acids is unknown. Accorcling to Wood.IJian only about ffJ. of the 

tothl digestible carbohydrate of the food in the rumen is 

broken down to the gas and organic acid stage. He c.ssum~a 

oon.sequently, thfl.t approximat~ly s-,b of the e:ugar present in 

the rumen will underer,"'' further bs.oterial break.dot1rn, E;nd that 

the rest of~he sug~.r ~ill be absorbed in the al1rttentary 

tract of the animal. Woodman advanced these arguments to 

support hie theory that cellulose is broken down by bacterial 

digesti~n to oellobiose and thence to dextrose. He considers 

this comparable to the itgestion of starch which is first 

hydrolysed to mal tt?se, &nd then to dextrose, by enzyme action. 

Woodman's theory is therefore, that all carbohydrate; in the 

rumen ar-e ultimately broken down to dextrose e.nCI absorbed aa 

such excepting for ~possible ~ ~1ch are broken do~n by 

bacterial action to organic aeide and gases. 

liangold (1929) oo!)oeee Woodman 'e theory a.nd 

suggests that in the rumen, aubBtanoeA such as sugars, 

atarohes, and oelluloee, :ferment to :form ~es, organic 

fatty acids and alcohols. Neither Woodman nor u~gold, 

however, constder.ed the possibility that the microflora may 

be able to reform atarcll-11ke noly3acchar1des and glycogen 

from the breakdown products of starches intrOduced into the 

rumen. They regarded the micro-organisms only as aeoretors 

ot I . ........ . 
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hydrolytic entymes a.seisting 1n the breakdown of orgsnic 

m~ tter in the rumen. 

The amount of digeP.tible carbohydrates formed into 

acids a.nd e:;Ascs 1n the runen 1s d1ff1oult., if not 1Ir~1ossiLle, 

to assese, bec•use mater1sl is con~tAntly pessing out of the 

rumen to the omasun1 and ~ l.omasul'll, psrtioulP.rly dur1np; 

feeding (Q.uin ;r.nd V$.n cer 'Wa.th, 1938). lt is thu:: im~oesible 

to ce.lcl.l.late at any one moment, how much of a sub:::te..nce 

place~. in ths r.,;.,'tlen E:.t ~;, given time is still lt1f't in it at 

a lE-.ter stage. Under the:;e e.::.jerim£nta.l difficulties it is 

there for·e impossi tle to ev&lua.te the .i.mOWlt of £ tii.rcll 

digaste~ 1n th! va.rioue ways in wh.ich 1 t rnsy iJe ~eal t w1 th 

in the rumen. 

A Echematic presentation is given i.Jelow of ruminal 

digestion of starch, taeed. on the data obtained. in thie study 

as "7811 as on some known facts about st&rch h;rdrolyels. 

Ota.rch 
(a) .£ 
Passed cUrec tly 
from rumen to 
a bornasum and l n­
tes tines - hydro­
lysis by d1gest-
1 ve acids and 
enzymes. (Obser­
vations m.~de on 
sheep w1 th &bo­
m&eal f1e tula.) • 

aC:JiJ1ni&tt:l'et1 1nto the rumen. 
(b) 11-

FormC!tion or soluble u'i.rtohydl'atc:e in 
rumtn by ths action of bact~r1al diastatic 
enz:rmes and uospibly also maltaFe of the 
endor.perm. 

(c~ Starch and glycogen 
are eynthes3 sed in 1 o<:1.o­
phil1c organisms. 

~ 
(e) 
Passed to 
aLoma,f!um 
£;nd intes­
t1nee ~na_ 
d1geeted 
by proteo­
lytic 11.nd 
othf'r d1-
s-eet1 ve 
enzy't!'leP. 

(t) 
Production 
of hee.t, 
enerBY ttnd 
gae in bac­
terial metE.­
boliem. 

J, 
(d) Portion or 
e ol. oarboh;ytira te 
torn1ed into weak 
orga.nio &e1ds 
(chiefly fatty ao~ 
e. g. P.cet1c and 
lactic ecid and gM 
( '!!OOdt"lH.n) • 

(g) \ 
~ 

F·ormei't 1nto the 
e al tfl of these 
a.cidE. V 
PF-ssed to abomasum 

6. TYfES/ •••.....•• 
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6. TYPES OF RU~INAL IODOPHILIC MICRO-ORGANISMS AND 

THEIR REACTION TO ALCOHOLS, AND CARBOHYDRATE~. 

In studying the digestion of starch in the rumen 

aeveral types of iodophilic micro-organisms were observed when 

sheep were fed either starches or sugars. Baker and Martin 

(1937) described the iodophilic organisms encountered in a 

study of cellulose digestion in the caecum of the rabbit. 

They found similar.organisms in the caecum of the horse and 

guinea pig and subsequently (1938) also in the rumen of the 

sheep. They concluded that the primary agents in the disinte­

gration of cell wall substances in the rumen were iodoohil1o 

micro-organisms, very similar to thos~ observed in the horse, 

guinea pig and rabbit. By using special methode these 

investigators cliam to have observed iodophilic bacteria 1n 

the interior of lacunae formed in the cellulose particles. 

The iodophilic bacteria and pseudo-yeasts concerned in the 

digestion of starch in the rumen can be demonstrated without 

difficulty by using Gram's or Lugol 1 s iodine. To a drop of 

ruminal fluid on adlean slide a drop of Gram's iodine is 

added and covered with a thin coverslip. Any iodophilic 

organisms, whether brown or blue, are immediately discerned. 

The bacteria and pseudo-yeasts enumerated below 

(table 12), were observed 1nthe rumen of the sheep used 1n 

these experiments. Apart from their size and physiological 

action, detailed descriptions of these organisms will not be 

given. They are olearly illustrated in phot-miorographs 

Noe. 1 to 5, Plate v. 

TABLE No. 12/ ••.•.•• 
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TA f-JLE NO. 12. 

-------------------
Micro-organisms. 

Strevtococcus (~noto l, 
Plate V). 

Stre.,tocoocus, large type •. 
lPhoto 2 Plate V). 

Tet~aooccus fPhoto 3(b), 
Plate V). 

2mall bacilli - various 
types (photos 3(c) and 
5, PlE..te V.) 

Large iod.oph. cisa.r-shapt1d 
bao. (Photo 5(a), Plate V) 

Pseudo-yeasts, dividing b7 
binary f~sei'n (Photos 4 
and 5(b) ,· Plate V.) 

Size 
TmlcronsJ 

.65 

1.35 
5 X 5 

( .5 X 3 
( 
( .5 X 2 

(2.5 X 16 
( 4 X 13 

4 :X: 8 

G YOOfl:en StarCh 

X 

X 

X 

X 
X 

X 

X 

In the course ot this study it was observed that 

these iodophilic organisms reacted. d.ifferently to different 

carbohydrates, e. g. starch and. glucose. If f:"l ucose was 

administered into the rumen, the pseu4o-yeasts and some 

bacteria, especially the eocci, soon reacted iodonhilioelly 

by staining dark brown and blue, resuectively. When starch 

was administered these organisms reacted si~ilarly, but the 

reaction was much delayed and not aa atro~. It wae the~efore 

decided to test the reaction of the iodonhilic flora to the 

introduction of various alcohols, sugars and. other o!lrbohy­

drates, into small quantities (10 co.) of ruminal ingesta 

incubated at 39°C. immediately after withdrawal from the rumen. 

The test material was used 1n concentrations of two and five 

per cent in the rum1nal ingesta. Microeconic preuarations 

stained with Lugol 1s 1odineW.re made and examined after 15 

minutes, 45 minutes, 3 hours and in some instances 20 hcurs 

after the commencement of incubation. The observations on 

starch were carried out in vivo at the same time and on the 

same sheep. 

'ftle /. • • •• • • ••• 

• 
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The results are tab"lated below (Table 13). 

It will ~ observwd that: 

( 1) 'l'he three oentoses used ne.rtely, arabinose., xyloge end 

rhamnose were not assimilated by the micro-or?"'!nisms to 

to~ 1odonh111o polysaccharides. !he other ~onosaccha- · 

rid.es tlsed were hexose e. Ot these dextrose (glucose) 

and laevulose (fructose) were very rea~ily as~1~1lated 

~.nd condensed 1nt., 1odonh111o ,olysaechar1d.es. Galactose•, 

however, produced an 1odotih111o reaction in the oigar­

sha-,Jed bacillus only. 

( 2) 'l'h.e d.isaeoharid.es l!al tose s.nd saccharose ~re aee-1m1lated 

by all ty-pe£ of iodophilic m1cro-orgf.n1ems, but not ItS 

fast as laevulose and dextrose. Lactose and cellobiose 

produced delayed 1odouh111o reactions in the h~cter!a 

only. 

( 3) '!he tr1eaochar1d£·, re.ffinose, produced e..n er.rly 

1od.oph111o reaction in all type~ of' 1odo:nhil1c organisms. 

(4) A.monget the _polysaoohe.r1des, starch nnd oect1ne nhor~d 

delaye~ reactions in the baeter1e nn~ to a les~er extent 
I 

in the pseudo-yeasts as ~11. The rea~1ly soluble ooly­

·aacoharidee inulin and soluble starch were ass!mil~ted 

w1th1n 15 ane.. 45 mlnutes respectively. 

(5) Of the alcohols, 1sodulc1te nrod.uced no 1od.o·nh1lic 

reaction, whilst m1nn1 te and. sorbi te were ass1rr.1le.ted 

soon, although"the last neme~ wae ap~arently ~oorly 

asslmilsted by bB.cteria. 

CO}!CLUSIONS. · 

(1) Of all the substr&tes used, laevulose (fructose) and 

dextrose (glucose) were most rea~ily assimil~ted by the 

1odO?h111o flora, as judged bytheir intense 1od~;)h111o 

reaction. 

(2) Starch was met&bolieed, but very slowly, urob~bly owing 

to I ......... . 
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!ABLE 1a. 

RATIOB OF RUlliNAL IODOPlH:LIC XI GRO-ORGABISMS TO ALCOHOLS ,SUGARS AND OTHER SOL. C.!RB CHYDRATES. 

Substrate :lature of 
substrate--- 15 mlnu'£es 

Galactose •onosaoch. Cigar shaped baa. light 
blue 

_l.rabinose 

Xylose 

Rhamnose 

Glucose 

LaeTulose 
(Fructose) 

" 

" 
" 
" 

" ) 

neg. 

neg. 

Pseudo-yeasts - dark 
)\,.,._ an,. -n1l An 

Cigar.bao.: ~ar~ D~ue 
bands. 
Bacteria: blue 

) As for glucose, but 
) more blue bacteria. 

Lactose Disaooh. neg. 
Maltose " ) 

) As for gl~oose. 

Saccharose " ) As for glucose, but 
) Pseudo-reaats only 
) showing brown patches. 

Cellobiose neg. 

Raffinose Trisaoch. Pseudo-Teasts: light 
brown 

Ciear. bao.: blue bands 
:Bact.: soote are light 

blue. 

.Uannite Alcohol 

Sorbi te " 

Isoduloite " 

Inosite Jenzol 
Salle in Glucoside) 

) 
) 

Ps. -7easts: brown poles 

Cigar. Bac.:blue bands. 
Bact.: light blue 

Ps.-reasts; liBht brown) 
Cigart bact.: bluebands) 
Bact.: neg. ) 

neg. 

neg. 
Ps.-7easts:brown poles 
Cigar. bao.: blue 
Baot.: neg. 

Inulill 
Ps.-7easts:'brown spots 

Polysaooh. Cigar.bac.:li&ht blue 
Baat.: neg. 

Pectia 

uatreated 
)(aize staroh 

Soluble 
S"aroh 

neg. 

neg. 
11 

" neg. 

Period of incubation and reaction of orgs. 
20 hours. 45 minntes. 3 hours. 

A.a at 15 m1nu tee. 

neg. 

neg. 

neg. 

) 
\ 
1 AS a~ ~a m~nu~e~. 
) 
) 

) 
) Aa at l~ minutes 
) 

neg. 
) 
) As at 15 minutes. 

) 
) As at 15 minutes. 
) 

Some small bact. brown. 

- deeper brown 
- deep blue 
- light blue 

-brown extending from 
poles. 

-blue throughout 
-light blue 

AS at lb •inutes. 

neg. 

neg. 
-b:rowt1 
-dark blue 
-~mall no. blue. 

( Spots. 
(-larger 
(-light blue 
(-n•8• 

nsg. 

neg. 

Ps.-y-easts: light brown) 
Cigar. 'bac .: neg. ) 
Baot.: J'a1rly- nWDeroua ) 

blue ) 

AS at 16 ainu tee. 

neg. 

nes. 

) 
\ 

I AD AU •v ••w~••v• 
) 
) Many more blue baet. 

) 
) As at 4o minutes. 
) but nwaerous blue baoteria. 

Cigar. bao.: blue. 
) 
) As at 46 minutes. 

) 
) Pseudo-yeasts: clark 
) brown and swollen. 

Fairly numerous browa 8Jld 
blue baat. 

) 
) As at 4~ minutes. 

- dark brown 

- dark blue 
- blue, 

) - broWD poles. 
) - blue 
) .... blue bact. rare. 

neg. 

neg. 
) 
) AS a~ 4b minutes. 
) 

Brown a_pots. 
- and I>Oles 
- 'blue 
- small no. blue 

neg. 

) 

- brown 
- blue 
- fair no. blue 

(Ps.-yeasts-some are 
( brown. 
(C1sar.bao.- neg. 
(Bact.: Fairly nume-
( roue blue ones. 

(Pa.-yeaats:some brown 
(Cigar. bao. : neg. 
(Bact.:fa1r no. blue. 

As at 46 minutes ) A• at Z hours. 
) 
) 
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to 1 ts 1naolubi11 ty anrt compllexmoleoulRr struoture. 

(3} The nentoaee did not produce 1odonhilic reactions in 

any of the ruminal m1cro-org~nisms~ These substances 

ha.Ye been sho1trn not to ·oo fermented "Jy yeasts (Pl1.,-ner, 

194.0). 

( 4) Cellobiose, der"ived. from cellulose, produced a delayed. 

iod~ph111c re&ction. 

(5) Some e.lcoholll! are !.ss1m11etle by the ruminal 1'11croflora. 

It appears there1'ors that the m1oroflora of the 

rumen c~n res1m1lute s. ,_,1d.e ra~e or carbOhydrates. lftl.e 

r!l.te and extent of asein1la.t1·:>n ls in some measure determine<\ 

uy the c0111plex1 ty of the molecule. This ab11i ty of the 

rumin?l microflor8 is of great advantage to the host animal 
. 

as the great variety of compleA: oartohydre-.tes naturally 

occurring 1n 1 ts diet can oe hydrolysed to less oomolioated 

structures, and marJe availal:>le to the host lil.n1mal 1n a more 

ass1rrt1l8ble form. 

7. ;soLATION OP' I:.N IODoPHILIC STRF~P'!'OCOCCUS A.ND 

iOKE OF ITS CHAP.ACTERISTICS. 

A eme.ll coccus was observed to be t.he ~.ominant 

iodOphilic bacterium, always closely rsP.oc1a.ted rl th rtaroh 

granules in the rumen anu present in every sheep examined. 

J"n attempt was therefore ma.de to 1sols.te this orgr_sniem and 

study some of 1 te oh&.rac ter1s tics in pure oul ture. 

A emall silk bat ot natural silk as dee.c~1bed. by 

~u1n, vt-..sl dflr We.th and hybu.reh (1938), Yas filled ~i th 

crushed and shelled sterilised maize kernels. Thie was 

suspended 1n the rumen through the fistula. After 48 h<:~ut·a 

of ruminal digestion the bag was w1 thd.r~1m !\nd. transferred 

into a sterile petr~ dish. It was then o~ened and a few 

partly digested kernels dropped into sterile saline. From 

this suepens1on surface culturea were made on dextrose-agar 
0 

or starch-agar slants and incubated at 39 C for 24 hours. 

Two/ •••••••••• 
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Two or tJ:1ree ty-oe~ <Jf c~Jlon1'9s wera usually uresdnt after 

1rJuub:<tion. Of theE:e, th5 smallect dew dron tyue of colony 

almost invariably _pr-Jved to oe the a treutoc..,cuue aa socisted 

w1 th the ma1 ze :r.te·!"nele in gMat numoers.. Uuooul turea were 

made ~n de;rt.roae-~a.r. S:aearn we1.-e usually made of eome of 

t:ae kernels and. sts..:lne(J wi tll Lugol 1s 1ocl!.na and w1 til Gran's 

s ta1n. CL .. sters of Gr.a.n-iodooh111c coco1 were observed in 

rno.;t ir.sts.nces around the starch ?3.l"t1cles. (~hvto 1, I,~ate VI) 

Al thottgh some other orga.n.isrns wer~ uew.ally aleo _t)!'esent, they 

occurred only in smi:ill Hurubers and were not 1odonhi11o. ln 

fi. simllar wr:..y, chum.loall;r pure cellulose suspended 1n a 

~&pEt.r>ate co:mpertment s1multaneous!y with ma1ze, was found to 

encoura~.e var·io .. ls ty'I)CS of ti-ram net:.,a~ be.c.taria (!'hoto 3, 

Pls.te VI). l.i. :few Gre.r:t uosi t1ve b<.tcl.lli , cocco·uac1111 and. 

large c.:occi v.-ere; uso present. casein (?~ per cen·:;. protein) 

~ neour>;;yef. oredo:rinantlz. Cram nosi :t~ ve orgs.n1sme, comuris6d 

also of l~rge cocci, cooco-bncllli end b::::oill1 (Photo 2, 

Ple.te VI). 

The indications s.re therefore, thu.t materials 

aubmitten to digestion in the ruM9n encourage specific types 

of baoterie. to multinly in it!' 1nuned1s..te surroundings. In 

the case or st£.ruh the organisms concerned was !cund to nls.y 

e. s1gn1f'1cnnt role in 1te disinte~r&tiorJ w1tn1n e:e rumen. 

'!'he org('nisms associated 11.·1 t.h t.."le cellulose a.nc. c£ee;1n 

probably a.leo E.SEist in their d.isl.ntegra.tion. 

EOkE (jf-W'.ACTll.hiS'l'lClJ OF ISOLAlliD STllEtJ'I'OCOCCUS. 
-----------~------------------------~~~-----. 

l. Size : .65 microns (Firat subcultures). 

2. Stron61Y Gram poa1t1ve. 

3. Non-sporulating ovoid cocci \.4Suall,y in -:)Lit"s or short 

oht.~.ins. 

I 
{1) Gro·W'S ~~-si:A.y l.n d.e-xtrose broth v;17:h f1nrl uH = 4.0 

( 2) I . ........ . 
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(2) Dextrose- and starch-agar- in 24 hours at 37°C 

discrete semi-transparent colonies. 

(3) Does not grow in peptone water pH= 1.5 

(4) Serum agar- chaine up to 10 organisms. Mostly 

appears in pairs, long1tudlnall¥, or in chains of 

4 to 5. 

(5) Serum broth - short chains of 4 to 5. Longer chains 

of 1~-15 infrequent. 

( 6) No liquefs.ction of gelatin. 

( ?) Good gro"lfth in gelatin at room temperature (25°C). 

(8) Aieth¥lene blue in m1llt. not reduced. 

(9) Acid formed in milk but no coagulation. 

(10) Growth on or1Unary agar feeble. il.iore profuse on 

dextrose-agar, soluble staroh-agar and serum-agar. 

No growth on dextrose-agar at room temperature in 24 

hours but ~inute colonies are nresent after 48 hours. 

(ll) ijro~l- Uniform granular turbidity in broth after 

24 hours and even earlier. Heavy depos1 t. Chains short, 

(l2) Starch In synthetic medium (Woodman and Stewart, 

1928), tbe organism ferments starah with the 

production of acid but no gas. 

( 13) After three months in ste.boul ture (oextro"e-agar+ 

sealed w1 th wax and kept at room teiJiners.ture, growth 

was produced on dextrose-agar at 3?0 0 within 24 hours. 

s. Fermentation ot Sugars: 

( l) Ferments Glucose, Lactose, Saccharose, ~tose, 

La.evulose, Raffinose, Araoinose, and Inulin to produce 

acid but no gas. 

