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lN'l'lWJJU C.:TIOS. 

A lo\v-p<..nver Jni(;roscopic exa1niuutio n. of tuJnen ingesta reveals that 
iu±u::;oria are t he mo:;t <.:on:;pinwn::; mgani;-;ms. A lliOl'e detailed examination, 
howeYer , also ~ h o\\·:; th<· pre~ence of largp umuben; of Hon-pathogenie 
lmcte1·ia, yeasts, hwgi and spirochaetes, co!lstitutiug the Jnicrofiora of the 
rumen. 'l'he paunch an<l the large illiPstines ·of herbiYore;-; are large 
stornge organs in IYhieh minu-organisnt s <lige::;t ePllulosie stl·udure::; alld 
make antilable to t he hoHt a11imal JH'eYiou;-;ly encrustated fooJ materials 
s udt aH pectins, JHOtPins aml c·<.nho lty<lrates ()I eyer, \ 7\T. , 1927) . 1\Ieyer h as 
sho\Yll that in this pnJ<·<•s,.; t lte cell ut.eJnhran<':> first lw!'ollle :;wollen, then 
t ht•y appear lightPr in col u11r <.wrl IYii h JHOf .. !.'l.'<'i"lHil·e digeRtion the cellulose 
lamelbc bet"ollle turn , caYitie;; aTe funn c<l and tlisintPg-ration sets in. The 
h:wLeria are ,.;een s mTounding the t"elLi a n<l later p<'nf'irating into tlu• 
i ntt'l ior whe1·e t h e dige;;t ive pToees:-; it:> <·outiuueJ. Baker aud Martin 
(1.9;17 -1909) a bu in vestiga terl the di:-;in tegra tion of cell- \\'all su bstaneeH in 
the gasho-inte:>i.iual tract of hPrhivora . AecorCling to t hem di sintegrat ion 
is E'virlence<l h~- the fmmation of dearly rlefilted zones of cro:;ion with 
l ·ha n ges in 111 inod1 e1n ical an<l staining- readions a::;soeiatcd with miPell:n 
rli soTg-mti:;ation. C'ellulor-;e., he lllieellulo,;es anCl pectic· substances are 
<lis:-;olverl while t"Utin and h eavily ligJtified shudmes entirely re~;ist attack . 
In the caef'Ulll of the guinea pig, the rabbit and the hor::;e as well as in thP 
rum en of t he. sheep, the prima1·y ag-Pnt;-; of this diHintegratiou \Ye1·e fom1d 
io lw iodophili t" mino-organiHltt s, g-ivi ng- :.t blue (amylodP"'hin) r eaction 
,,·iilt iolline. There is Y PT Y litilt- iufornt :.dion to be fo und in t lw litendure 
on the digestion iu t ltt' T\l;lll'll ol t h e l"<•Jtt:J i ning Jooll;-;tult:;, n:llltel_y prot ei11 , 
fats and ::;bm·h . 

Mangold and Schlll itt-Krah mer (1927) <leJnonstntted h ::wte1·ial <l ige:-;timt 
of fats in the rumen. FPrber (1928) ~;ho1r ed that iufuwrin, readily iugeste(l 
fat <hoplets, alUl that these fats were digested within the organism by 
bacteria. 

Baker an d Martin ( 193~~) ohseJTPd that in the caecum of t h e horse there 
" ·as a depoflition of poly::;arTharides in the indigenous micro-orgauisms. 
The indication is, therefOl'e , that these organisms had the ability to fonu 
starehlike polysaccharides '"ithin their OIYll bodies, from the surrounding 
m erlium containing cellnlo;;e ancl other e1tnustated fo·od materials, or their 
fprmentation products . 
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STUDIES ON TUB ALHiENT1UtY 'l'ltACT OF SHEEP IN SOUTH AFRICA. 

t)iuee no r!:'.searehe:; on bacterial digt-~::;tiou of o;bn:he::; in the run1eu are 
recorded, this ::;tudy " '"" \lll(lcTtakeu iu uu uttempt to elucidatP tiOJlle asped:; 
of this problclll. 

B.\UTBtUAL 1Jis.t:>TEGRATJON oF i-;T.Il1Cll GIL·Ii'\l j Lt·::-; \Vrnu!'> THE Ur~.tJ<~J\'. 

Bight fi::;tula slu~ep \\·ere placP(L 011 a whe,lt shaw di et without a11y 
chemically <letedahle starch. On this <liet the multipliea t ion of :;tan·h 
digesting baPteria in the rumen could be coubolled either hv the addition 
or the redudion of starches or sugars . 

'l'he sheep \YeTe abo freed hom infusoria by copper sulph ate admini
slration some \Yeeks before, so as to h ave all the stareh administered into 
the rumen available for undisturbed baPterial digestion only. 