(2) Does not ferment Kannite, Galactose, Salicin, 

Sorbi te, Hhamnose, Inoei te and Oulci te. 

It also terments Aesculin in bile medium producing acid. 

a. I ... ...... . 
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6. Resistance to heat: 

Withstands heating in broth at 60°0 for 20 minutes 

but is killed after 30 minutee. 

7. Patno~enicity for laE2r@to~ an~~als: 

·Fresh (24 hour old) broth cultures were found no~ 

pathogenic to rabtits and mice on intravenous and 1ntro­

per1toneal injection or .5 cc., 1 ec. and 1.5 cc. 

~-------~-~---------------
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lLATE IV. BACTEIUAL DIGES!ION OF STARCK. 

Photo 1. Potato starch granules X 220. 
I 

" 

2. One hour after administration of starch into 

rumen a few iodophilic ooco1 are seen attacking 1t. 

3. After 2 houra the iodophilic organi•ma have 

increased. 

~. After 4 hours a cluster of 1odoph1l1o bacteria are 

surrounding tne atarcb granule. 

• 5. After 8 hours excavation of the autttaoe of a 

.. 
a taroh granule 1a well advanced. 

6. 26 Hours only remnants of a granule are lett • 

!he7 are surrounded b.J 1odoph111e baoter1a. 

PLATE V. RUKINAL IODOPHILIC MICRO-ORGAHL'U•S X 500. 

Photo 1. Pure culture or Gram ;- iodophilic atreptoooocua. 

• 2. Iodophilic streptoooooua (Large type) • 

1 3. (a) Iodophilic atreptocoooi photographed in the 
X220 

It 

• 

laat stages or their iodophilic reaction and 

grouped around the remnants or a ata~eh 

granule. 

(b) Iodophilic tetraoooous. 

(o),Small 1odoph111o bacillus. 

~. Showing numerous pseudo-yeast cella tilled witb 

glroogen. se·veral are showing a central. constrict­

ion and partition 1n the aot of dividing • 
• 

5. (a) Large cigar-shaped bao1111. !hese bacilli 

represent var1oua stages of starch synthesis 

w1 thin them. Some have blue discs, others blue 

rings, and thoee farther advanced have broad 

dark blue confluent d1aca. 

(b) Paeudo-reast eells. 

PLATE VI./ •••••••••• 
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fL.."..T£ VI. INTP.Al\untt.~.L DIGESTION OF SPICOIFIC FOODSUBSTANCES. 
I 1ooo. 

Photo 6. A 1 tarch granule surroun~tt~ b;y a.n almoe t pure 

culture of the Gram + streptocoooue. 

" 

• 

7. Osse1n·taken trom a silk b~g su1pended 1n the rumen 

tor 36 hours. A rather mixed. flora 1s seen, 

oons1st1ng mainly ot large Gram + cocci, cooeo­

bao1111 and bsoill1. A small number of Gram -

organisms are present • 

S.Chemloally pure cellulose suspended in the rumen 

tor 36 hours. A predollinantly Grsm - flora 11 

present. Relat1 vely tew Gram + organlsms are 

present. 

---~-~---------~--~-~------
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PLATE 4 • 
..... 

BACTERIAL DIGESTION OF STARCHfN THE. RUMEN. X 220. 

' IIi . . (, 
• . 

3 

4 

·• ~~ .... 
1 

2 6 

5 
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-PLATE 5. 
Ruminol Iodophilic 

.5rainczd with 

t (X 500) . 

. ,. .. '1'1.. -.- ' 

_3 ~X220) 

Micro- organi&ms. x5oo. 

Lugol 's Iod i ncz. . 

2 (X 500) 

, 

.. -•• ·" ... 

4 (X 500) 

5 (X 500) 
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PLATE 6. 
Intraruminal Digestion of 5pecific roodsubstance,s. X 1000. 

1 
.Storch 

2 

Casein 

3 

Celluloscz. 

Gram's a~oin. 

. .-, 
- ·' , .,.. J 

, -" ... . 

.. 
, 

....... 
!. .• . "' . ., ...... 

I . 

.. .. 
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Ill. B. (3). CELLULOSE DIGESTION IN THE RUMEN OF SHEEP 

AS IHFLUENC~D BY: 

(a) bacterial population ot the rumen. 

(b) The lign1fioation ot plant tissues, and 

(c) The nitrogen and carbohydrate oontent of the feed. 

INTRODUCTION: 

In a recent publication on the su~plementation ot 

Wil'_lter grazing in the transvaal, Smuts and lllara1s (1940) 

stated that: 11 i t appears fairly de1'ini te that there also 

exists an energy deficiency in the protein deficient 

grazing... The energy-yielding part of mature grass consist• 

very largely of cellulose and other related pOlJsaooharidea, 

so that an animal subsisting on winter grazing Onlf, would 

be dependant upon 1ts ability to utilise such carbohydrate• 

tor pr~ot1c&lly all 1ts energy re~u1rements. Consequently, 

it il a matter of practical importance to determine to What 

degree cellulose oan be ~til1sed in such grazing, and to 

ascertain to what extent, 1f at all, this utilisation is 

enhanced by reeding supplements containing the main deficient 

constituents, e.g. carbohydrates, protein and phoP.phates. 

!he breakdown ot cellulose and the hemioelluloses 

1• accomplished not by enzymes eecretet from bodf cells into 

the d1gestiYe tract, but by en!Ym&s derived trom symbiotic 

micro-organisms (Meyer, 1927). The extent of cellulose 

digestion as a result of bacterial action i8, however, 

auapeoted to be !Ubjeet to va~iat1ons 1n the type and number 

ot bacteria preeent, which in turn, 11.re 1nflu~noed by the 

composition of the diet (Harntlton, 1942). The degree of 

disintegration of oar~ohydi·atea in the rumen a.leo del>ends 

on their ohemioal and physical nature. It ha.a been demon­

It rated b7 Louw (1942) that the com?lex polysaccharides ot 

ma.ture I" •••• ••••• 
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mature plants are not as well digested aa tnose ot young, 

gro'ii1Ilf!; ple.nts. The d1fferenoe 1e due primarily to the 

presenoe of ct:rt&in encrusting subst&noes, notably lignin, 

whi.ch are d.epos1 ted. in inureReing amounts in the cell m th 

advant~l:ng m~.tu.r1 ty. Aooording to Bal<er and 11tirt1n (1938) 

rumen micro-organiam.s have 11 ttle or no a.ot1on on lignin, 

partict.la.rly that of ma.ture {llRnt1. f'!llle reeul t 1s th~t the 

cellulose 1s protected from the action of the orgenisms by 

the lignin, or, probably by a 11r.n1n-hem1cellulose co$0lex. 

(c.f. Louw, loc. cit.). In a recent publication by ~chnally 

(1942) the -percentage cellulose o.igeeted in the rumen wa1 

determined by euepend1ng knor;rn quanti ties ot cellulose in 

a1lk bags into the rwnen of sheep through fistulae. 

Extensive experimentetion at thiE' lnPtitute hA-s, llowev-.sr, 

shown that this technique oould not be relied upon tor 

quantt·ta.t1 ve determinations. For quali tat1ve work it proved 

however, to be •ore rel1a'tle. It is ltnovm that ou:c·e cellu­

lose 1s almost completely digestible in thei pe.uneh of the 

rua1nant and that lignifi•d plant tissues are relatively 

indigestible. Howeve~, the taotors oontrollin~ the degree 

ot cellulose dlgestion are not yet clearly defined, although 

the following are believed to pl'¥ 6 part:-

(1) ibe nuro'ber amd ty-pes of nAminal. bacteria. 

(2) !he degree of lignification of plant tissues. 

(3) 'l'be S~.mount of autt;ar or atac•ch present 1n the diet. 

(-i) fhe amount of nitrogen prtsent 1n the diet. 

!he exper1mwnts desor1bid below were ~lanned 

primarily to obtain information on these ?Ointe. 

The 1nnuence of amall aupplements of protein and 

oarbahydrate r1oh toou~tutfs on the bacGerial count in the 

rumen and the digestibility of ott~luloee, was at first 

ascertained. For tnls purpose a baaal ration of mature veld 

hay containing approximately 3.0 psr cent urotein waa used. 

'l'he / • • • • ••• • • • 
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The oarbah~drate riCh eupplement waa 1noreas•d to determine 

the effeot on the microbiotic oeoo~)os1t1un of cellulose 

in the hay. In all the trials ooaducted the nitrogen 

metaboliaa wae studied. 

EXPERI~NTA~. 

~rhe oxpe.r1ruent consisted of a seri~s of £: tudiea 

on cellulose and ru. trotr.en bAlanoe of f'iV413 full-ff·ro'!}lfi ~r1no 

wethers ranging in wa1[",ht fro~ 75-130 lb. 11net on 11Vhioh 

clotrad rut~~inel fietulPe O-pt;rati'lUA hac\ been nerrormen.. Mature 

veld t6y conta1 ning 9~?prox1mate1y 3. 0 ll~-Jl" oent of nro1;,1n 

served as a. ba.Psl retion anCJ waa f.etl Cluring perJ.od I., supnle­

rnented by m1nerel ash and reast only. This ration was 

therefore def1e1ent in nitrog~n ~~ well ~ 1n rsa~111 available 

e.m.rbohydrnt~s, producing eneY"frf· In nel"i~d I:ti. e-enh an111al 

:rece1 VRd dlll111 r.n. a~d1 t1 onRl &!'ftount of 'f'l!!&t meal eu.f'f1o1ent 

to ma1nt!t1n the n1 t.r.o~n reC"uil"eMants or the !ln!mala. From 

per1ode III to VII the ration tel\ tn neriod II. waE further 

su:pnlemente~. w1 t.h inor~l'.P1r-{" tl!"'!'unts of yellow crushf\" ma1ze. 

't'he allowance of meat melltJ., ho~ver, wu reduced w1 th eaoh 

s.ddi ticn of. mt!!.ize '-" omer to m£>1ntr,tn a ntore or lees 

constant tnte..ke of r.!l!Jeet1ble p~otein :t'Mm neriod. Il:. onwards. 

During all th~ 'Per1of'g eP..nh sheep T."eceJ Ye(l 3 grams of yeast, 

5 gra-s or bono a~h ~n~ 5 g~ms of e~lt d~11r. ~Jll details 

or the roat1one ,!1:f'a !11 ven in table 15. 

tn o~da~ to aocuAtom the n~i~als to the d1~t a 

prel11'1l111t!ry :fe~<U.ng p8t-11)J ~tf lO ~?.ys ... ~~3 :1llo•~d throughout. 

The forbes type at met~bol1a~ oage ,..Ae used. Th~ faeaee and 

the urine were oollaoted •1a.11y for peY'10d9 of 10 daya 

duration. The uslle.l !.,r-oc~dureG f.Ott col\'!ot:tng, ...,reserving 

an~ ~11quot1ng of exorats ~~ r~llowsd. ~ee~e, faeo~s and 

urine we'Y'<t analyAed for total n1 trogf:'n by the K .•elda.hl method, 

~4t ,1 •••••••••• 
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'fb(' tnE'thc·ti. of Norm~.n and Jenkins (1933), we.s employed to 

'tt-terM1.nP th!' ef"llt::.lo~e 1n the teeds and faeces. For the 

beoteri Pl C'Oun ts, ae.m?lss of ru.'111n~.1 ing'E'~ta were tr1 thdratm 

thrcr.;.gh tr4;' fistul~e c n t:t leEJ:Jt thrfll! consecutive days 

during ~- colleet1rm ryer1ol':'.; tuic'i tht r;•,er::>.f51!. oi tb.e three 

oounts tel!el'l. Th~ Petroff-Htur«·t· counting chamcer "C.\ethof. 

alreAdy described was use a.. The a.PiTEils were fed t~1ca 

da111, at 9 ~ .... and 3 p.m., b~ater1al eountg baing ~ie 

trom !R.f"t'9ll'Ja wi thd:r!l"trl in th~ n:orn1ng tlr:nediately before 

te&d1ng. 

RESULTS. 

'l'ha "3~r:ent1::g,l ds.ta conoern1n& the col leo tions and 

til a ooef:"1c1ent3 of l!iges ti b1li ty fo:- t_t·u~ e.xy matta·r are 

presented in ta'ble JA.. The (lisousoinn ~f th.~ r<;1sults iS 

b3fllt=td on the avel"'ae;e v3lues obtstne~ in the seven periods 1n 

whi11h f1 ve t"Jheep were- u:zed. t:Joeff1cients of dlgest1oili tr 

•.re :>!"esent;;d for both total d.ry "'l&tter consu'UeO. and a:ry 

mattar d.eri v~d from the h;;~.y only. 1b tb.a la·tter o&:.se Ule 

cr>effi~lerltu ·.,-ere caloula.tat~ on the t.saumpt1on that the 

O!.Hlcentrate•s • m!'.ize e.nd meat meal, nrc oomi-Jletely tl1gasted. 

'I'.he cellulo~e a.nd prot~1 n content~ of the :f'aede 

&:?~>'Hlr 111 tc.d:lli:J 15. The cofJff1oienta of diges tibili t".( for 

OOllul013e t 1)gfJ ther mi th "'.;h& f\.g-Ul"e3 :for tho. bP..atex-1'11 

counts, re~)restmting mill1ons of baotoria uer cub1o tJent1-

me ti-e ot rum1nal in~:es ta., &.re presented 111 t"'-ble 16. Data 

rel~t.tlng to the n1 trof;en me .,~uolism of the sheep apyee.r in 

t.?..ble 17. 

Dt ~CTi'SSI IJN I ......... . 
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piSOUSSIOX OF RESULTS. 

In order to evaluate the 11gn1f1oanoe or tb~ 

41tferenoee btt .. en the ~•rcentage of cellulose d1seste4 

(ooeff1c1enta or cUgelt1b1l1tJ) ·during the var1ou1 •~ri­

mental p•r1oda, a atat1at1cal Gnal7111 wae applied. Froa 

this 1 t •• ea tabl1ahe4 that the neoe1aar, difference 

C.tween tbe mean valuee ot coett1c1ente of d1geat1b111tr 

ahould 'be 3. 30 tor p • o. 5 and 4.&1 f'or P • .01, to be ot 

e1gn1fi.oanoe (p • -proba~1l1 tJ leYel). Caloulat1ng tx-oaa 

table 16 1 t 11 found that the 41tferenoe be tweeD the meau tor 

perloda 

1 and' - ,.12. i.e. e1gn1t1cant at P •.01. 

2 and '1 • 3.'18, i.e. • " p •• 05. 

3 and 7 • 5.0(l1 i.e. • • p • .01. 

4 and "' - 3.30, 1.e. • • , • .o5. 
5 and 7 • 3.64, i.e. • • , - .os. 
land 6 = 5.86, 1 ••• • • ,_ .01. 

3 and e - 3. 74,. 1 ••• • • , -.os. 
1 aDd 5 • 3.48, 1.e. • • p - .os. 
land 4 • 3.82, 1.e. • I p - .os. 

Dltterenoea not apeo1t1e4 1n the aboYe 1\Uimarr 

were not a1gn1t1oant. 

!be general ten4enoJ tor the d1geet1b111t7 of the 

cellulose waa to decrease gra4uall7 froM ner1od 1 to ~er1od 7. 

The d1~tat1b111ty of the ha7 ... tb•r•tore, not 1~~roYed bJ 

auppl•aent1ng 1 t w1 th varying uounta of •at •••1 and 

oruahed .alae 1n an1te ot a e1gn1f1oant lno~aae 1n tbe total 

number ot baot4n1.a 1n the l"Wl\en, the 11 te ot oelluloae 

41seat1on. 

One or more ot the following posa1b111t1el auggeet 

them•elYea: 

(1)/ •••••• ~··· 
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(1) lo effective increase 1n cellulose digesting bacteria 

waa brought about b~ the .anrlohment of the medium.. 

(2) Tha bnsal r&tion of hay oreated oond1t1on• in the rumen 

ot the abeen faTourable enough for the existence of a 

cellulolaetic flora, oapsblo of l'IU:lXi'TI&.l disintegration 

ot the cellulose 1n the r.at1on. 

( 3) L1~n1f1oat1on of the hay ha<1 a l1tni t1ng influence on 

the cellulose digesting powars of the bacteria. 

( 4) The n1 trog-.n r-nd oarbohydr~~t.te SU;JPleme'lte &tfeeted the 

degree or cellulose dls1ntet;:r-a.t1on. 

In regard to the f1ret f&ctor. mention~d above, 

He.~r1c and. ll1 tchell (loc .. cit.) provec1 thP,t the digestion of 

cellulose wr.s incn;asGd coneid~rP.bly (by 1:1 p~r cent) when a 

ration contr.:.1r.11~ only rD. 85 per cent protein WE.s supplemented 

tly 2. 3~ gra=s urea n1 trogen da1l1. However, they d1d not 

s tv.cy the- lntluenoe of t,he ure& &U.Jtplewent on the bacterial 

popul~tion of the rumen. It w~s found by the wr1t~r that the 

addition or 2.33 gramt. (')t urea nitror..-en to the tppe of 'be.sal 

ra. t1on em.r~l.:>yeu by !Urr1s and ~ tchell st1mnla teti the pa.unch 

flora to • s1gn1t1c&nt increase of 74 p&r eent. There are 

therefore, strong 1nd1oat1orlS tb.at ti.le iuoreatle(l oelluloee 

d1geation llillonet.z-ated t.;y Harris ana. ~1 tch<Hl w .. 1s au:: to the 

augr.entat1on of the ~a.ctsrial no-pul~tion \Jf the rumen. It 

may tlleretor·e be con~ll:lded that t.!:l.e numbf;r \lf bPoteria 

preser1t in the l'tllnen ooulcl 1n:f'luenoe th~ sxt~nt of <>ell~ose 

d.l.e1ntegra.t1on 'tlben the rs. tion is very low ln pr·Jte in 

(0.85 r;er cent). dowever, w1tL tlle per·l3t~nt&~d ot 'Jrote1n 

normally ~rasent in matur~ Yeld h~y (3.0 ~er cvnt), tne 

t-esl.llts or t.ne present investigation tvave ~n·Ynn that even if 

the rwn1nal baoter1a were increased 1n numll~::~..,. tl]~y did not 

influence tbe o1ge8tib111 ty of the cellulo~e :t'aT'lll:rt.bly. 

~~e increases 1n th6 numLer or b&eter1a from ueriods 1 to 4 

( t .1.gures 1n or·acKets t&ole 16) were not E.ccompanlea. oy 

oorr.eat~ond1ng/ •••••••• 
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TABLE 14. 

SHOWING C OLLEC't'I l>lf DATA. AID DIGES'r IBILI'l'Y_JYF DRY JIA'l'TER. 

6v ----------------------------------------------
Period ~heep 

1'0. 

l 

2 

3 

4 

6 

3 
4 
4) 

6 
'I 

3 
4 
b 
6 
'I 

3 
4 
5 
6 
'I 

3 
4 
5 
6 
'1 

3 
4 
5 
6 
7 

weights (lb.) 

Initial Final 

89 
102 
117 

81 
83 

99 
109 
128 

87 
'17 

99 
110 
128 

86 
78 

9b 
108 
125 

92 
7ti 

95 
112 
132 

85 
76 

96 
110 
131 
8ai 
79'' 

90 
104 
117 

83 
7fJ 

95 
106 
121 

83 
16 

9'7 
110 
127 

86 
76 

9{> 

109 
128 
a a 
74 

96 
110 
131 

8'1 
78 

96 
111 
132 

87 
77 

Dail1 ration (gm.) 

Hay Kaize Keatmeal 

600 
" 
" 
" 
" 

1 
" 
" 
" 
" 

" 
" 
" 
" 
" 

"' 
" 
" 
" 
" 

" ; 
" 
" 
" 

" 
" 
1"1 

tt 

" 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

50 

" 

100 
" 
" 
" 

150 
" 
" 
" 
" 

200 

" 
" 
" 

0 
0 
0 
0 
0 

24 
2ti 
3~ 
21 
18 

16 
19 
21 
13 
12 

10 
lo 
20 
10 

4 

4 

' 125 
4 
0 

0 
1.ti 
'ZO 
0 
0 

A~erage Average dailT dry 
daily matter intake (gm) 
Residu.e 
(ga.dry--------
matter). Hay Total 

107.5 
122.6 
10f>.5 

l.l4.3 
37.~ 

26.~ 
119.1 

75.6 
30.8 
28.1 

20 .2 
1.09.0 

6.4 
26.6 
23.5 

3.9 
4b.O 
1.0 

18.5 
59.5 

13.0 
66.8 

0 
41.6 
55.0 

76.0 
'19~/q 
31. '! 
33.1 
39.4 

438.5 
425.4 
440.!1 
491.7 
~08.5 

521.3 
428.'1 
472.2 
51'1.0 
.519.'1 

624.6 
435.8 
fl39.4 
:>19.2 
lLl.3 

551.1 
610.0 
5b4.1 
536.5 
49ti.5 

639.0 
485.2 
152.0 
510.4 
497.0 

476.0 
472.1 
548.3 
518.9 
b12.6 

438.0 
423.4 
440.5 
491.7 
aoe.e 

644.1 
4:>2.4. 
ti03.j(0 
537.0 
b~6.8 
~ 

585.4 
499.4 
tao.& 
579.0 
5'18.3 

561.8 
616.4 
664.3 
637.2 
590.5 

679.6 
628.6 
700.'1 
651.0 
62.3.8 

6b8.4 
655.9 
'137.3 
701.3 
i9fi.O 

Average da.il¥ 
dry matter ex­
creted ( gm.) 

232.3 
203.5 
233.1 
261:1.1 
278.2 

288.0 
230.6 
269.4 
323.8 
308.2 

282.9 
21::1.2 
286.9 
309.1: 
309.2 

ao&.a 
281.3 
290.8 
314.0 
324.8 

300.2 
249.6 
2'10.0 
300.9 
321.3 

279.'1 
265.3 
304.6 
313.9 
;)28.8 

Coefficient of digestibility for dr1 matter. 

Total 

47.0 
:u.t 
4'7.1 
46.1 
45.3 

4'1.0 
49.1 
46.0 
39.7 
42.6 

fH.6 
5b.7 
53.2 
46.6 
46.6 

53.0 
54.4 
61.2 
50.8 
44.9 

55.0 
60.3 
61.b 
63.,8 
4i.4 

57.5 
59.6 
58.7 
5b.3 
52.7 

ATe rage 

47.5 

45.0 

51.9 

56.0 

66.8 

Hay 

4.'1 .o 
~1.9 
47.1 
46.1 
45.3 

44.8 
46.2 
43.0 
37.4 
40.'1 

46.0 
49.3 
47.0 
40.b 
40.7 

44.4 
44.8 
47.6 
41.b 
34.5 

43.2 
48.6 
:>1.1 
41.1 
35.4 

41.2 
43.8 
44.4 
39.6 
35.9 

ATerage. 

42.6 

41.0 

----------------------------------·------ --------------------------
7 3 

4 
5 
0 
'I 

9'1 
112 
13b 

91 
'19 

96 
11a 
lao 

88 
78 

" 
" 
" 
" 
" 

aoo 
" 
" 
" 
" 

0 
0 
0 
0 
0 

166.0 
192.0 

33.6 
76.0 
60.1 

383.0 
36'1.0 
blb.4 
4'13.0 
488.9 

6ll6.6 
630.6 
'189.0 
'146.6 
'1o.2.5 

239.8 
230.8 
289.0 
316.5 
MO.b 

63.1) 
63.4 
63.4 
57.6 
65.4 

37.4 
Zb.4 
44.0 
33.1 
30.4. 

36.1 

----------------------------------- ---------------
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TJ...BI·E 15: SH\7NIJ'G PEROF..NTAGE COMPOSI!IOlf OF FEEDS 
(~lATTER llS!S). 
---·------_......._~-

P~ r/ocls 
_....,__..._._ .. _, ____ ... _ ..... ___ ,__, ____ ...._ ·--~.-. .... -·---------------
:reea. Constituent l 4 'I 

-----------------------------------------------------
H.e.y Cellillat>3 49.5 4-8.7 48.1 49.9 46.8 ·i~.6 49.4 

Crude Rro- 3.00 a.lo ~.16 3.55 Z.49 Z.4l ~.42 
tein 

• 
~Ai~a CG~l~1ose l.S 

Crude pro- 11.0 
tein. 

Aiecs.1; Grt;i.ds il'~- eo. 0 
Meal t$in. - ---... ~---..---, ........ --·-·---·-~~·---~-~-------·---a---
Yeast CrllCie pro­

tei.D.. 
50.0 

--------------------~_ .. _____ _ 
--------... _..........,__ ~---...._. ..... ____..._. ... ____ ............. ._.......__.. .... ____ .... ~------------
1 65.4(1P.00)71.4(ll89}65.2(ll56)63.G(l244)62.l(l3b6)6~.5(i229) 

e &3. 2( loll) 66.7 < 1156) G4. 7 (1456) 5o. o{l3tl7 )~9. a( l5i~2)62. 2( 1490) 

3 65.3(lo44)59.5(l'lo6)67.1(1722(57.l{l622)~7.o(l767)6~.4(17o2) 

4 s~.9(laa9)&o.3(1789)57.7(l566)o9.o(la~9)52.l(l844)61.7(1785) 

b Gl.9(1786)67.6(l907)70.5(1700)58.2(l781)52.l(l948)62.l(l824) 

6 59.3(leo5)&4.5(l944)66.4{1750)57.l{l72S)~l.l(l694)69.7(1782) 

' oS.9(1716)61.2(lG22)67.7(l40Bl54.0(l644)60.3(lo4l)oa.4(1567) 

-iGiven in millions per oo •. rwainal contents. 
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tABLE 1'1. lU TR OOEJ MEr AB Ol.I SJl OF SHEEP IN PER I ODS l - '1. 

slieep 3 slieep 4 sheep 5 sheep ' Sheep f Average for 
Period 6 sheep. 

l Kitrogen intake:- (Ha;y 2.01 2.23 2.02 2.45 2.151 2.24 
(Yeast .24 .24 .24 .24 .24 .24 

Total 2.2.6 2.47 2.26 2.69 2.'15 2.48 
Nitrogen excreted:- (Faeces 2.11 2.ov 2.18 2.41 2.50 2.26 

(Urine 1.01 1..41 1.41 1.2'1 1.18 1.26 
Total 3.12 3.48 a.:>9 3.68 Z.68 

11 - balance ... 0.87 - 1.01 - 1.33 - 0.99 - 0.93 - 1.03 
X - (appareutl;y) digested 0.14 0.40 o.oa 0.28 0.2b 0.23 
~ N - (apparentlz) di§este4 6.2 1.s.2 z..a 10.4 9.1 9.1 

2 Iitrogen intake:- (Bay 2.64 2.38 2.39 2.61 2.63 2.53 
(Yeast .24 .~4 .24 .24 .24 .24 
(Meat l(ea1 a. 01 3.20 •• 22 2.69 2.30 z.lo 

!otal 6.95 5.82 6.80 ti.54 ::>.17 5.87 
Nitrogen excreted (Faeces 3.56 3.17 z.,., 3.78 z.oo Z.bi 

(Urine 2.88 a.6o 3.99 2.94 2.so 3.24 
Total 6.4.4 6.77 7.'1& &.72 6.30 

N - balanoe - 0.49 - 0.96 - 0.91 - 1.1.8 .. 1.13 - 0.93 
B - (apparently) digested 2.39 2.61 3.08 1.'16 1.67 2.31 
% I - (appar~tl.J), ttfgested 40.2 45.6 45.0 31.8 32.3 39.0 
litrogea intake:- (Kay 2.65 2.39 2.'1;6 2.63 2.64 2.&1 

(Yeast .24 .24 .£4 .24 .24 .24 
()feat )leal 2.06 2.43 3.4:> 1.92 1.5:.3 2.27 
(Kea.lies .al .81 .81 .81 .81 .81 

'l'Ota.1 o.7o 6.87 7.23 b.&o 6.22 5.93 
Nitrogen excreted:- (Faeoes z.zo 2.88 3.'15 3.3'1 3.3J 3.33 

(UriiUt 1.88 3.04 3.00 2.22 2.18 2.46 
Total 5.18 5.92 6.75 6.59 5.{;1 

1J - ba.lanoe ., 0.67 - 0.05 .. 0.48 .. o. 01 0.29 • 0.14 
W - (apparently) digested 2.4o 2.99 3.48 2.23 1.89 2.61 
% M - (appa~!Dtlz) __ digested 42.6 60.9 48.2 39.8 36.2 43.6 

4 litrogen intake:- (RaJ 3.13 z.oo 3.1~ 3.0o 2.96 a.oo 
(Yeast .24 .24 .24 .24 .24 .24 
(Keat »ea1 1.28 2. Otl 2.b6 1.28 .51 1.63 
i•ealies 1.&1 1.61 1.61 1.61 1.61 1.61 

Tot a 6.26 6.90 f.56 6.18 5.31 6.44 
Nitrogen excret~d•- (Faeces 3.62 3.64 3.7'1 ~.67 Z.5f> i.63 

(Urine 2.16 3.Z.7 3.09 2.?1 2.1? 2.'10 
Total 6.78 '1.01 6.86 6.28 6.'12 

lf - bu.lano e • 0.48 - 0.11 • 0.'10 ""; 0.10 - 0.41 • o.11 
1J - (apparently) digested 2.64 3.26 3.79 2.61 1.'76 2.81 
% :1 .. { El~fn ren tl.r) di§OS't~t; 42.2 47.~ f>0.2 42.~ 33.1 43.0 

WitrogeA intake:- (Ray a.oo 2.86 z.oa 2.94 2.90 2.96 
(Yeast .24 .24 .24 .24 .24 .24 
(Meat Meal • .t>l .90 1.60 .61 0 .'10 
orealies 2.42 2.42 2.42 2.4£ 2.42 2.42 

!ota1 6.17 &.42 7.34 6.11 &.5o 6.32 
Witrogen excreted:- (P'aeoea 3.60 3.24 3.63 3.47 3.62 3.4'1 

(Urine 1.64 2.1'7 2.63 2.17 1.68 2.06 
Total 5.24 6.41 6.16 5.64 6.20 

!! - bals.noe • 0.93 • l.Ol • 1.18 ... 0.47 .. 0.36 ... o. '19 
B • (apparently} di~ested. 2.b7 3.18 3.81 2.64 2.04 2.8l) 
~ B - (~pRarent~) di~ested. 41.7 49.6 61.9 43.2 36.7 44.6 

6 111 trag en intake;- (Hay 2.46 2.76 3.00 2.84 a.ao 2.'17 
(Yeast .24 .24 .24 .24 .24 .24 
(Jleat Heal 0 .19 .90 0 0 .22 
(Jlealies 3.22 3.22 3.22 3.22 3.22 3.22 

Total {1.92 6.41 '1.36 6.30 6.26 6.46 
B1trogen excrete~•- (Faeces 3.29 3.51 3.92 3.60 3.68 3.60 

(Urine 1.48 1.99 2.'17 1.71 1.~4 1.90 
Total 4.'1'1 t".:ro 6.69 6 • .31 :J.22 

B - b&J.a.na e ... 1.1o ... 0.91 .. 0.67 ... 0.99 .,. 1.04 .,. 0.95 
J - (apparently) digested 2.63 2.90 3.44 2.'70 2.b8 2.ao 
% B - (apparentlz) 4.ii_e!ted 4-t.o 4&.2 46.8 42.9 -l1.2 44.1 

7 lfi tr ogen in take:- (Hay 2.04 2.37 2.81 2.'15 2.80 2.66 
(Yeast .24 .24 .24 • 24 .24 .24 
(:Mea1ies 4.84 4.84 4.84 4.84 4.e4 4.84 

Total 7.12 '1.40 1.89 7.83 ?.88 '1.63 
Nitrogen excretedJ- (Faeees 3.58 3.67 3.9? 4.23 4.40 3.9? 

(Urine l.bb 1.98 ?..11 1.'14 1.'16 1.83 
Total 5.13 5.65 6.08 5.9? 6.16 

I - balance .,. 1.99 .&. 1.80 • 1.81 .. 1.86 .. 1.'12 .. 1.84 
N - (apparently) digested ~.54 :3.78 3.92 a.&o 3.48 3.&6 
~ N - (aRRarently) ~i~~ted 49.'7 60. '7 49.'7 46.0 44.2 48.1 
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ao. 

corresponding 1mproYement 1n the d1gest1b111ty of the 

cellulose, aa may be deduced from the average valuea tor 

the d1gest1b111 t;y of the cellulose presented 1n the last · 

column of table 16. It 1a concluded therefore, that the 

basal ration as fed 1n itaelf contained sufficient nutrient• 

to support a bacterial flora and oreate conditione favourable 

enought tor 1 t to eft'ect a m~~imutl d1s1ntegre.t1on of. the 

oelluloae pre@ent. 

In view of the above cons1dere.tion£, the aeoond 

taotor that may possibly have governed the extent of the 

breakdown ot the cellulose in hay containing 3.m p•r cent of 

protein, 1s the degree of lign1f'1os.t1on of the ple.nt tissues. 

This hu been ahown to influence cellulose dJ.ges t1on in the 

rumen(Louw, 1942). In the experiments ot Harris' and 

M.1 tohell supolementation w1 th urea nitrogen did produce a 

21 per cent increaae in cellulose digestion which was, as 

preTiously atated 1n all probab1lit7 due to a marked 1ncreue 

in bacteria (74 per cent). In the present investigation, 

ua1ng a basal ration of veld h~ oonta1n1rtg 3.1 per oent of 

protein the increase 1n baoter1a on supplementing the ration 

with protein amounted to 30 per oent only, as compared to 

74 per cent when the ration contained 0.85 per oent of 

protein. T.be bacterial d1geation ot cellulose 1n an almost 

n1 troge.n free ration is therefore incomplete owing to the 

emall number of bacteria as compared to tbe degree of 

digestion in the veld hay ration whioh contain 3.0 per cent 

ot protein and 11 capable ot maintaining tWice the number 

ot bacteria. Accordingly, one would expect a more complete 

digeat1on of celluloae in the nitrogen low ration (employed 

•Y Harris and Mitchell) when sutt1o1ent nitrogen ia sup~l1ed 

'o lt1mulat• acti.e proliferation ot the bacterial flora. 

Aa chemically pure cellulose 11 oom:oletelJ digested in the 

ruaen, this 1mpro1fe4 digestion would lead to almoe t complete 

cellulose/ ••••••••.• 
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81. 

cellulose d1e1nte£rat1'n if tbe plant tissues were not 

subject t;) variable degrees of 11gnif'1ca:t1on. V/1 th the 

bacterial flort·. augmenteCI to the extent of ?4 pet· cent the 

d1a1ntec-;ratiort of cellulose would therefore, continue until 

1 t n~t.eht:o. the limit-.tion in.posee. OJ the degree ot' l1gn1f1-

G&.t1on. 'l:he 1ndioe.t1ons are, thereto1·e, t.bst the degree of 

l1gn1f1oe.t1on llil•J influence tile extent of cellulose digestion 

1n tbe rumen of Eheep eubi1st1~ on mature veld hay. 

In the atE-tis tical analysis ot· the results of the 

cellulos& d1beet1on, it nae already been 1ndic&ted that 

maize supplement• exerted a depreaa1n~ 1nfluenoe on the 

d1gestib111t1 ot the cellulose 1n the b~aal ration. Yore­

over, the extent of thia a.epress1on ahowe, a direct 

oorrelo-.tion w1 t.b. the amount or ma1 ze ted. An analysia ot 

the me~n values given in the l&at column ot table 14 

reveal• tnat the dry matter of the veld hay, which const1-

tu ted pra.ot1 call)' the whole flt the oe llt.!lOae 1.n tlle sup-ple­

mented re.t1one, wu digested in a manner similar to the 

cellulose l~l par.1ods l to 7. It decre&sed fro11 4?. 5 per eent 

1n pel"1od l to 38.1 p~u· oent in pl:;)riod. 7. Suoh a redt~otion 

1n d1gest1bil1t1 la l..a ag:r•emttllt ifith the findings ot 

several worke:t:'a (o.t. A:rmsby, 1_,17). 'I'lte ett~:~ot is most 

d1at1oot wlle.t\ pi.lre U.igtttitible uarbouydratfs, suob as cane 

augar and glucose, are added, but manifests 1 tself' also 

when larga amot.Lntt~ of teedint;et·uffa r1oh in carbohydrates 

*re ted. ':trus 1s duw -~o l;he fact tnat tne oomple:x cellulose 

molecule 1s not u ea.a1ly digested u are suga:t"s and 

atarches. Consequent11, the bacterial digestion of cellulose 

la part:lt.ll¥ d1 vertea. to that of the more read1l7 d1gest1ble 

aa.rbOhydr&:tt~s, :..~sul ting in a e1epreas1on or cellulose 

digestion. 

~e data rel~ting to the nitrogen metaboliem of 

the sheep ar" pre&ented in tabltJ 17. ihe mean ve.lues on 

whloh/ ••••.•.•.. 
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82. 

the following brief discussion is baaed are g1 ven in the 

last column of the table. 

In period l on the basal ration, tbe daily nitrogen 

intake amounted to 2.48 grams, of which only o.a3 gram was 

apparently d1geeted. The animals were definitely not 

receiving sufficient nitrog•n for maintenance as was evidenced 

b7 the pronounced negative balance of 1.03 grama nitrogen per 

dar. In period 2 the total daily n1 trogen intake increased 

to 5. 87 grams due to the supplement of meat meal. The 

nitrogen apparently digested increased. ten-fold, to 2.31 

grams, but in spite of thia the nitrogen balance remained 

negative at 0.93 grams per day. rrom period 2 to period 6 

the daily nitrogen intake remained practically the same, yet 

the daily nitrogen balance Changed from -o.93 in period 2 to 

+ 0.95 in period 6, i.e. from a relatively strong negative to 

a r~latively strong positive nitrogen balance. The only 

feu1ble explanation 1br these changes in the n1 trogen 

utilisation eeema to be that an energy deficiency existed in 

at least the ration ot period 2. !be increasing supplements 

of maize from period 3 onwards, gradually eliminated the 

energy deficiency with the result that the available nitrogen 

could more and more be ut1lis•d tor the replenishment of the 

nitrogen losses associated with the basal metabolism of the 

animals, 

Similar results were obtained by Smuts and Marais 

(1940) supplementing baeal rations of veld hay and wheat 

straw with peanut meal and dextrin1sed starch. The conclusion 

drawn by these workers that under practical conditions 1t 

would be futile to rectify the eXisting protein deficiency 

with a minimum quantity of protein, unless the energy require­

ments are simultaneously satisfied, is strongly eupported b.r 

the results of the present investigation. 

CONCLUSIONS:/ ••••.••••• 
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83. 

OONCI .. UHIONS. 

T.he experiments diecueeed above were 4ea1gned to 

throw light on cellulot~e digestion primarily, but 

neoeasitatea a oona1derat1on of the influence of both energy 

and nitrogen in so far as these three subete..ncee are 

correlated in the process of 1~1nal digestion. 

From a atatiat1oal analye1s of the f1~ree obtained 

1t appears that the digestibility of the hay was not 

improved by nitrogen and atarch supplementations even tbougb 

there w-. a significant increase in the number ot ruminal 

bacteria. 'l'he resulte have shown on the contrary, th.!J..t the 

digestibility of the cellulose decreased with increasing 

uounts ot starch in the diet. Furthermore, the animals 

could not utilise the n1 trogen in the diet low 1n starch 

because of an energy det1oienoy. However, the utilisation ot 

the nitrogen improved proportionately to tbe increase ot 

carbohydrates 1n the diet. It baa, therefore, been shown 

that the amount of carbohydrate in the diet influences both 

the percentage of cellulose digeete". aa well as thE'! amount 

of n1 trogen utilised by the animal. These experiments nre 

carried out on a basal ration containing 3.0 per cent ot 

protein. Rations containing 0.85 per cent o:f protein, i.e. 

practically on a nitrogen tree level, (Protein c H x 6.25), 

were used by Harris and. Mitchell in their stud7 on oell~lose 

dis~st1on. They obaerTed that the addition ot nitrogen, 

autf1oient for maintenance of the animals, to a ration con­

taining an adw~_uate amount of •taroh (energy) increased the 

digestibility of cellulose s1gn1f1cantly. Without the addi­

tion of nitrogen this increased cellulose digestion could 

not be effected. On a diet low in nitrogen cellulose ie 

therefore not dgested to 1 ta tulleet extent. It would, 

therefore, appear that an opt1Ml level of n1 trogen as well 

as of carbOhydrate is required tor maximal digestion of 

oelluloae/ •••••••••• 
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84. 

cellulose 1n the rumen. From· the data obtained in these 

experiments, it MaJ be accepted that the maximal amount of 

cellulose would be digested under normal conditions 

if maintenance requirements of nitrogen are provided in the 

diet of the antllll.l and autfic1ent starch or sugar i·s aimul­

taneouslJ inoornorated so as to allow the animal to utilise 

1 ts n1 trogen. 

The percentage ot cellulose digested in 'P&r1od 5 

amounted to only 62.1 per cent when the conditions created in 

the rumen ot the sheep must have oorres~onded very closely to 

the required conditions for maximal digestion formulated 

above. ·rhie incomplete digestion of cellulose ma7 reasonably 

be accepted to be due to the advanced degree of 11gn1t1oation 

present in the mature veld hay used 1n thtse •Xl'l•r1menta. 

ib.e number ot bacteria !)resent in the rumen did 

not ~nfluenoe tbe extent ot cellulose disintegration in a 

ratt.on ot mature wld ha.J with a 3.0 per cent Drotein level. 

It, however, increased the d1gest1oility ot oell,lose by 21 

!J6r cent when a ration containing on17 0.85 per cent protein 

and sufficient starch wa1 improved by supplementing 1t with 

maint•nanoe requirements ot urea n1 trogen. 

------~----~~-~-~---~-~---~~-~~~ 
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III. B (4). THE fOSSIEILITY OF CYSTINE SYNTHESIS IN 'fHE RUlill:N 

AND I~ P.ELATIONSHIP TO NITROG.E.N »..&.:TABOLISM. 

l. L1 tera ture. 

2. E~erim~ts.,!. 

3. Results and Diacusa1on. 

4. Sua~ary and conclusions. 

l. LI'1ERA'l"UH£: 

Apart trom the production of Stkroh and glycogen 

by rum1nal micro-organisms, the possible aynthesis of amino­

acids, and 1n particular that of oyst1ne, was also considered. 

Being an essential amin4l-a.o1.d for growth and wool urotiuotion, 

oyst1na has r9oeived a !air amount of •ttention from 

research workers. 

In l9S9 it was establ1ab~d ~y ~raia and S~ta 

that ror rats, luoerne ia def1rd. tely dafiaieut in the sulphur 

oonta.1n1ng amino-acids and that supplementation •1 th ei tber 

OJStine or methionine em~anoee th£ biological utilisation 

ot lu.c6rne nitrogen to a slgtlificant extent. When, ho\Uever, 

the etl'eot ot oystinti on the n1 tr·og-en utilisation of lueerne 

in matut~ sheep was investigated (Smute ana Warais, 1938), 

no beneficial effects oould be established. It was concluded 

tentatively tnerefore, thAt either luoarne contained enou~ 

cyatine or methionine for maintenance, or that oyatin., OO'lld 

be aynthes1aed 'bJ the ruminal nora or, finally, tbat cystine 

was not a necessary compon$nt for tissue regeneration 1n 

aheep. This last assumption by Smuts and 14.ra1s, howe1er, 

:l&.lls away, as 1t was recently shown by Burroughs and 

lii tcb.ell (1940) that cystine or methionine wu ind1S!lf:neable 

tor tissue regenerat1on"1n the rat. Consequently, on 

physiological principles ona should •ecept that this Rm1no­

aoid would also be int.tiapentui.ble for th.e sheep. The entire 

provlem/ •••••••••• 
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so. 

problem ot cystine metabolism in sheep is therefore reduced 

to a stuQJ of the quantitative cystine requirements of these 

animals and the prol;.6.b111 ty or cy& tine synthesis in the tore­

etomaabs. Both ti1es6 asp6ots have ~ceived e fair amount of 

~ttent1on in the p&at. Nevertheless, it ie anparent that the 

past d16putes on cy~tine synthesis ana cystine requirements 

of sheep were almost exclusively based on the suppose~. groes 

d11'fe:rences bet·t1ften the cystine conten·t of the :f'eet1 or . 
pasture and th&t of the fleeee. To explain such ~ di~fe~nce, 

Rim1ilgton and Bekker (1932) suggeat6d that cystine might be 

syntheaiaed by ~ e)~biotic action of the intestinal flora. 

Fraser and Pra::er-Hoberte (19~2) on the ot.her hand, 

tried to a.coount for tht: high oyst1ne content o:r wool by 

assuming that the wool follicle posseseed a sneo1al m~chan1sm 

wherecy cystine for~At1on oould be effected. Seth th~ee 

theories are highly B?ecul&tive arH'l w1 thout :1n;y expertrr'ental 

a-~·id-snce to aup.port thel'll. 

Although the work of Abe.el-Sala.ruc Md Leong (1938) 

and G"'errs.n t, Du tehe r and Brov;n ( 1937) on r& te , Me El t'OY' and 

Goss (1939) on shvep, and Wegner et al (1940) on cattle proved 

th.at oertain mi'mliera of the Vi t4..m1n a oomplex could. be synthe­

sised b;,y organ1anu} i.n the oolon of rats s.nd by the: rum1nal 

~icroflora of shedp and cattl3, it do~s not follo~ that 

cystine could be produced in the same m~nner. 

In the absence of oonc1us1ve eVidence, the most 

•ooepte.ble v1ew appears to be that of woodman and Evane (1933) 

and of Kellermann (1935). According to these autho~ th~re 18 

eruffioient cystine in the pastw·e to &.CC()lmt foz· the cyet1ne 

content of the fleece and that the supposed d1fferancas 

between the cyet1ne content of pasture and wool nr~ to be 

•scr1'bfd to the arw.lyt1cal n1ethoC1s employed. Furthermore, 

1 t I . ........ . 
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87. 

1 t is ot the utmost 1m:_")artanoe, as Burroug..'ls and ~~1 tch&ll 

(J.940) haa pointed out, to bear 1n mind that. the requirement• 

both for cystine ar.d tor the other indispensable am1no-401dl 

may vary with the ch9.raoter1et1e funot1onal act1v1t1e1 of 

the animal as well as with different species. 

~. ~)ll;aiLJ!;l~TAL. 

In l~3d, Smuts and »lar.lit.is s t·u.d1ed';j'J.e hlt.,lOg1cal 

value ot lucerne and lucerue suu )l~ii1&t,ted. ·rq cyst1 !l·=·, in 

adult a.heep. It wa.e :!ound 0that tll.b negat1 .. 1a ~H·:r~at of 

oy& tirw la the sup?leoent& tion t:tXj)el~inent ~a::: p•.>s:> 1bly t1•.1e to 

the level o.t' protein ted, which pro·v1ue1l suffic1t)nt cy:;tine 

for m~nteaanoe raquire~ents". For thls rea3on a Ei7-1l~ 

type ot exp\lrime:lt was subsequently u.nderta.lten by the !tutbor 

on @.rowing sheep, to s tully the effect of cy9tiiJe on thi~ 

ui trogen utilisation of luoerm. !iior9 ,:,vor, by feeil.i ng 

•epa.ra.te groups of rats ~n 

(1) ruminlil 1ngesta, 

(2) ru.m1ne.l ingesta pl~LS aystlne, 

(3) 1nou.bated lucerne, 

(4) lucerno, 

tne b1olog1o&l valu& ot theae Jll8,ter .i.als Tat! 6.a tera:tne r!. 

Seeing that the biological v.;.lue 1" c. rel1e.t1s ,..e,.£t.\N· .or the 

qua.l1 ty &.nd oomplet..:nes.s of t.r.1.t~ am1no-Ltc1Gc or pro tela ted, 

1 t waa thl..£ possible to de tel"J1l1ue th~ ther 

(a) o1et1ne wao ind1sp&n~able, 

(b) M.etaez• 1 t tupplemented lucerne ~.bich is ~nown to l:..e 

~ef1o1ent 1n 1t, and 

(o) whether it is synthesised ln tLe rox·e:::toniBchs or the 

sheep. 

In tbw experiment on sheep, 5 merino wethtrs were 

used after the aniia&lG bad become' accustomed t.;o tb,( metebol1111 

orates. After being fed a standard protein ratif')n of lucerne 

{ 'latl s I . ........ . 
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ee. 

(fable l(C). Ration 20), they were re~eate(Uy subJected to 

a diet low 1n n1 trot;en ('lablfi l(O), Ration 22) for the 

purpose or G.eter·tfiln1 ng the rnetab-~11o fa.eca.l nitrogen. From 

·thete res·ul t5 an avtl~agtJ value ~as ~bt~i 11.ad for the ME:"tabolio 

tee cal n1 trogen of ea.ch ani!M.l. Th1A wa~ ut111sed in the 

caleulati':ln or tbs !fiutabolic .!aet'~ll n1 trogan du1'tng the 

periods wbsn 1·1.1oern~ was ferl. · 't'he endogen''He ni tr-Dgen lm8 

e~loulated fro'llt the eHtuat.io'l 'P = • 74 i1• 
734 (S~lJts, l!'l~'5). 

It was arr~.nged th~t ;1\ pflrin(t of ~xclu$:J1 vo 1uee~ne 

tll3ed1.nr~ alte:ron,l!tod rnth on\'t ctuY'1n~ 1"1hi-Jh ~'!::r~tt::"l:J ~~'- ~llpple­

mented to th~ ba9l~ luoe,.nq l't1*'t (""'.l)~.f.' l(rq, Tt-,.tion 21', 

whioh yas ltent conatA.nt t..hroP.f!}l.ont. Ji:Et~h of th~ t}1~e 

neriode dl.\rinp; '2hi~h fg,ec~u P.nrt n,..inP ~P!!'e ~()llecte~. lasted 

tor 10 rieye ~fter 'lhich represents.t1ve P~lrtuota were t.!!.ken 

In the S6oon~ exr,e:r-irnent ft.'lur grou.,..,e of si~ :'"!lte 

each, "11th ah e.ppro:xil\'l'!lte "'~1ght of 70 grt».rtls ner ~ni?!"P.l, were 

-olaceC! on thP. f.olJ.o~ing d,.etf!J: fa) lucerr.e-, (b) incur,.e.ted 

lucer-ne, (o) rutlle:n 1llge~ta .• ~nCI. (1) rul!len 1ne;est!' nlus 

oystine (T .. ·~le l(fi'). A~ 1rt thf' cr..ee! of she~p, each f~U~ 

'!It rtttr. lt'~! eubjt-otec:1 to peri~dcz of lor. n1 t.rogen :tntrJ::e for 

the est1m~t1on of the nt~tat ()11c f~sc~.l n1 t'!'"~ger. r.nc1. .~.1<:'() 

for the endo~anott9 ni tro;:-;en. The :::'tun~n tngset.~. l"!'_-;:: (•'tt'lined 

from sheen 12 hou:r-e •'-'ftPr tl'!ey ~rf!' fe-d luC'-.:rne frc'ITI the ss.me 

st~ek a~ th~t on m1ch the h1ol.,p1o:ol values t;rere dPterm1ned .• 

!'he material we.l ool~.ect•CJ fr·ot~ the rum~·n a1 ther thr,lgb a. 

pa't"ma.nent rut.~ten t'1atu1a o'!'" il.fter" A1Rugh'f;et- o-r the" ~n1m~l ,.,t 

th~:t etinulated time. The 1n.ll;eBt~t ,.,~A .,r\f!i4. 'lt 60°C, s.fter 

wh1oh it ":YP,~ grollnr.1 mnd Mixet'l 't"1ith the other- 1.nzrt~t11:-nt45 of 

the ~tione. A qtln.rtti ty or. luoet-ne t'rtl'n the R F."'e b·,.tch as 
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37°c tor 24 hours. It was then washed and dried in the fUttle 

manner as the rumen ingeeta.. This prod.uot we.s referred to 

a.s 1n.enbatetd lucerne. 

The pen··centai-e oo:n:oos1 tion ot the rations 11 given 

in Tr.bles l(C) ~nd (D). 

3. RESlJL'J\S AND DISCUSSION. 

Complete results on the metabolism stud1el ot rats 

are -pre!:ented 1n t!".ble lB. At the e per cent nrotein level 

ueue.lly fed. to ra.te in the detflT'Tr.intttion of b1olog1etJ.l 

Vl'.luee, t.."l.e ration became \Ulpal~t.t~.ble beeauee the pro;.or·tion 

of rumen in@}!!! ta that he.d to be ineornorAted to obtft.1n the 
. 

desired level of r>I"Otein, w:u; f'OU1"1". to be ·too high. 

Oonsaquentl1, the biolt!'gical value 'I'P~ .... ~termin•d at a 

6 per cent level in or~er to me1ntsin pa.let4b111 t;r. 

As ?Jill oo noted in t.~.ble 18, the avere.ge 

'b1 olofr.ical v~lue o:r lvoerne was found to be 67 r>er cent, 1 ts 

ttp-osrent 9..no :\. ts true d.1gest1b111 ties smnunt to 50 a.ntt. 75 

:pet" <!ent reapeotlvely. There 1e only a e11ght and 1nsign1-

fl en:nt VFriat1on of'K>nt;st tho biologicsl vslues ot the 

1 nd1 vitlu~l s.n1mals which nn~.y be e.ttri buted partly to the 

tact thr-t the f'oo~ intake of each animal we kept constant 

throughout the collection neriod. 

In e::nttpe!'1ng the :r-esults o bt!)inetJ. be t'IJ.-e-en 

(a.) luearne, (b) 1nou.bated lucerr:e, And (e) rumen 1nt;-esta, 

1 t · w-111 be noticed that no st!lttsttoal differ-ence 1e obtained 

in the resalts betTJ''8EHt (e.) md (b), whereas 11'1 the case of 

rumen 1ngostn a much higher b1olog1cal vPlue was shown, 

although the a.p-parent and the true d1geet1t·111t1es P.re lower 

than either for lucerne or incubate~ lueJ?~ne. Thus the 

biological ~alufls are aa follows: LuoArne, 67, inou~_ted 

lucerne, 64, !l.nd rumtn~l ingestlll, 82. !J'he apry~~nt 9.nd t~ue 

d1gest1b111 ties/ ••••..•• 
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-----------------------------------------------
Rat Inita1l Final Average Daily Daily Daily Body M in faeces. ~Qed ab- ~a1ly ~ody ~ in Urine.l'oo~ I tie~ained Biolo- A~~a- True 
No. wgt. ·~ Wgt. Wg~. tood I' in- ll in per gffi. per day.- lf in sorbed ll in :per Ioo per da.1 in Ul .. ine B gical rent digest. 

intake take faeces food. tkeoes N urine gm.wgt. •alue digest. 

--------------------~------------------------------------------------------------------------------
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!ABLE 18 (oontd..) METABOLISM DA!A AND CALC]l:A.TIO.N OF BIOLOGICAL VALUE. 

lit Initial Final Average 
No. wgt. wgt. wgt. 

Daily n~ily bally 
food J in- N in 
intake take faeaes ----------------------------

~ody I In Faeces. Food Ab- Daily Body I In Urine food ~e\ain- Eiolo- lppa- frue 
per ~ per aay N in sorbed I in per 100 per dS, in ed N. gical rent digest 
food faeces B u.r1ae @• w1t. urine value digest 
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TABLE 19: THE EFFECT OF CYSTINE .ADDITION ON THE BIOLOGICAL VALUE OF LUCERNE IB YOUNG SHEEP. 

Animal .Average 
IYJo. wgt. 

Food Oonsumf"ion Dry 
l:Ucerne S aroli matter 

intake 

:N. i.n 
faeces 

/il. 
Endoge- Food fi Ketabo- Absorbed I in 

lie N urine nous retained 
faecal N 
B 

Biolo­
gical 
value 

N.ba­
la.noe 

Apparent True digest 
digesti- ibility 
bility per ceAt. 
per cent 

-------K~g~·------~1!~~----~1!~·----~~~·----~sm~. ~·------~f!~·----~l!~·-----~sm~·----~sm~·----~gm--. __ --~gm--·------~~~m~·---------------------------

uo408 

ti6417 

564~6 

66386 

56387 

oo4oa 

t>64l7 

56436 

56386 

66387 

66408 

b64l'f 

56436 

56386 

66387 

24 

30 

25 

23 

23 

23 

30 

25 

23 

23 

23 

atto 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

360 

36t) 

360 

360 

200 

~00 

P.OO 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

5lo 

5lb 

5lb 

616 

5lfi 

515 

515 

516 

10.04 

10.04 

10.04 

10.04 

10.04 

4.48 

4.40 

Lucerne Period. 

2.06 

2.06 

2.06 

2.06. 

7.81 

'f.6f 

7.70 

'1.91 

'1.68 

4.2b 

3.64 

3.49 

3.84 

Lucerne plus czstine (1 gnun} period. 

10.04 3.20 

10.04 Z.2b 

10.04 3.62 

1u~ o4..; •. a. oe 

10.04 3.13 

10.04 3.58 

10.04 a. 70 

10.04 4.21 

10.04 4.22 

2.06 

2.06 

2.06 

2.06 

2.06 

8.90 

8.8~ 

8.48 

9.02 

8.az 

Lua erne p;~ r1 od. 

2.06 

2.06 

2.06 

2.06 

2.06 

8.40 

7.89 

3.58 

3.03 

3.42 

3.47 

3.16 

4.39 

3.90 

3.80 

4.20 

3.81 

1.44 

1.16 

1.lf> 

1.16 

1.22 

Average 

1.44 

1.26 

1.16 

1.1a 

1.16 

Average 

1.44 

1.26 

1.16 

1.16 

1.16 

Average 

o.oo 
5.14 

6.37 

4.90 

4.96 

6.76 

'1. c.a 

6.22 

6.71 

6.33 

6.02 

5.83 

5.76 

4.85 

6.23 

64 

67 

70 

62 

65 

66 

76 

so 
73 

74 

76 

'16 

68 

68 

69 

61 

66 

66 

1.92 

2.15 

1.38 

1.58 

3.76 

3.00 

3.49 

3.11 

1.62 

2.61 

2.54 

1.63 

2.11 

58 

55 

56 

68 

68 

64 

70 

63 

67 

68 

65 

63 

68 

58 

62 

78 

76 

77 

79 

7~ 

77 

89 

88 

84 

90 

83 

87 

89 

85 

84 

'19 

79 

83 
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d1gest1b111t1e• respectively, .taken in the •am• orde~, are 

50 ~nd 75, 48 and 73, and 40 and 66 per cent. On the buie 

nf these figures, the h1ghe1~ biological vclue of rumen 

ingesta fed at the s~e level or nitrogen &8 lucerne, 1ndi­

oates an 1m~roYe~ent 1n tna quality of the proteins oontained 

in tne ruminal ingesta. This may be int~trr>reted a.s being 

e1 ttter due to the apeoif1c syntheFJ1s ot cysttne in the rumetn 

or to the tormrt1on 01 the rum1nal organls~ of nsw proteins 

with a h1tner ·biologiot-1 v&lue. The c.uestion of 9a.ramount 

l.mpoz·t&nce 1s w.t.etne1• the micro:f'lora OF n synthesise 1 ts own 

t1ssu~ protf.in from luc~rne which 1E knovrn to be det1e11$nt 

1n cy-stine'i 'l;wo possibilities suggest trewe~lves: 

(1) 'Iht. c;yst1n.e content of lucerne forl"'e e limiting factor 

as far as the utilisation by the ee orf·,e-nl sms, of other 

anu.no-aoids is conaerned, i.e. unl~~e ._._~Anua.te eunnlies 

of cys .. c1ne "-l'e avs.ilaol.e, at le~~t P port\:':'ln ot the 

other am1no-6..Cids w1ll tend to paf!!\ thr.on$2;h tron the 

rumen l.lnasa1m11Ettet! by the t:U.crofloT~. 

(~) 'l'he :m1o.i·Oflor&. in the. rum£n i€ e~p::ble of Rynthes1s2.ng 

addi tion~.l cystin(; so as to sup:.iement the nr.. tt;rt.l. 

oefic1enc1 of this amino-ac1u in lucerne. ~is in turn 

allows for an increas~d ~gs1m1lat1on also of the other 

amino-acids in lucerne, and so raises the biological 

value of the ,:;rota.lna in the r1.tmen lng-e~tc. 

In the: la.ttt-r c:i.sc one -.:roulcl e::xpect a complete 

prott::in LUXtuz·e in tl,:_c I'Ulttll .Jr r-~t leee t om~ vmone biological 

value is equ1 YeJ.ent to luoerne s-:.~.polemented by cy E: tine, thBt 

1s, a vuue of 95 :pE;~r "'er~t. 11lL'.', ho':'!ever, is not the- cue 

s1noe a b1olog1c~l value of only 82 "'~e obtP.ined. for rum1ns.l 

iugt:sta. !-leverth(.;;.less, this 1s hi[;her thPn th~.t obtained 

tor lucex•.ae a.l one, wL.i.oh has • t1olob1cal valu~ of 67. 

Hoi'€ ov·e:t"" / ......... .. 
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1toreover, this value of 67 is further enhanced by tll.e 

supplementation of O.f per cent oyot1ne to lucerne, thereby 

!ncr~esing its biological value to 95 (aarais, 1940). 

According to th6 results obtained, the d1geetive p?ooesses 

in tile 1"\unen as suoh e.re, therefore, responsible fol.,. 

inoreaaing the biological value of lucerM :rrom 67 to 82. 

Seeing the,t the supplementation of cystine to the rumen 

1ngeRta further increases 1 ts biological value to 95, this 

affords evidence not eo much of the a~eo1f1o synth<lsis of 

cystine itself as postulated in tne second altarnate, but 

rather or the forre~tton ot additional bacterial protein 

througb which the biological value of the rumen ingesta 

becomes elevated. If cystine synthesis nad taken ?lace one 

would navs exp•oted the rumen ingesta to have a biological 

value at least equal to that of lucerne + cystine, i.e. 95. 

Consequently, it must ce deduced that the f1rst supryos1t1on 

represents the more correct view concerning the r8le of 

rum1na.l baoter1& in relation to cystine metabolism 1n sheep 

kept on a luoerne diet. 

On the baeis of the re2ults obte1ned ~n the rat, 

the experiments on sheep are more readily explaiuetl. As 

previously shown, the supplementation ot cystine to a diet 

ot lucerne was without any et:feot when feel to adult sheep. 

f.nts 1e ex~la1ned by the-fact that luoerne conta1ne suff1o1en~ 

cystine to satisfy thkt portion of the caintonanae reqUire­

ment vd11oh demands a Gomplete assortment or 1ndiapens1ble 

amino-acids. The role of the mioroflora in this respect is 

probably purely symbiotic, by utilising the lucerne nitrogen 

in the syntil&B1e of b&oteri~~ protein wh1ch 1n turn is 

rendered av&1lable to the boet animal. Burr?u5h1 and Kitchell 

have shown thst the maintenance requirement of 1nd1spens1ble 

am1no-ao1ds are indeed amall, being oorrel~ted With the 

apec1•s/ •••••••.•. 
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species of ~1mal 2a well as to the functional ~~tiv1ty ot 

the indiVidual. It oe,n eu117 be appreciated, therefore, 

that dAsn1te its ~ef1o1ency 1n cystine, lucerne nevertnelesa 

can eat1!!fy the ma1ntEJnance requirements n~ adult eheen. On 

the other ha~d, when gr~wth is sunerifflpoeed on m~intenanoe, 

the oy!'Jtine re~u1remente are increased to auoh an extent that 

lucern$ by itself can no longer satisfy thea~ demands. Hence, 

the aad1t1on of cystine to lucerne increases ite biological 

T:?.lue by ae much as 10 per cent when ted to growing sheep 

"('!'able 19). Ooneequently, from the experiments conducted 

both on·rat! and aheeD, there 1s no conclusive evidence of 

aneoific oy~t1ne synthesis in the forestomnohs of sheep. On 

thtl other hand, there are def1n1 te indications, ~hat crude 

pl3nt proteine, 1no1ud.ing othar ni trogenoua aubstanoee u 

shown in the York on urea, are transformed by these ru.m1nal 

organisms into proteins whieh are more reP.~.11y digested and 

assimilated bJ the host ant'l wh1oh congequently are of a 

higher biological value. 

1. Metabolism experiments in which rumen ingesta collect­

ed from ehee~ kept on a diet of lucerne h&y only, •as 

subsequently fed to waite rate, aho~d that the biological 

value of this material was det1n1tely higher (b,y 15 per cent) 

than that of untreated luoerne similarly ted to White rats. 

Moreover, the addition of cystine to rumen ingesta oaueed 

further enhancement of its biological vslue to the extent of 

13 per cent. 

2. In thG oase ot grour1.ng ahEJep, thE> suppl.ementation ot 

luoerue lq oys tine increased 1 te b1olog1cf.U VE,lue by 10 per 

cent, Whereas in adult unimalR, Smuts and Marais, 1n their 

researches, tailed to produce any such improvement. 

~om/ •••.••.... • 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



93. 

from the ertdenoe at present available, it is 

reasonable to conclude therefore, that as far as protein 

metabolism is concerned, the role of the ru~inal mtcroflora 

appears to be primarily that of assimilation of proteins and 

other nitrogenous compounds which are built up into the 

protoplasm of these organisms. With the onward naseage or 

the ingesta from the forestomachs, large numbers of these 

micro-organisms) amounting to as many a.s 1900 m1111 on ·;,er 

cubic centimetre on a diet or lucerne, are si~ilarly swept 

to the more dists.l :oa.rte of the digestive tract where they 

are ex9osed to the action of·~otent proteolytic enzymes, 

thus rendering their b~akdown products available for 

assimilation by the host. 

----~-------~---~-----------~-~--
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III. B. (5) !'HE UTILISATION OF UREA BY RUitiNAL i!ICRQtORAAII~MS • . .._.____ . 

l. Literature. 

2. Conversion of u.re·e into ;u-otetn b)' t~acterle .• 

(1) Exper1m~ntal. 

(11) Re&ulte of th~ illo'U.betjon of rtlmftn ingesta with 

glucoee and urE'E~. 

(111) L1£cusc1on and Conclus1one. 

3. !be ut111Sfl.t1on or ur.,a by ma.tul"e sh~en. 

(1) ~xper1n~ntal. 

(11) ResultE1 o:r the eupnlementat.1on of nitrogen low 

rAtion~ wtth ures. 

(111 ). D1souas1on and Oonolus1om;. 

In sp1te'ot exuer1~antg dnt1ng b8ok 'o 1895, the 

Yalue or non-protein-nitrogen in feedR has not yet besn 

88t1efaotori11 ass•seed. In Germ~ny, where proteins have 

been scs.ree for m~nr yea-r·~ 5 nutt"1 t1ontats "" oom-pelled to 

tee.reh for ~rotetn subeti tutem ar., oontequently, much 

attention was pe1d to th~ pO$~l.ble eubt~tt.tut1o.n of animal or 

pls.nt proteins by synthet1o 'Products like urea, &m"Mon1um 

s.c~te.te, ammor.J.um b1oe.rbont·te, glyo1r..e, asparagine, 

IUOCllUll'Ude P.nd ot.her 1!!1m1lRT' SU~ t!'.nce~ • '!'he SJnthf!!tiO 

product1lm of urea by artitic1~1 f1xr-t1.,n of a. tmospherie 

n1 trogen bas nl~8.f!y been oP..rr1ed out 1n r.er-ma,-:ny an~ America 

on a co~rc1al scale ~t a ~ry low coot of ~roduot1on. Its 

use s..s s. pa.:r't.it.~l protein substitute ""·" ·round both 

econo:mic&l enC! physiolog1cs..l by the OeMan roreoh'f.tnge Dienst 

( 1937), and 1 t wa~, therefore 1 inoorryoMI~d. 1b l"Umina.nt 

teeds in the fof"'l'" ot 'sl'11d~-o1lcs.ke' and 1am1de-molalses' etc. 

Owing to W$1" cond1t1~ns, ,~ote1ns beca~e limited 

tor/ .......... . 
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tor an11'n»~ teeds 1n G-reat Bri tt:Uu, so th&t active steps he.d 

to te taken in or~er to ensure adequate aupnl1es of proteins 

or ot p:t•otein-eu'bstitutea (Benesch, 1941). Acoordlngly, 

extensi vtJ and well pJ.anned exuerime n ts were ini t1a ted both 

at tne Hannah Dair.T Researah Institute, Ayr, by Owen, Smith 

and others, and 1n America oy Harris and latahell, t;;, 

determine the value or urea as a protein substi tuttt. In a 

preliminary re~ort publiened ·in 1941, O~n et al found urea 

to be of Muna.uest1onaole value as a partial substitute for 

protein 1n the tead1ng or dairy oattle•. 

The inYest1gat1ona oarried out ao far were all 

pre.ct1csl fee tUng experiments, desi~nad pr1ma.!'1ly to ascertain 

the result of this 'n.m14e 1 aubat1tut1on on: 

(a.) AU.lk produot1on 1n dairy cattle and goats. 

(b) eat produ.c ti•)n 1n heifers, bullocks, sta. 

(o) Moat and wool production 1n sbsep. 

(d) Humans and poultrr. 

!r~b~ (1 ~37) r.>reeented ~.n ~xh~ul!t1 ve- rev1e•' ot 

G-!rman 11 ter~.ture, on the Aub,1ect un to 19:?;7. fie ~uoted me.ny 

recent exne!"1ment9 1 e. g. Schmie!t et al (1937~, a._rstens and 

Mehner (1937), ~leh:r·in~ (1937) all bein~ fror, t~e a.rman 

Fort!ahungs D1 en~t, 1n wh1 oh eubmtn1m~l rat1on1. ng of n1 trogen 

wae us~d !ln~ 1n rl:tich rn111!: :;i~ltl!. wtte st1nrul1lt~'- by th~ teed.1ng 

of u:rru~. ?.."'l1le e}'T!'li tt1ni!: th~t the !l!tec11n~· or ~uch eom.,oune .. s 

as ur~~ )!P.fl~ (!:! yo()~o11 htt" some .,f'feut 1n au~enting the 

protein v.rlue oi> tr~ ~te t, ,-!"eb.t wl!'.s !'e1uet:9.nt to accept an7 

eon.~t,_e.,..~'tlle> -yY"nt~.1n ~y,the1!1s, o-r th.!".t t'J:':Ie ~~t~r1a.l -protein 

prO"l.lC'~ n.s of u:.v r..ln:·.reoimb1't ve.lue to t.}-!.e r;nims.l. 

eehm1dt et al (193?) 1nvest1~ated the .:.v&.1lab111ty 

et urea for th.e produet1 C~n of !!!ilk. !'~'~ pJ ~nni. nP; their wort 

they/ •••••••••• 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



96. 

they assu~ed a 50 per oent utilisation ot u~ea by the cow. 

Only on.e n'1!''!1~lly fed, and ttve urea.-f'ed a.n1"1Als 'Jifere uaed. 

A 14 d~y ~ontrol peri~~. curin3 'r1~h ~11 t~~ ~n1~alt were 

:feet &lik.e, 'Ntl.e. foll·:''.''t;o"' ":Jy a 76 ih·y e:r:~c:,."i11E~'!l":r.1 :o€riod. 

Duri na, t.'1.1~ tit"e tlle .mil 1r. y1.:;1 !~ r.'1~ ·t":::e no:r;n·:1ly ff,e_ s.n1mal 

fell fr~"n 2'=-·.9 t.o 18.1, i.e. b;y 7.<3 ::":g., 1:'.:1~ tr .. :t n;"' the 

e;x.pcr·11nent~1 t;ntati'.lo t'X'O'fil ?6.7 t,, 17.'.3 1 Le. h;y ·?.1 rg. The 

~verag£! yie1"r::.~ \ll tb~ cv'JI"E1~ )f tt:~ ~Y.~:erlrr.entr:1 p9t>1C'dl 

were 2£.5 an<"!. ?2.1 Kg. per an1"1'1!i.l p~-r Cay !""s~ect1vrly. The 

experlment;,tl group loa t 4 K&. 1n "bo~y r?lfht ner 9.n1TN.l.l 1n 

the ex:">e!'i'11f!'nt~l ""leriod, 'l""hil"l thA n{l:riM.11y fed an1mvl 

ia1r.ed 5 r:~. At the <!nd of th1l! ~xper1rr~nt a t:r~u'C' dr animals 

on e. ni trt<~;..r~n deficient niet we!. al~o l ncluda<'! 111 ·Jr~1er to 

show thttt t'be col!trol 1..'":!1~ttl hto. n.,t been ov~rf.sd. 'Ihe milk 

J1elds of t:.:.te!!e d~~re~9e~ f-r-o'!D 18.4: to 14.4· T(~:. in 10 days. 

8im1lnrlr, ~xpe~imcnt~ v-Gre ple.nbed by lth"l"'enberg 

e t Q.l (1938) on fo~r a-:roups of e1gr.t co~. lfhe~ ~ Ol>ilfirlled 

prev_1oue Qerman worlr~ a!' to the. protei n-ap~ri ~g e ffeot ot 

tlrea. F.:b.renberg und his calleae_'Uee cJ.c,.imea that gl;.,u1ne also 

had a sparing e!feot. 

Nehring (19:59) 111 furth.er e:r.:pt:.:r-1rr.~ntf, carne to the 

e a no conol us 1 on M lilire n berg e t al, v1 z. the. t there vJ&a a 

limit to the extern; to which tl"le protein of the l'~oduction 

ra. t1on could be replt;.ced by urea.. Nehring found. a b&net1c1al 

ef !t~ct \dlen urea. was given in euff1c1ent qu.~.nt1 ty to replace 

tne :protein ot the pl~oc.uutlou rttt.1on fur E Kg. milk, but a 

dol1ter1oue eti"eot ,._nen urea~ given 'for 10 Kf. milk. In 

theee experiments in l"'hict.~. eic:l}te~n ctW"9 ll!~re v~ed_• the 

protein equivalent <Jf th.e V:rf'e. WD.s calcul~ted on the baa1a 

ot a 50~· utilisation. 

P.eettl te of e:r.:"?er1~nte of P..ichter !!.Inc Hsrb;t (1938) 

tfUpl')Ort/ •••••••••• 
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support tbe claim ot Ehrenberg et al, that glycine has a 

protein-sparing etteot. Richter and Herbst uaed four grou'!>• 

each of e1i!)lt con. One group was deprived ot part ot the 

production ration, a seoond was norm&lly fed, a third had 

50,_ of ~ ts production ration replaced by urea, and in the 

tourtb group 5~~ of the ~roduetion ration was repl&ced b.Y 

glycine. The use of supplements resul ta3.1n a f~ll in milk 

yield wh1ah was less evident with ~lyc1ne than with urea. 

Eventuall7 experiments were conducted on a large 

seale b7 the German F~rschungs Dienst, according to a common 

experimental plan, 1n wh1oh the protein demand for about two 

gallons of milk was covered b.J •amides•. In general, the 

'am1des' were found to posseas half the efficiency of protein. 

!haratore, a complementary value (Wertigkeit) of 5C waa 

allotted to urea nitrogen. These results lsd finally to the 

commercial manufacture of the amide-oil-cake oy the German 

I. G. 

The moat recent work in thia respeot is baing 

oarr1ed out at the Hannah Dairy Research Inst1tu~e, Ayr, by 

Owen, 8mtth and Wright (1941) who in a preliminary report 

published the follOWing findings: 

(1) Urea which wae first rapidly converted into ammonium 

salts in the rumen, -orond to be of unquestionable 

value as a nart1al substitute for ~rotein in the feeding 

of dairy cattle, proTided that it was fed 1n proper 

amounts and in a suitable mixture. It was readily eaten 

b7 the animals and was w1 tnout 111-effeots either on 

the general health or in the yield and qualitJ of their 

milk. 

(2) In the course of in-vitro incubation of rumen oontents 

inwbiah the genrral oond1t1ons or the medium and the 

m1crobi~logieal/ ••••.•••• 
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m1crobiologJ.cal picture (so far as could be judgeA) 

'ftii'e eim.ilar to those in the intact .l"WDen, the 

oonversiou of non-protein-nitrogen to protein .., 

cl~arly demonstrable. T.hie eonverPion, though small, 

wa~ sufficient to account for.tne ~ffective utilisation 

of much mo~ \.tree th£:-n ,-ould normally be included in the 

diet of the laetating cow. 

(b)' Cattle: :£tie etfeot of •amid.e} feeding ~n 

meat nr<!~!.2.!'!:. 

At the end of hie exhaustive reView, Krebs eummed 

up by stating that eviC!.ence had not betn '!>rnduee6 or any 

1ncreas~ or flesh as a result of ure~ feeding, and that, 

until such an increase had been demonstrated, it could not 

be said that there was eny subeti tut1on at -orotein by urea • 

.However, e.xneriments published since the reView of Kre~ 

have SU:>Plied. eonv1no1n.g evidence th&.t urea and ammonium 

salts may, to a considerable extent, ~ssu~ the ~le of 

protein in the ruminant. Hart at al (1939) ha!e subjected 

urea and a:atrnon1um b1oarbonate to a very stringent test qy 

compti.r1ng them m. th oa~e1n. In a 'Pre11n1naey experiment 

tour male calves ".rere used. The baeal ration oontf:'ined only 

6~ protein. This wa~ 9H:?"'le.,ented. in th~ o!ts~ <lf the 

exner1Mntal calves •J1 th u-rea, 9tllfllon1u'M bioarbonate 'lr 

ossein 1n ~uff'1c1ent quanti ties to rs .. ise thii; arude p!"lte1n 

oontent to 18).. The cHmtr-ol :=~.n11tt!l.l sho"ged an increase 1n 

weight of 120 lb. 1n 23 we!ks, dur1nB ~hioh period the 

aamon1um bioarbonatA, urea anct case! n-1"e". q_n~ mti.ls eh()'\?ed 

1noreesef! of 170, 220 and 310 lb. respectively. On anrly~ie 

the motstu~e, f~t ani orotein contents of the tls~ues of the 

different ~n .. oun~ -were very ~i·n1le.r. The exo6r1l'!lent ~s 

reueated •1th stx he1ter oalvee on ~omewh~t a1~1l~r ~ations. 

Oom:Jarable / •••••••• 
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Comparable rates of growth were observed in all the animal• 

eaoept the one receiving a basal ration. After 12 weeks ite 

weight remained constant at 290 lb. while the apnetite waa 

poor. A aupnlement ot 1.• lb. urea per 100 lb. ot toed wae 

then added to its ration. The appetite 1moroved and growth 

continued tor 9 months at the rate of 1 lb. per day, which 

was but slightly less than that tor the oueln-fed calf 

(1.2 lb. per da,-). 'Jhe animala showed regularly recurring 

oestrus. Samples ot rumen content were collected at post 

·aortem tor pH determination. This showed no aign1t1cant 

difference. Bacterial oul turea trom the aame samples also 

revealed no essential qualitative or quantitative 

differences. 

Fingerling (1937), Bartlett and Cotton (1938), 

Murray and Romyn (1939) and Work and Henke (1939) have all 

reported favourably on amides aa promoters of growth in 

oattle. 

(c) Sheep: !he effect ot 'amide' feeding on mea~ 

and woo1 production • 
• 

Mehring and Schramm (1937) ueing growing lambs 

replaced one-third of the total nitrogen b.f urea, glycine and 

ammonium acetate respectively. Whilst the nitrogen-balances 

are negative in the basal and low protein periods, they 

became positive in the 'amide' periods reaChing a maximum with 

ammonium acetate. Up to 200 grams ot urea wae fed da117 

to the experimental aheep, without any ill effects. 

Very s1m11ar results were obtained by Mangold and 

Stotz (1937) who experimented with linseed cake plus urea, 

and w1 th potato fiakea plus urea. The amount ot urea present 

in both preparations was about 15 ner oent. 

L1liencron (1938) feeding glycine to lambs for 150 

days/ •••.•••••• 
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days, obtained yer.y satisfactory results. 

Kirsch and Sauer (1938) studying the effect or 

different •amides' on growing shteo, with 20-30 per cent of 

the n1 trogen w1u1 repleoed, found ·no differences between the 

normal and urea grouna with regard to live-weight and ~ol 

Tlroduotion. 

Harris and Kitchell (1941) planned a ser1ea of 

e XlJeri menta 

(1) to determine ~ether the rate of oon.era1nn of urea 

was sufficient to cove~ the maintenance requirements 

or sheep, 

{2) to measure the erfioiency or conversion by oomnaring 

its biological value w1th that of casein, 

( 3) to determine the extent to which urea nitrogen could 

be used in satisfying the growth requirements of sheep. 

They concluded tha.t 

( l) Sheep c:cy be :oaint:!.1ned in body !tnd n1 trogen equili­

brium tor well over 100 days on rations containing urea 

and minimal amounts ot protein, where the latter 

provides only one-tenth of the amount of nitrogen needed 

tor equil1 brium. 

(2) Nitrogen equilibrium may be maintained on 202 mgm. of 

urea nitrogen and 161 mgm. ot casein nitrogen per 

Kg. of body weight daily. 

( 3) At n1 trogen •qu1librium the biological value of urea 

n1 trogen is 62, and ot casein n1 tr·o~"8u 79. 

(4) ft~.e addition or urea to a low-nitrogen ration ~hich in 

1. teelf is un~a.ble to supnort ap·oreoiable growth 1r~. lambs 

or even to maintain consistant nitrogen aqu111brium, 

converts it into a ration ca.pat;le of promoting a normal 

or nearly norm~l rat• ot growth. Su~l a ration need 

contain/ •••••••••. 
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oonta1n no more the.n 11;' of conventional -orote1n 

(B x 6.25), in which urea provides so% ot nitro~n. 

(5} Rations used in the experiment and containing up to 

3.16~ urea on the dry bat1e do not exert any notable 

toxic tffeots on lambs over a feeding period of 110 days. 

Some renal hyr;>ertrophy resulted in lambs on the higher 

urea leYels. 

(d) ;ne effect of 1am1de• feeaing to.rato and 

oh1okens •. 

Utit1J.1sation of urea. in rate (Kriss an<l Marcy, 1930) 

and oh1okena (B1oe aru! Dean, 1942) could !10t be demonstrated.;. 

M_INCLUFE!IOE OF kiORO-ORGJ.NISJtt.q ON THE UTILISATION 

0 .F ' AMIDF.S t • 

Ar. tar bA.ok &18 1843 Delafond eroressed the Yiew that 

infusoria mi~nt have a special nutritional significance. Later, 

Pasteur and A Mayer (190?) succeeded in producing micro-organic 

protein trorP. ammonia, uaine, Jf!&at mou1dlll. T'.aeee re~ults were 

confirmed by ti. jU•ller (190£) with aaparagiae and ammoniua 

hydrogen tartrs.te, by showing tb.at rumen bacteria prefer theae 

aubste.noes to protein for anabolic prooeesee, thereby producing 

coueicierable quanti ties of 9J"'te1n. Zuntz (1913, 1917) assumed 

that t ~ties 1 could ~ u1utd by the ruminant as a result of 

assimilation ot tbe •amideet by rumlnal ~cter1a ~iab were in 

turn digaeted in the truly enzymatic d1gelt1ve tract. (Zuntz•a 

bacteria hypothesis). 

In l~2V, Voeltt., on. the bes1s ot extensive experi­

ments, conoluded that urea coUld be utilised as nrote1n by 

t.ne ruminant. He also usume-1 that urea was first built up 

into b!loterial ~rote1n in the digestive t-c-aot and that 80-90 

percent or tn1a wM atte:Mrards absorbed from the 1nteet1nes. 

Klein et a1 (1936, 1937, 1938) concluded on the 

basis of the results of their metabolism ezper1me~ta, tnat 

in/ ••.......• 
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in oerta1n protein def1oitnt rations, protein could be 

17ntheaiatd in tne rumen from the nitrogenous f~aotions ot 

1molaasea-amidee•. 

I.e nk.ei t and Becker ( 1938) • tudied tht f& te of urea 

in r am1de-fiak.ea' in the rumen. '!'hey carried out experiments 

in Yivo and in vitro. In the former the decomposition of 

urea into ammonia was instantaneous, but in the latter, 

working with ruminal juice, it could be followed analytically. 

There wae a progreaaive decreue of urea n1 trogen and increase 

of ammonia nitrogen, leading to the complete decom~oaition 

of urea after twent7 tour hours; 10 to 20 per oent of the 

original urea, however, did not appear in the form ot 

aamon1a. 'the fixation o{ ammonia nitrogen in the m1or.o­

organiams themaelvea would probably explain thia. 

Bart et al (1938) showed experimentall7 that urea 

and ammonium carbonate nitrogen could be utiliaed tor at 

leaat a part of the eupplJ of prote1n·nitrogen required by 

growing calvea. 'lhey concluded that the protein were pro­

duced by bacteria while multiplying 1n the rumen and that 

subsequent digestion of the bacteria in the fourth stomaCh 

and intestine made the proteins available to the host. 

Harris and K1 tahell (1941) found the average true 

digest1b1litr of oue1n nitrogen to be 86.9~ and that of 
'11 urea n1 trogen as. a~. Urea is a readily aoluble compound and 

ita n1 trogen should haYe been d1geated very ll8arly 100 ner cent 

Harr1a and Mitchell concluded that the portion of urea 

nitrogen that oould not be accounted tor was probablJ 

converted into bacterial protein 1n accordance with the 

hypotheais that urea nitrogen 11 changed 1nto bacterial 

n1 trogen in the .,aunch. 

Prom tbe literature oonaulted tbere are atrong 

1nd1oat1ona that the ruminal bacteria are responsible for tbe 

synthesis/ ••••••••• 
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aynthea1s of protein from non-p1 .. ote1n-n1 trogen. However, the 

oruo1al point as to whether there 1s an actual increase in 

the rum1ns1 t .. ~etel"ia and hence in bacterial protein during 

{!lllid.e' reeding, has not been direotly 1rro-ttst1gat&d. 

Similarly, the b1oo.hem1cs.l rea.ctiona 1nvol ved 1rt the rumen 

dut•ing th1a oonTersion ot ncn-prot.t1n-r.1 trogan into true 

protein etill rama1ns to be explained. 

Experimants w.re aeccrdlnglJ plar~d to throw 

light on: 

( 1) the· mechan1&lll of the o.,:,nyercion ot urea into protain 

in the rum~n, and 

(2) the ut1l1•at1on or urea by matu~ sheep. 

2. 'J.'IIE IIECHANI8Jl OF THE CONVERSION or UREA INTO 

BACHRIAL PROTEIN. 

lunge (1937) pro1n!d t)l means of fil tratt:Hl of rumen 

1n~etta that ~n enty~ "urtasl• was prsaent 1A the rumin&l 

ju1c~t. The modet or ao·t1e>n or this ensyme 11&.ii, however, 

obooun until Ltnke1 t and Betti:er (1938) showed that 1 t acted 

b7· h,ydrolysidg u.t:.ea to co2 and Mf3• 

I 
I co 
\ 
Hft2 

In an attempt to eluuidate tbe conditions und~~ 

which th~se reactions oan take plaoe and the me~haniam 

where urea 18 util~eed ib the production ot m1o~~organio 

n1 trogcn, the following exp8rimvnta, both in Yi tro a.rd !!! 
vivo •~re oa~ried out in order to obtain quantitatiTa data. 

( 1) .S:x-nerlmental. 

Exper!monts may be oond~.tot~d 111 vitro w1·th ru..~inal 

,ingesta 'ilith:)ut departing a1gn1t1oantly tr.)m th& normal 

course ot fermentation in the ~n provid~d tile per1~d 
. 

during whioh obaervationa are made doea not ttxocad three to 

tour hours. After th1e period ot t1tne the al>aenoe ot Salin, 

wh1o...h./ •••••••••• Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 
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whiob is continually being swallowed and added to the ruminal 

contents by the animal, alters the normal course ot fermenta­

tion due to a change in the hydrogen-ion concentration. 

J'urthel'llore, even if the hydrogen-ion concentration 11 

controlled by chemical substances, e.g. ohalk, putrefaction 

aets 1n as a result ot the accumulation of metabolic products 

and dead mioro-organiame which are u•uall7 diluted in tbe 

rumen bf aaliva and also continually passed out of the rumen, 

together •1th food particle• and ruminal Juice to the lower 

compartments or the digestive tract. 

For the purpoaee ot this eXperiment rumen ingesta 
0 was incubated at 39 C 1n a thermostatioally controlled water· 

bath. The waterbath aga1n.waa kept in c-ont1nuoua gentle 

to-and-fro movement throughout the period of 1nou.bs.t1on b7 

means of a meohAn1ollll ahuer. The rumen ingesta we.a with­

drawn :trom the rumen of sheep w1 th permanent art1:f'1oial 

fistulae 1mmed1atelr before the commencement of the eXperi­

ment in the morning. Tbeae sheep were ted 600 grams nld 

har, plus bone aah, aalt and yeast, daily. 

In each of :tour 250 ocg conical fiaska 100 co. ot 

fresh rum1nal ingesta waa plao•d. . naak 1 was kept as 

control. To flask 2 .166 grams ot urea was added. A s1m11ar 

quant1t7 ot urea plus one gram of glucoee was adaed to 

flask 3. The fourth received one gram ot glucose only. 

Small sample• were withdrawn from the control material :tor 

hydro~n-ion oonoentrat1on determination and bacterial 

oounts. All four naaks were then incubated 1n the water­

bath at 39°0. Further laiRl>ling was done at halt-hourlr 

intervals tor pH determination, and after one and three 

hours tor bacterial counte. 

R-1on concentration values were obtained with 

Beckman'• Glass Electrode pi meter. 

'l'tle I • • ... • • ... 
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The experiment was repeated on different sheep 

with varying amounts of urea, but w1 th essentially the 

same results. 

The resul ta of typical reactions encountered in 

experiments where the minimal and maximal quantities of 

urea were used are presented in table No. 20 and will be 

discussed below. 

(11) RESULTS OF THE IICUBATION OF RUilEN INGESTA WITH GLUCOSE 

AND UREA. 

(l) Effects on hydrogen-ion concentration. 

The effects of incubation on the pH of the rumen 

ingesta are revealed as follows:-

(a) ~ontrol sample_: The pH remained fairly constant, with 

a definite tendency·to acidity towards the third hour 

of incubation. 

(b) Rumen ingesta +urea: !be pH increased on the average 

trom an initial value or 6.94 to 7.83, i.e. by .89, and 

shifted therefore from the acid to the alkaline side 

of neutral1 ty. The ingesta acquired a muety odour and 

turned dark brown. 

( o) Rumen ingesta + urea + slue:>&•• The pH compares very 

well with that of the-control. The nuctuations are 

between narr~w limits, e.g. pH 7.02 to 6.55 at the end 

of the period of incubation. It therefore also has a 

definite tendency towards acidity. 

(d) Rumen ingesta + glucose: The pH falls well below 

neutrality, Viz. from 7.02 to 5.7. In one trial in 

which • 33 gram urea was used, the pH of the mixture 

rose from 6.7 to 8.45, i.e. by 1.75. A slight 

ammoniacal odour was perceived. In the flaak contain­

ing glucose aa well aa urea, the usual slightly sour 

odour aa well as active fermentation was present. 

2./ ......... . 
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'fABLE 20: EFFECT OF UREA ADD GLUCOSE OB BA.OTERIAL POPULATION AND pB OF RtJl(F.N INGESTA IN VITRO. 

------------------------------------------------
Trial Time 

1 0 hours. 

Shee;;> 8 
t hour 

1 hour 

li hours 

2 hours 

3 hours 

2 0 hours 

Sheep 8 j- hour 

1 hour 

lj- hours 

2 hours 

a hours. 

0 hours 

Sheeg 8 
i hour 

l hour 

1i hours. 

2mhoure 

3 hours 

Bact. count Control 
and pH. 

Bact. 
pH 

~act 
pH 
Bact. 
pH 

Bact. 
pH 

Bact. 
pH 

Bact. 
pH 

Bact. 
pH 

Bact. 
pH 

Bact. 
pH 
Bact. 
pH 
Bact. 
pH 
Bact. 
pH 

:Bact. 
pH 

Baot. 
pH 

Eact. 
pH 

Bact. 
pH 

Bact. 
pH 

Bact. 
pH 

1000 :X: 10° 
'1.02 

'1.18 

1044 X 10° 
'1.18 

6.92 

6 
1069 X 10 

6.82 

llJ3 
6.80 

6.80 

6.68 
1248 
6.22 

£.80 

1211 
6.80 

6.62 

Rumen Ingenta Rumen ingesta Rumen ingesta Diet 
• Urea. ~ Urea • ~ Glucose. REWARr.S. 

1000 
'1.02 

1033 
'1.'18 

7.90 

7.90 

1189 
7.80 

l.lJ3 
6.80 

7.90 

1433 

7.88 

'1.Sn 
1490 
7.60 

llo7 
7.02 

'1.70 

1389 
7. 70 

7.42 

1442 
7.46 

Glucose. 

1000 
7.02 

'1.08 

1340 
'7.10 

6.88 

6.80 

l43J 
o.oo 
1133 
6.80 

1667 

6.90 

6.50 
1778 
6.22 

1167 
7.02 

6.'16 

16'78 
6.68 

1000 
'7.02 

1167 
6.18 

6.15 

i.02 

1188 
5.70 

l1J3 
6.80 

6.10 

1378 

5.98 

o.bo 
142P. 
b.20 

116'1 
7.02 

1411 
!).98 

e.7o 

1409 
b.40 

Veld ha7 .166 gm.urea 
100 cc.R.i~ 

Veld hay .loG gm.urea 
to 100 a.o. 
R. ingesta. 

Veld hay .166 gm. urea 
to 100 eo. 
r. ingesta. 

-··------·------------------------------------------------
4 

Sheep 8 

o Hours 

t hour 

1 hour 

li hours 

2 hours 

3 hou.rs 

'Ba.ct. 
pH 

Bact. 
.PH 

Bact. 
pH 
Bact. 
pH 

Bact. 
pH 

:-Jaot. 
pH 

1189 
G.7 

6.7 

l23Z 
6.62 

6.~ 

1300 
6.22 

1189 
6.7 

a.ob 

8.30 

1511 
8.4fi 

1189 
&.7 

G.82 

1706 
7.20 

7.18 

6.96 

1900 
6.70 

1189 
6.'1 

1478 
6.92 

0.78 

5.52 

lb44 
.5.22 

veld hP.y .33 b~• urea to 
100 ec. rumen 
ingesta. 

---- ----- -"'_...........,.. ___ "' ________ . _____ ... __ , ________________ - -- -·- ·-.....-..-...--... --, ... _.. __ ·--
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(2) The effeote on bacterial counts. 

(a) control: Bacterial populations increased on the 

c.nra.ge by 10 per cent throughout the -period of incu­

bation. No active fermentation was seen. 

(b) ~en ingesta + ure!: The inereaae in bacterial popu­

lation W9.S 24 per cent.. No fermentation was notioe-

able. 

(c) Rumen ingesta + urea + glue~• '!'he bacteria increased 

b.1 50 per cent. Very &otive fermentation took place. 

Large amounts of. gas were liberated~ 

(d) Rumen ingest& +glucose: A bacterial increase of 23 

per osnt w~s produced. rarmentntion was very active 

w1 th sv-olution of mut;h gLs. '!'h.e ingesta b.t-l.d a sour 

odour after fermentAtion. 

I::1 +;he tr.ill.l 1n vrhich • 33 gram urea Wi..!J nsed, the 

bacterial ~onulation of the ~men 1ngesta~urea mixture 

increased by 27 per oent as aga.1Mt 24 per eent on the 

lesser oount of ureP.. The material containing glucose u 

well, fermentee actively; its baoter1~ increased by 60 per 

cent, ss against 60 per cent on .1~6 gramm or urea and 27 

per cent when glucose was not added. 

(iii) DISCUSSION AND CONCLUSIONS. 

From the experimente~ reaultP 1t anpears that: 

(l) ~e pR of the ~~men ingesta eontain!ng urea definitely 

beoame allt~.li.ne, but nt't to a degree which te considered 

detrimental to rum1nal bacteria. A pH 7.9 is frequently 

enoounterad in normal ~m1nal ingesta fermenting 

actively. (Unpublished data, S.J. ~burgh, Onderetepoort 

Le.boratory). 

(2) !here wae no p~roeptible fermentation ln the ingesta-
• 

ure& mixture throughout the ~eriod ot incubation, and 

the/ •••••••••• 
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the ingesta developed an unusual dark brown colour as 

~ell as a musty odour. The indioation is that some 

ftt.{ltor other th&.a pH. hr.ti 1nhi1:·i tetl tl'.!f' not·l!utl progress 

of fer""!l'!llts.t1Clt.l :;end &l£0 pertl!.lly 'th~t or b~oterial 
mul tip11cat1on. The bacteria incN..&£\er- by 2-4 rrer oent 

only compare~ to 50 per cant in ot~~r 1n~t~ncos. 

(3) In the oase ~f rume.!"l ingestn. + "'re~ + ~lu.cc::s the pH 

of the rn~diurn setSm~ trJ ha,~~ 1:;..-c~n t3Cl'lt:·t~ol1·~·~- t{nd. k.~nt 

t.1. thin a range of h;rd.rogcn-i·'n concEnlt:M?.t~.:)rl ?b.ich was 

favour·.:.l:lle for :~ct1 v~ f~rml";nto:!:ion 1\.!'l.:'l l~ct~:r1al. 

prollfe.cE;.tion. 1'1 th1.n 3 hotl:;:rr th-!1 lY.~Ldt.Jr1al flol'l:t was 

increased by 5·') ?r!T' O!l)~t oo't!lpe.red 't·:> 2~, uP-r cent 1n the 

cue •Jf rumen ingesta + u:;:-ea only. It seems, therefore, 

u if no inh1b1tOFf sub!ta:1CihJ lltl.f'·! for,.,ed, ,r, if they 

~~ra t~rmat, thCJ .ers eithe~ ~~mo~ed ~r noatral1~gd. 

( 4) I'he Ll~!)! t~ -:)Ont'11~.'11 n~· glu-: ?~e ?r1y, ·r:::"t!''!nt~~- act.\ vely, 

but har.a t.le"'J t;1~ b'1ct·~r1tt me.r"Jly h!~ree.·Jed by Z'3 per 

e11nt. .\ft$r 2 h:1~1r~ th! ·~Hat 6.5 could t1ot h'lV·~ "::een 

1nJu:r-1ous to bRctsr1e.l mult1:':'11c~t1,Jn. A f"JO!!ii"!::la 

1nh1b1tnt'Y t~cter flbich cNlld b-~ eoneide.red o"! s1gn1f1-

oant influence 1s e d~ti~1~n~: o~ r.itro~~n. G1m1lsrly, 

1n the :Jae~ mere urea only 'f'fHl ed.rle\..1. -to th~ :"U.men 

in~Rtf\, w!:ich !10UL:~ .. not h.9.ve ctJrJt!1.1':1e~ much ·11trogon 

nor i' ol,.lbl'~ 0ar•oohydrr. tJ :.lt th!! ! tPts·e ::1t m~ .. (~h 1 t ,,.a 

W1 thd.ra~n from -=he ~msn, fl dttf!.oblnoy of rofl.t.1ly 

soluble oa.:oC.:lhyCI~tttt- ts indi~'le .. ted. '!'he mP-."!j.tm ~o which 

br-,+..h ure11. and glu!lOE~e w~e attded, ferrn~ntetl 'lt.:~ .. y wall 

end also pr~uord a 50 per oent bacterial ruult1p11cat1on. 

It sa&rJs, therefo;oe, that 1f both n\trogar, aiv't glucose 

,.re .,.,re,ent in rtr:1!.11!'.l juice, fa7·:Ju:rnble oond!. tionA 

~ el'f)Stfld 'f"~r fot•m.,nta.t1!Jn ann bs.cteria! d~l·r1s1on., 

me~a.E I .. ....... . 
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wh•reas it one or the other is a.b!utnt or beoomttB 

dttf1o1ent, the tementat!ve and 1'rol1ferat1 ve ,lr:>aesses 

e.re hamepered at a star,e \'fhen e1 the:r the n1 trogen or 

energy supply becomes deytleted. For the max1!Tl8.l 

ut111sat1on of urea nitrogen by rum1n~ b~oter1a 1t 1s 

necessary therefore, that a luff1c1ent ~~ount ot readilY 
. 

aoluble carbohydrate be present 1n t.he rum1nal tlu1d. 

Urea, on hydrolyets 1n the rumen by the urease present 

there, g1 vea rise to oo2 snd m3• !':1e oo2 thus tormed 

11 1nsuff1o1ent to bind the NR~ to torffl ~mmon1u~ 
.:> 

carbonat~. Calculated from their ~ol~oulsr w~i~ts, 

ap:prox1matel:y .01 graHt 002 .uat be der1Y'll'l from the 

rumen 111g'eata to bind. the NH3 aet tree •. If 1 t 11 

considered that a large Mlount of 002 formed 1n the 

rumen is lost either br eructation or s.bflo~t1on t!'Om 

the rumen or by d1eeolY1ng into the rum1nal fluid, and 

that JR3 ~Y similarly be ~beorbed or dissolved in~o 

the fluid, it beoomes so murib more necessary to haTe 

an exotHIS of 0~ so ae to bind aa much of the NH3 u 

possible and ~revent 1ts abeo~tion 1nto the airoulator,y 
I 

system aa ~armtul &gent. 

It is ~oss1ble to obtain .25 gram 002 from 1 gram 

of ~luooee so that the addition or 1 graM glucose to 

rumen in~sta to Which .166 gram of urea h~d been added 

would eneure an excess o:r co2 • Under these cond1 tiona 

ammonium bicarbonate (NH4Rco3) which aote as a butter 

1a coneeivabl7 formed. This aae11ts the s~l1Ts in the 

control of the hydrogen-ion oonoentr .. t1on of the rumen 

ingesta and favourably 1ntluencee the proliferation of 

the flora a1 well aa the fermentstive ~rocesses 

ocourr1ng 1n the rumen. 

In oonolua1on 1 t mq therefore be said that 

urea admixed with rum1n&l ingesta acte 1n a twl)fOld 

VIB;y I . ........ . 
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way: 

Jlretly, bW supplying tbe micro-organisms with & 

form of nitrogen wn1cn oan be transformed by the~ into 

bacterial protein. '~11 protein is ut1lie~ble by the 

ruminant to the extent of 90 per cent &eaording ~o Voel ta 

(1920). 

Seoondly, urea, when hydrolysea. into IH3 and 002 , 

probably contributes to the production of ammonium carbonate 

and ammonium bicarbonate in the presence or a sufficient 

amount ot readily soluble oarbohydrate in the rumen. These 

substances aot1ng as buffers in a variable deg~e, in turn 

s tab11'1se the hydrogen-ion oonoentra t1on 1n the rumen and 

promote the Y1tal procesaes of fermentation and b~cter1al 

proliferation. 

rurther exptriment.a are being undertaken to 

determine the most eoonom1cal re.t1o bet~~en the amounte ot 

urea and carbohydr!•t• requireo. tor 11ax1ms.l utilisation ot 

the urea. 

3. The t't.111t •-t1 (ln of u~ ~ by m~.tur€ P.he er;. 

As e. result of the inform& t1"n obte.1r!ecl 1n 

Exper1-.nent 1, a second exT)eriment Y?~.s .?lU'!.ned to determine 

the effect of urea. on the- rum1tia.l b&.oterie 1n vivo ~nd to 

prove or d1 !prove th~ hypothesis (Harris sno ALi tchell 1941) 

that t.he ut111se.tion of ure•. by adult rum1n11.nta occurs 

throu(?Jl the formation of bacterial protein t"rol?l '-lrea 

ni t!'o~n. 

( 1) Exner! mental: 

For th1a purpose five f1stula sheep ~ere fed on a 

stanc1J:trd ration of 5Qi) grams dry lucerne hAY plus 300 grams 

of yellow crushed maize daily.. 1}Uring this J>F:r•iod t7h1oh 

las ted 14 dayR, lmcter!.el oounte ?rere '-lade t:o ~.~oerta1n 

the density or the bacterial population uno~r ortimal 

oon~~t10ne/ •••••••••• 
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Sheep 

2 

I 

4 

6 

Perio~ 

l 

2 

3 

4 

Period 
" 
" 
" 
" 

TABLE 21: lU'fRffiD lrl1'rA130LlSM STUDIES OJ FIVE .ADUilr FISTULA SHF1TI:P. RESULTS EXPRESSED OB DAILY B A.SIS. --
---·-- -·-···--· -------

No. Ration Length Food con.- Nitro§tm Intake. .Nitrogen cu.t;;ut • Nitrogen Balance. 
of SWll6d. In s~sar In supple- J.n laeoea In urine 
.Ptt.t·iod. rat1or1. ment. 

_.__..,... ... -----Daye. gm. gql .• gm. gm. gm. ... 
Low Nitrogen 8 oOO 1.92 l,.oo 1;.21 - .79 
Urea 10 480 1.36 2.3.:.. 1.60 l.oa + .41 

- ·------ ----- .- - ._._... __ ,_ ,... ____ -- --..- ------------ .....,._._.......... 

Low 1f it rogen 8 600 1.92 :r26 2.07 - 1.41 
Urea 10 470 1.32 2.33 1.38 2.01 .. .26 

Low !U trogen 8 600 2.34 - 1.70 1.7'1 - l.o6 
Urea 10 '160 2.66 2.Z3 1.64 l.f2 .. 1.83 

Low :J1trogen 8 620 2.77 1.85 2.87 - 1.95 
Urea. 10 f>40 2.47 3,..03 1.23 2.19 + l.Z9 

----
Low lfitrogen 8 aoo 2.84 1.86 1.70 - .72 
Uree. 10 720 2.47 e.;.,~ 1.18 e.cl .. 1.61 

!ABLE 22: AVERAGE BACTERIAL CO\JJ.VTS PER co. OF.'RUllll!N INGESTA IN NITROOI~ UT.AEO:LIS~ STUDIES. 

Shee.P No. 2 Sheeo Ro. 3 S£1 ettp l'i o. 4 s:r:-.~ep Mo. 

1891 1638 1902 1933 

613 :>86 613 629 

1256 1088 aaz 1100 

1711 1281 1118 1633 

2091 1880 1702 1811 

l - standard ration of lucerne hay and crushed te1low maize. 
2 - Nitrogen low ration. 
3 - Nitrogen low plus 6 em• ureo. 

:> 

4 - Iitrogen low plus 2.5 gm. urea plus 14.1 ga. white fish meal. 
o - Nitrogen low plus 28.2 gm. white fish meal. 

Sh ee_p No. 6 Ave1·age tor ~ shee»· 

1808 18'7( 

G£0 612 

1063 1066 

1244. l3'1'i 

1891. 1875 

·-------- .. -~..,.,... 
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eond1t1ons. On completion of the observations the animals 

wore transferred to metabolism orates and nut on to a 

nitragen low diet (Hatton lio. 10). Oolleotious of feeoes 

and urine oorr..meneed iO.fter a l_)re-p~riod ot 12 days at which 

st~ge the animals verc consid~~d not ~o be in nltrog~n 

equilibrium. Dur·1ng thi£ N-low yeriod, whioh was continued 

for ei~t days, bacterial count~ were made daily. From the 

ninth faJ on, 6 grams uNa. wae administered into the ru..'lten 

of each aheep througn the fistula. Feeding, counts ~nd. 

collections were continued a1 before, tor a further period 

ot ten dfl,fll.,. 

W1 th a new to gaining more information on the 

eb111tJ ~f urea to st~nulate bacterial multinlicat1on, the 

urea period was followed by two further periods. In the 

t1rat, the n1 trogsn of half the urea ''as repl&eeet by s.n 

equivalent amount of white fish ~eal calculate~ in terms of 

nitrogen. In the following period there was complete 

substitution of urea nitrogen bf white t1sh meal nitrogen. 

During theae periOds bacteria were oounted but excreta not 

collected. 

( 11) H.eaul ts of the supolementa.tion ot nitrogen low rations 

w1 th urea. 

The results obtained from the various su~nlement­

at1ona are summarised 1n fables 21 and 22. 

In the n1 trogen metabolism eXperiment 1 t will be 

noted that none ot the five sheep were 1n nitrogen equilibrium 

on the nitrogen low ration. By sunplementing the tte.tion 

with 5 g~ms urea the dally nitrogen intake wa• increased by 

2. 33 grams, w1 th the result that a complete pos1 t1 ve 

ni tr.ogen balance wu created. From theee results 1 t appears 

thttt the sheep utilised urea n1 trogen to replenish the da117 

unavoidable n1tro~noue losse8 associated With maintenance. 

!b.e /. • • •.•• • •• 
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The rumins.l bacteria, as is shown clearly in 

Table 22, increased in number from 612 million per co. to 

1068 million per oc., representing an increase of 65 ne~ cent. 

On the substitution of 2.5 grams of urea with 14.1 

grams of white fish meal, a further increase in ruminal 

bacteria occurred, viz. from 1068 million to.l377, r.nieh is 

an increase of 28 per cent. Complete substitution of urea 

by White fish meal resulted in a merked bacterial 

proliferation. From 1377 million the count rose to 1875 

per co. The bacterial population therefore increased from 

612 million per co. on a nitrogen low diet to 1875 on 

supplementing this diet with an amount of white fish meal 

having the same nitrogen value as 5 gram of urea. This is 

equivalent to the bacterial population on the standard ration 

ot lucerne and yellow maize, and renresents a bacterial 

increase ot 206 per cent. 'lbe increase produced by urea was 

55 per oent. This meane that bacterial nitrogen, apart from 

any other micro-organic nitrogen that may have been formed 

at the same time, was increased bW at least 65 per cent on 

supplementing with 5 grams of urea. 

(iii) Discussion and Conclusions: 

Schwarz (1925) found that the nitrogen of bacteria 

accounted tor 11.7 per cent of the total nitrogen of the 

rumen in sheep on a :goor hay. diet ( 3-4 per cent protein). 

He calculated the weight of ruminal bacteria per 100 Kg. 

rumen content as 2.79 Kg., containing 4l'gm. of N. This 

corresponds to 256 gram of protein (N x 6.25). For every 

l Kg. of rumen ingesta a sheep on a poor hay diet therefore 

has 2.55 gram of bacterial protein in its rumen. It the 

bacterial population is increased by 55 per cent when 

aup~lementing the ration with 5 grams of urea, the bacterial 

protein in the rumen would corresnondingly be augmented by 

65 per cent/ ••••••• 
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65 per cent. Thus., the rulJlen would then ha.ve 4.19 grP.'l'lS of 

bacterial protein ~er Kg. of ingesta. Assuming that the 

rumen contained 4 Kg. ingesta, its be.cterisl protein would 

be increased on urea feeding froM 10.24 gram to 16.76 gram. 

In addition to this protein, t~e animal receives from its 

hay from 11.9 to 17.5 grams of nrotein (vide T~ble 21) 

daily, bringing the total nrotein in the ru~en to between 

28.6 and 33.2 grams. 

According to Voelt! (loa. cit.), 90 per cent of 

the bacterial protein can be utilise"·• thus of the 16.76 grams 

the sheep would utilise 15 grams. or the noor hay 50 ~er 

cent is utilised (Smuts, 1940), therefore actually 6-8.7 grams 

of protein. The total protein util1eed by a 4~ Kg. sheep 

would accordingly amount to 21.8-23.8 grams. 

The minimum protein requireMents or a msture sheep 

being 410 mgm. per Kg. of body weight (Klein, Schmidt, Studt 

and llilUller, 1939) a sheen of 45 Kg. would requ:tre 18.45 

grams of protein daily. The bacterial and food ~rote1n 

amounting to 21.8-23.8 grams daily would, th~~fore, kee~ a 

45 Kg. sheep in positive nitrogen balance. T.his is borne 

out by the results recorded in table 21, and has also been 

confirmed by Harris and Mitchell (1941). ~ithout su~~le-

mentation by urea, the utilisab1e bacterial and food nrotein 

in the rumen amounts to 15.2-17.9 gra!!ls dP.1ly, 'rhich is 

insufficient for maintenance and produces a negative nitrogen 

balance. 

Under the conditions inveetigated there ie therefore 

no doubt that the feeding of urea resu1 ts in inoree.s9d 

bacter1u protein in sufficient amounts to maintain mnture 

sheep in nitrogen equilibrium, provided sufficient en~rgy 

is available in the ration in the form of eta.rch or sugar. 

I v. SUMMARY I ......... . 
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IV • SUMJ:.ARY. 

Rumins.l Infusoria: 

1. A technique is deecri bed for the preservation e.nd 

oounting or rum1ne.l infusoria. 

2. P.eP..otions of apeo1f1c 1n:fl.:aor1a as well &B total infusorial 

papul~t1ons to Chanees in the diet or stable fed sheep . 
are deslr1bed. 

3. ·seasonal fluctuations in ~~inal infusoria of sheen on 

pasture are recorded. The nutritive value of the pasture 

was shown to have a Bignit1cant influence on the density 

of the infusorial po~ulation. The number of infusoria 

decreases al~ost vronort1onately to tbe decline 1n 

:r.>rotein content and d1geet1bili ty of cley matter. 

4. Data are ~resented com~Hlr1ng the dens1 ty and ty'.)8til ot 

infusoria in ehee~ on pasture and different anec1e1 of 

antelones under natural oonditionA. It \VSB round that 

bromJing antel01:1eR (X:unu, !"uiker, Im::')Etla), h?rboured more 

than :five times the number of infusoria. counted in 

gra~ing antelOpes (Wildebeest, Sassaby, Sable etc.). 

'!'he number of infusoria. ~resent in the rumen of sheep on 

pe.sture was oomnarable to that in the antelopes w1 th 

g:re.z1ng hab1 ts. The average numbers per cubic millimetre. 

being reaneetively 278 F.nd 313. The ~enue Entodinium waa 

commonly seen both in sheep and in antelo9es, and wa• 

1nvll!riably the dom1n9.nt organism 1n am:r.als on diets 

rioh in -protein ana. e•.rbohydr~.tee. The genus Diolodinlum, 

on the other hand, occurred with greater regularity in 

sheep, whereas the genus Eu1d1~ ooourre~ ~ore fre­

quently in antelones, althougn it wa1 also ryresent in 

shee"l. 

5. The digestion or mai!e starch within an infueorium 1s 

described. The bro~n glycogen-like granules formed 

w1 thin/ •••••••••• 
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within the toodsack and plasma of the 1ntusor1um have 

been flhown to be glycogen-synthesising bacteria and not 

actual glzcoi!n-granules synthesised bz the 1ntusor1um 

aa hitherto accepted. This 1~ortant function previously 

assigned to the infusoria, is in reality performed bf 

bacteria which normally may be 1nge£ted by the infusoria. 

Consequently, the infusoria can no longer be regarded ae 

playing an important rele in the synthesis ot glycogen 

in the rumen. 

6. '!he rate of digestion of starch within the rumen was 

shown to be the aame whether infusoria were present or 

not. It 1e conolud.ed thel1eto:re, that infusoria do not 

accelerate the rate or digestion or starch in the r1.1men. 

7. It oould not be proved that 1n~usor1a assist 1n the 

d1~stion of cellulose within the rumen. It is eurml•ed 

that tho digestion ot cellulose w1 thin the intusor1um 

ocours 1n linea similar to thoae described for atarch, 

namely, by the agency of cellulose d1geRting bB.cter1a 

wh1oh may norm~lly be ingested by the infusoria or 

whica are adherent to the cellulose ?articles· when theee 

are ing~• ted. 

Ruminal bacteria. 

a. A technique for the counting of ruminal bacteria 1e 

described. 

9. A diet defioien.t in n1 trogen 1nhib1 ts proliferation ot 

th~ rum1nal flora t~ a marked degree. 

10. An exoeaa of nitrogen in the diet, in th~ form of meat 

meal, proved h&rm:t~Al not only to the ruminal flora but 

Blso to the host animal. 

ll. Further a deficiency or an excess of starch has an 

inhibitory influence on baoter1al prol1~erat1on. 

12. / ••••••.••• 
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12. OptiMal conditions for bacterial growth 1n the rumen 

are created When tne animal recoivee a balanced ration. 

13. The low oyt~~t1ne content ~r lucerne hay lim1 ts bacterial 

mul t1plicat1on in the rumen of sheep subsisting on 

luoerne haT only. 

14. The effect or bone meal feeding (10 grams daily) on the 

rumen tlore, it~~ to provide an increased amount of 

easily digestible bacteri&l protein to the extent of 

2.55 grams per day. Whether this 1a of significance 

to the animal in such srJall amounts is doubtful. 

!actertal digestion and synthesis of starch. 

15. !ne only d1-etaees ~resent in the rumen seem to bl 

those secreted b,y ruminal bacteria, which would then 

be ~~pons1ble tor the entire s~&rCh d1s1ntegr&t1on 

eeen there. 

16. In the rumen of ~heep receiving a regul~ supply of 

starch in the diet, the bacteri&l disintegration of 

ata.rch rrartules eoftl~f!nctd after 5 houre and. ·was complet­

ed Yith1n 18-20 houre. In the ease or sheep not 

receiving starch. in the ~let, disintegration ot the 

atareh ldm1ntetered through the fistula commenced after 

7 houre and took 8-10 hours longer to complete. 

17. Starch granule~ of the Yar1ous cereals differ in size 

and sha~e. The diameter ot Rtarch granules influences 

their rate of disintegration within the rumen. 

18. Some oftthe products ot starch degradat1~n are resyn­

thea1aed into glycogen and starch-like po1yeaochar1des 

w1 thin certain rum1nal bF.cter1a and pseudo-yea.ats. 

19. !he iodophilic miero-organi!ms encountered in the 

rumen and associate~ with the disintegration and 

digestion of starch, are described .• 

2e. / •......... 

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

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



116. 

20.- A-n iodophiltc etr~ntococeus clottely ser,ocj.ated ?1. th 

the ~1einteg~.ti.~n of sterch -,rae 1eolatert in nure 

cu1tu.:re and some or 1 ts chana.cter1!!t1ce de~cri bed. 

<.:ellulo~e o1g~at1on 1n_ t.h£_~"!!!!· 

21. ~o (11i.;e~t1bjli ty of celluloFe 1n M!"'tur.e veJ.d bay 

contfl.:tn1ng 3. 0 p€r c-ent ~-T'Ot!'in ,.,~.e not i"ry""rove~ by 

nitrop:~n a.nrJ. et~.rch eurml~ment~.t1onA, ~vP.n thouP.tl there 

yrus a si~nif:tca.nt 1nozoeese in the nu1Til:x r or rum1nal 

baote:r1a. 

22. T11e coeffici~nt of ~-1get.:~tit,i1i ty of oell,llose oeore8-aed 

~1th 1ncreasin~ emount~ of gtaroh in the diet. 

23. T'ae e.tr.ount of stE.roh or suf!er "t'reeent in the ~if!!t 

influences t:he util1~t.tion of it~ n1 tror.:en b7 the animal. 

On E! t'Uet low in ste.rch the n1 trogen "~~"&!! '00orly 

utilised. However, this i'TlproveCI nl'C'I,..,ort1 ')ne tely to 

the incree.ee of st~rch (en~rfy) in thE' re.tion. 

24_ UneE!r opt1M~l conCfi t.i on! for cellulose ~1 res t1on, only 

62.1 ner cent or tha cellulof'e !'resent in the d.1et was 

digested.. "bie incomplete digeet1on ie "-e-ren~ant upon 

the ~egret? of 11gn1ficet.1on or the plant. Tbe mature 

veld hay used in these e~erimente showe~. that 

l1gn1ficat1on WP.r well s~nnced. 

The noss1b1l!.!Z_Of_9YStine_~Y."nth.e!'1P t~ th~~~-_!nd it! 

relE .. tionahip to n1 tror;en metaboJ!_~. 

25. Mf'te.boli~"' e7}'eril'l1ents 1n ~h1ch rumen 1n~este. collected 

from sheep kept on e. diet of lucerne hay only, was 

subsenuently fec'f to "hi te re.te, sho-,red that the 

biologiool value of this n~t.terial wRe df'fj.ni tely higher 

(by 15 ner oent) the.n thqt. of. untreated lucerne 

~1"1ilE'.rlp ted to Y.Jt11 te re.te. Moreov~Sr, the e~~1 t1on 

of cyPtine to rumen inresta waueed further enhe.nce~nt 

of 1 ts biological value to the extent of 13 '!"er cent. 

2a. 1 .. ....... . 
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26. In the case of ~rowint;, she:eo, the supo1ementa.t1on of 

1uct:rhe oy cystine increased 1 ts biological value by 

10 :per o•nt, wi'.1Etreas in !!!u1 t animals, Brnuts and. I!Ars.is 

1n their resea1·~1es, failed to proetuce e..ey such 1rr.prO\"'€;-

ment. 

t:.?~ •rne experi&Momts conducted· ·~.:;oth on rz..te ani!. ehebp afford 

no evidence of a cyat1ne synthesiE by th~ m1oroflora 

of the rumen. 

28. Aa far as protein metabolism ia concerned, the ~le of 

the rum1na1 microflora apoears to be nrimcrily that of 

aas1m1lat1on of pl .. oteins and other ni trof>t-:U.:>us compounds, . 

which are built up into tho protopl&e:m of these organ111MS. 

Such oacteriel. urott:tin being .t•endere<l avr.:ilaole for 

digestion and asai•n.llat1on by the host. 

29. Th.-. effeut of urea, adm~xcd w1ih rumirw.l ingeBta 1s 

apparentlJ twofold: 

firstly, it supplies the micro~orgarue~a with a 

form of ni trogeu whioh c&.n be tra.cLafoMlt-d oy th~ru into 

bacterial protein. ~his protein is then utilieable by 

Secondly, urea, when hyt.i.rolysed into rm3 ami co2 , 

prooaoly contributes to the production of arnm~nlum 

caroonate and amrranium bioarbonste in ~l& prea~noe of 

an adequate &.iD.ount or sugar ·or s te.roh ln the rumen. 

~he cu2 der1vud from the urea has, on calculation, 

been found to be 1nsuff1oient for this ourpose • 
. 

;)0. 1h.e feeding ot' urea to "heep, ree~Alts 1n increased 

b&.oterial pt·ote:.in 1n su.fficiant amount9 to maintain 

mature sheep in n1 trogen E:quili brium, PT?V:.tdeq. sui"fioient 

ent~rgy 1s available in tbE:; ration ln the form ot s·ta.rch 

and &llgar. Ap&rt trow the provision of co2 by these 

oarbohyor& tee/ •••••••• 
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carbohydrates, they~l•o supuly the •icro-organisms 

H th the energy required f'or their metaboliam and 

prolitera tion. 

V. DISCUSSION AND CONCLUSIONS: 

THE SIGNIFICANCE OF THE RU~NAL FAUNA AND FLORA TO 

THE NUTRITION AND H~~LTH OF THE ANIMA.L. 

In evaluating the significance of the ruminal 

micro-organisms in ruminant digestion, a~eoial attention 
• 

was given throughout this study to the ability ot the ruminal 

fauna and flora either to dilintegrate or synthesise food 
. 

substances within the torestomachs. The information gained 

from this investigation aa well as the results obtain~d by 

other workers in this field will ba considered in the 

following discussion in an attempt to elucidate and 

co-ordinate some of the functions of the ruminal micro-

organisms. 

(1) RUMINAL FAUNA. 

The ruminal fauna is comnol!led ohieny of infusoria 

and amoeba. As the latter organisms do not occur in signifi­

cant numbers, only the presence of the infusoria will be 

considered as an index of the r&le played b.r the microfauna 

in the rumen. 

With regard to the digestion of cellulose and fats, 

Mangold (1927) and Hennenberg (1926) have shown that these 

substances are d1~sted by be.cteria within the foodsaok of 

the intusoriu•• These bacteria are normally ingested b,y 

infusoria. Moreover, the author could not demonstrate 

appreciable d~gel!ltion of cellulose by infusoria in an 

experiment in which the degree of cellulose digestion in 

sheep harbouring a normal 1ntueorial nonulation wae comryared 

w1 th/ •••••••••• 
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with the degree of digestion in the same e!leen free ot 

infusoria. It is reasonable, therefore, to conclude that 

infusoria do not significantly influence the dipestion of 

cellulose within the rumen. Cleveland (1924) has shown that 

the protozoon Retieulotermes flavipes, which is a normal 

inhabitant of the intestinal tract of the termite, does 

possess the ability to digest cellulose. ~lis has to be 

considered, however, as a rare exee~tion of an individual 

s~eoies of protozoon, endowed with this apec1aliaed function. 

Trier, Westphal and Mangold (~oo. oit.) advanced 

the view that infusoria were able to aynthea1ae glycogen 

_from atarch ingested by them. It was, however, shown in 

this study that bacteria, normally ingested by the infusoria, 

were responsible tor the digestion of starCh and eyntheail 

of glycogen within the 1ntu~oria, ae 11 the ease with oellu­

loae and fats. These organisms could, therefore, be 

regarded only as hosts in which atarch, cellulose and fats 

are digested by bacteria. 

Ferber (1925, 1929) held that these organisms 

served to convert plant proteins into more easily digestible 

animal proteins in the form ot infusorial ~roto~lasm. The 

amount of protein the ruminant could derive in this way is 

however insignificant and could not favourably influence the 

nitrogen balance of the animal. 

Due to their amazing activity, ruminal infusoria 

dissipate a large supply of energy, and oonsequentlr require 

a larg~r calorific intake, thereby tending to elevate the 

temperature of the ruminal maas. The nhysical effect of 

the rapid mechanical movements of these organisms as well as 

the possible synthesis of vitamins and am1no-&oids, still 

needs investigation. !bese functions, however, do not 

appear to be of vital importance to the ruminant, as sheep 

kept/ ••.••••••• 
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kept tree of infusoria tor severel months suffered no ill 

effects. 

From the reaulta of this study it may therefore 

reasonably be concluded that the rurntnal infusoria are of 

no vi tal a1gnif1canoe to digestion in the ruminant.· 'Yhis 

view confirms the oonolueiosn dra~n by 6oheunert and 

Schieblioh, Becker, Schulz and Emmerson~ and West,hal. 

( 2) RU»U NAL FLORA. 

Physical disintegration, either by grinding or 

ohew1ng, ie an aot which usually orecedes chemtoal cligeetion. 

In the ruminant food is only partly broken down before 

swallowing, but is subsequently :regurg1 tated to be 

~horougbly masticated during rumination. This ~rooess 

reducea the coarse material to a certain d.egree of fineneea, 

leaving bruised and frayed edges in the plant material, 

which results in an increased surface exposed t~ b9.oter1al 

aotion. This augments and accelerates the rate ot bacterial 

d1•integration (Woodman and Stewart, 1928, Meyer, 1927). 

Once the cellulose digesting baottr1a have entered the 

bruiaed aurfaoe or edge ot a cellulose particle, disinte­

gration can be tollov~d m1croacopically, sten by steu, until 

the cellulose particle loses ita 8truoture (Meyer, loc. cit., 

Baker and lllartin, 1938). Although the nature ot the 

breakdown products derived from cellulose has not as yet 

been tully established, the fact nevertheless remains that 

the digestion of cellulose as well as that of all other 

fibr.ous matet>ials il determined solely by the l)t"esence ot 

speoif1o oellu.lcelastio m1cro-orgs.nieme w1 thin the fore­

stomach• of ruminants, 8eeing that the essential cellulase 

is not aeoreted in any part of the digestive tre.ot ot the 

host animal (Dukes, 1937). ~oreover, the reeults of the 

present investigation show that (1) the maintenance of the 

ruminal/ •••....••• 
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rum1nal flora at a high level is essential to promote 

maximal utilisation of celluiose by the ruminant. This 

required density of the flora can be maintained by fee~ing 

the animal on a balenoed ration. (2) The bacterial ~oou-

lation in the rumen increased trt as much a~ 74 ner cent 

follo~ing the eupnlementetion of extra protein to a basic 

diet consistinp: ma.inly of cellulose and stFrch, but other­

wise low in available nitrogen. This significant increase in 

the bacteriE>l 'OO!)Uletion wP.s in turn associated '·'i th s.n 

improV!ement in o~llulose digestion to the extent or 21 per 

cent. On the other hsnd again, it ~se found that a oiet 

which was rich in sugar or starch brought about a decrease 

in cellulose digestion, due probably to the fact that the 

mioro-organieme diverted their attention from the cellulose 

to the more easily digestible carbohydrates. Hence, care 

should be exercised with the amount of soluble carbohydrates 

incornorated in a diet if maximal utilisation of cellulose 

is required. Furthermot'e, it was found that w1 th a 

deficiency of starch (energy) in the diet, the aYailable 

nitrogen is not fully utilised by the ruminant. Accor~ingly, 

the diet of animals on energy deficiency should be sunnle­

mented nth e.dequate amounts of starch, or otlier easily 

digestible carbohydrates, e.g. molaspee. Sheen on nasture . -

during our winter months suffer from an energy as well as a 

nitrogen deficiency, consequently such ani~~s ehould 

receive supplements of starch and protein, the feed indicated 

being yellow m&ize. 

Lignification 1s another factor Which has been 

shown to impede the ~ib~stion of cellulose contained in 

mature veld hay, even to the extent of 38 ner cent. Hay 

should, therefore, be cut before lignification has become 

advanoed. Louw (1938) has shown the.t it" veld hay 1• out 

during the flowering •tage its nutritional value is high, 

the I ......... . 
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the degree or lignification at this stage being small. 

Apart from the chemical digestion of cellulose by 

speo1f1o bacteria, the orooese of physical disintegration 

associated with thia digestion 11 of ~aramount irnuortanoe, 

in that it renders aoceasible and assimilable such vitally 

1u1portant nutriments as protein, sugars and minerals, which 

otherwise are looked uu by cellulosic walls. During the 

process of disintegr~tion the fragments of food particles 

become hydrated and softened in the rumen after which they 

are allov;ed to paae through to the abomasum and intestines. 

Due to the delicate nature1 of the abomasal and intestinal 

mucosa, in contrast to the horny lining of the foresto~achs, 

th1a preliminary softening and mace~ation of the foodmass 

before leaving the rumen and reticulum aids in the nrotection 

of the digestive tract against excessive mechanical 

irritation. Consequently the food mass leaves the fore­

stomachs as a fine watery colloidal susnension oomnosed of 

the smallest food particles together with large numbers of 

micro-organiems. With the repeated onward passage of 

ingesta from the rumen, accommodation is made available for 

further amounts of food freshly consumed by the animal. 

In addition to the disintegration and ~1gestion 

of cellulose, the degradation ot starch by micro-organisms 

has been shown above to occur in the rumen. As the endosperm 

of some cereals contains a maltase (Daish, 1916), it is 

possible that this •nzyme assists in the later stages of 

starch hydrolysis within the rumen. The ruminant saliva 

does not influence starch digestion as it contains no etaroh 

s~litting enzymes, nor are such enzymes secreted fr~m tisAua 

cells in the torestomachs. This deficiency is, however, 

com~ensated for b.Y ruminal flora which also attacks and 

splits starch granules, the process being completed wi~~in 

6t to 18 hours. This is an advantage gained, esnecially 

bJ I ... ...... . 
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by Ata.l.l fed ~n1mals receiving a diet rich 1n unnre,a.red 

r•w starch, the digestion of ,-"rhich V'Ould be defin1 tely 

delayed due to the absence of any e~livary amylase. Unless 

partial disintegration of starch took T)l~ce in the fore-

a tornachs, the d1gest1'>n of this material would. be denen<1.ent 

entirely upon the action of amylase preeent 1n the small 

intestine, in which oaee the w.hole process becomAs unduly 

delayed. ~hereas carbohydrates after digestion are normally 

ab~orbed as mono-saccharides, chiefly in the forn of' glucose, 

the 1ntet'vent1on of bacterisl action in the :rorestO"nflchs 

results in the elaboration of various organic acios suCh as 

lactic, acetic end oropionic acids, which tnemeelves are 

availeLle for e.bsorption by the 9.nimal. Part of the carbo­

hyf1.rate on the other hann, mey be transformed into other 

intracellular polysaccharides such as glycogen, which, ~fter 

the downward passage of the organisms also becomes available 

for ae~imilation. 

An important group of chemical substances 

synthesised by the ruminal flora is the vitamin B comnlex. 

Thus, ~Elroy and Goes (loc. cit.) and Wegner et al (1940) 

have shown that theAe organisms can synthesise this Vitamin 

complex even on a tUet d.efioient in it. The significance of' 

this function is not as ye~ fUlly realised. Ruminants a~ 

frequently dependant upon vi temin B deficient die.ts during 

our winter months when the vitamin B content of the n~Ature 

declines {Hunt, ~eoord and Bethke, 1936). As a result of 

thie tunc~ion of the t-uminsl fio'f"fl, avita'"ninosig .a is a. 

relatively unknown disease in ru~1nants as oomna~ed to such 

dieAases as Polyneuritis 1n birds (nobberstein and ijaunt), 

(1927), "Black tongue", in doga Ol" dop.: pellagra (';heeler and 

Sebrell, 1933), neurosis anfl at~xia in hornes (Carlstr~m et 

al, 1939). 
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Apart from the synthesis of vitamins, it has been 

ahown in the nreeent invee tige.tion that runinal micro­

~~g~nieMs are caryable of utilising a non-nrotein-nitro~n 

e.g. urea, ~t leest to !O~e e~tent, for t.he ~ur.noge of 

buildinr- th~ir own cellula!" nrnteins ~-,hich in turn ~ re at 

the r1.1eposel of the ho,t. Consec.uentl~ 1 t enables the 

ruminant to utilise such a we.s~e -orod.uct of body metabolism 

ae urea, which in the c~!!e of o't;her animals is yri thout any · 

nutritive Yalue. B,y virtue of its rumin~l flor?, and the 

protein-flparing effect which it disnla.yg 1 the ruminant animal 

can therefore be fed more economically then any other farm 

animals. This is of sneci~l 1mport~nce 1n view of the 

exnense Bnd relP..tive ecarci ty of proteins ava1le.ble in 

animal nutrition. 

The true significance of the rumin~l flora in 

anime.l heel th is 8. matter to be in vee tige.ter;:, still further, 

e•peoielly on account of the V-ide fluctuetion~ in the 

nutritional value of the diet to which th~ ru~inent animal 

may per1od1o8lly be subjected. Thus 1t ~aP. found tbat ?bile 

the ruminRl flora was mainteined at a high level of 1944 

million ner oc. in sheep on goo~ summe-r -oseture, the bacterial 

count consistantly declined to 1067 million ~en the 

nutritive value of the uasture (consumed ad lib,) increased 

owing to frost~. Should the oonsum?t1on decline, ho~ver, 

as is the case during malnutr1 tion, the nu'll~r of ruilinal 

micro-organisms decreases still further to a very low level. 

Ruminal paresis and ultimately complete cessation of 

ruc1nat1on are conditions often as&ociated with debility, 

which is probably aggrayate~ by the accom~nnying low 

bacterial flora. 

Moreover, 1 t has frequently been observed in t...he 

course of thia etud1 that sudden unfevourable changee in 
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diet or ~ne anmin1qtration of such poisonous sub~taneee ae 

copper ~ul~h&te, rapidly alters t~e nature or the 1n~sta, 

1mr,>artin~~ to 1 t s darter colour and &. musty odour. At the 

alltme time the tv.:t-Jterial count drone; from c?. 1900 to ca. 500 

millicm ~)e.r cc. tll.nd all '31gne of fer•11.entat1on ann gas 11)ro-

duotion dissnnear. Thus the eudclen intoYication of the 

ruminr.l micro-org&nismP, or ret1.uction 1.n the nutri t'l. ve VE".lue 

of the ingest&., norm~lly forming the substrste fOl"' the 

rumin-;.1 flor~., ie repuonsi 1ne for the death of vast 'lumbers 

of orga.niflfms. 

This 1s also attended OJ a com-plete change in the 

comnosi tion of the flora aseoolated to soHto extent "'ri th pro-

gressively increased anaerobic conditions within tne fore­

stomachs. 'l'he above conditions m9.J favour toxin production 
. 

in the digestive tract with ~1e result that liver function, 

v;hioh iS slreatJ.y influenced bJ deficient glycogen sun:oliel!l, 

1s li~ole to varying ~.agrees of derangement. There are 

1n~ications that it is under these conditions that such 

111 defined me tabol1c d.1s turbanoes as Domaiekte and 

~nz.ootio Io~er~!.._ make their appearance. In the absence of 

critical exneriments in this connection, it can only be 

assumed that the aetiology ano patnog~neais of these 

conditions mey be associated ~th so~• such dieturbsncee in 

the forestomachs. FUrther investigations are essential, 

especially 1n re~a~ to the behaviour of the rumina.l nora 

under abnorm&l conditions. 

i:ly com"f'l&ring the function of tne ruminal fauna 
. 

and flora, an attempt has· been made to elucidate their 

reletive importance in ruminant dijil,'estion, 3nd it has been 

shown that: 

(a) ~he infusoria ~1ch n1tnerto had been credited with 

the digestion of sta.rcn and synti:lesis of' glycoven, in 

re~li ty .Play a very minor r3le in this respect. 

kangold-' s I . ........ . 
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lw..ngold.' s a.!BUII11'ltion that infusoria themeel ve1 did. not 

directly dige~t cellulose but merely ingested cellulose 

snl1 tting oacteria, is also confirmed by mec"n.E' of 

cheJY;icel determ1m~ti(Hl9. 'lbe amo\mt of nrotein the 

rl.4lllin~nt could aeri ve Lta.ily from infuf:1orifll uroto'l:)lasm 

hRe teen shorn to ue insignificant. 

(b) 'l:be part ·llayed. o~ bacteria. on t.ne other hand seema very 

much more i.nporte.nt in that they are cana'llle of euch 

'flidely different functions, AB for instance, the trans­

tome. tion of non-prote1n-n1 trogen, e. g. urea, into 

Ui.)logically more veluable uroteine; th& dieintegratipn 

ot ste.rch and oellulose'ana. th.;: synthesis of glycogen 

and other p.>lysE..ccha.ridea. 

rro:n the reaul ts of the present study and of other 

VJorkera in this fiel~, the fr-et seems fairly "'ell established 

that ::.n 1n tl.ma te forrn of sym·~ioais exists between the ruminant 

E.nc1 1 te rumin-cl florE"• 'l'hel"b is vel'Y 11 ttle doubt that this 

symbiosis, is 1n fc-.ct, the most important feature ~:nich 

deternines the ab111 ty of the .~uminant to feefl on and 

utilise a very much greate:r proport1or1 of the lower, more 

&bunr3ant snd t.l'le ref ore cheaner type a of foo~, neme ly, 

celluloE'le cor:Ipounds. Aaorc o\er, 1 t eu~bles the z·un11nant to 

build up ase.im~l&ble protein£ from non-~roteln-ni trop.;enoua 

p,u.bstE.nces .such as Ul'ea, anCJ also to synthesise for itself 

the 1ndiP.pens1ble vitamin-B .com~lex. 

~·hie fund&ment&l nh.Ysiological adantat1on o:f' the 

di gee ti ve tract tJ.es unfortun.:· tlilly, not recei ve.d f'ull consi­

o.era t1on in the economic fee. flint of our stock. It is, 

therefore honet:., tiu:~t this work will at least eerve to focus 

the attention of nutri tivHista to the imnorte.nce of ""Umins.l 

biology end phJsiology in rum.l.nE.nt nu tr1 tion, a.r1d that the 

practic~l ~~n~1cst1on of the pre~ent knowledge, althou~ 

a till 1noor.,ple tt:, ~ill go a lonr; way in sol v1n~ '='orne of our 

nutritional problems. 
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