Smears were made daily from rum en inge>,;ta , wit.hdrawu through the 
fistula, by adding a chop of Lugol':-; iodine to a drop of nuninal inge:-;ta 011 
a slide and coYeJ·ed hy cL <'O\'erslip . 'l'h Pse. Jll'eJl<ll'ation;.; \\'f'l'P tht>ll examinP<l 
for starch gntnUl<'S. \\'hen nO lllOl'(' g'l'<lll1dPH f'OU Jcl be i-:e<-'ll, 5 gTi:lll1R oi" 
maize starch wa;, a<lminiHtPre<l i11to i.ht· rumPn of each of fonT ,;hee.p <d " 
time. After thi:>, :,;mall c;amples (2 c .r· .) or rumen ing-esta \\'l:'l'e witluha\Yll 
hourly to follow up th e ]H"O<'e~s of th~integ-ratio11 of the ,;tarch granules. 
The preparation of smears Wets usually continued until the shnch was 
completely disintegrated. 

'l'he mode of attack and clisintegTation of the :>tarch granules is clearly 
illustrated in plate IV. Fig. 2 sho\YS a few slightly mauve cocci adjacent 
to the starch granule, one hour after administration of the starch into the 
rumen. Fig. a shows a staTeh granule with double the number of mauve 
cocci around it, photographed Olle hour latel'. Fig. 4, t:lke11 thrPe hours 
later, again shO\\'S au uucountalJlP nu111her of lllaUY<-'. 1ant1 dark nHtuYe 
organisms sunouncling t he :stan·h. granulP. Fig. 5, t.akP n :-;eve11 honrtl lateT 
illustrates another granule with al111ost a pure eulture of ioclophilie 
streptococci sunoundiug it. 'l'he typical disintegration of a starch gTa nu le 
is well illustrated. It is ex<·avfl.ted from tlw sid es allcl there ar<:• hadPria 
:filling· these craters emil enlarging them until the granule breaks up into 
fragments. Iu Fig. 6 the Temnantf; of snl'h a gTanule are seen after having· 
been in the. rumen for 24 hours. Only a mass of dark mauve an<l brown 
cocci is left. Some of t hese cocci are already losing their iodophilic 
reaction. 'l'luee or four hours later most of them will have beeome trans
lucent again unless fresh starch granu le.s 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 brought about by an iodophilic streptocoPcus usually prPsent 
in large. numbers. The disintegration followed a definite pat teTn . 

By incubating sterilisecl stan·h granules \Yith haderia-hee ruminal 
:fluid obtained both by centrifugation and :filtration (Zeitz filter and 
collodion membranes), dis integration of starch granules eoulcl not be 
pToduced. On the other hand, when incubated in a synthetic medium, 
similar to that used by vVoodman & Ste\Yart (1928) in their researches on 
cellulose digestion, with cultures of the iodophilic streptococcus isolated 
from the rumen, starch was attaeke.d as in the rumen, without noticeable 
evolution of gas. 
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Furthermore, disintegration of starch g-ranules was never observed in 
the rumen if the granules were not attacked by iodophilic bacteria, mainly 
;;treptococci. 

It seems, ther efore, t h at in the absence of diastatic enzymeR in the 
saliva of the sh eep , other cliastatic en zym es wer e eith er not p resen t, i n the 
nnninal fluid or ot herwise t oo dilutf' to h ave any per cept ible effect. 
Consequently th e onlv <liasb ,;es present in tht> rum Pn ~PPm to l H~ t hose 
seerded by rumin a! hade l"iu , ·which '""ou ld tlwn lJe respnnRibl e f.or the 
Pnt ire starf'h <li sintegmtion see11 ht>re. 

H .ITE oF DrsiNT E<auTION OF ~LnzE STARCH GR.IXCT.Es IK T HE R lDIE::\'" . 

'l1his is infiuen recl by the prest>nee tll th t> rum t>n of: -

(a) A developed iodophili c; flora. 
(b) An m1<leveloperl f!o1 a. 

(11 ) JJeve lo7;erl fl am . 

'fo promote th e developm en t of a starch digesting flora 100 gr ams of 
m aize starch was aclmin ist t>r t>d dailv for 10 days t hrough th e £stula tube 
of a sh eep on a h ay diet. A fter this the rumen was prepared for f;tareb 
digestion t rials lJy omittin g· t he a1h nin istration of star("h 48 h oms before 
r·ommeneement of the trial. ,\iter this perilHl th e J·um en had be(·om e hee 
of starch and the organism s ho.1d a ll lost their io(l oph ilic read.i011. U n der 
these circumstan ces t he rumen thus r·ontaill s a ri ch iodophilic flor a r eady 
t o attack any stan·h t hat may be :Hlminister t> rl. 

On the day of the t rial 100 grams of m aize starch " ·as introduced 
th rough th e fist ula of end1 of three sh eep , using cliffer e.nt sheep in 
subse([uen t tria ls. A :mmll Fample ('2-3 c.c .) of r umen eonten t was with
dr awn for microscopic examination at r egular intervals of 30 m inutes after 
administration of the stareh . Microscopic preparations \Yer e. m a<le as in 
the previous experiment. Thr procedure was contin ued until n either starch 
nor iodophilic organ isms could be seen in th e .prepanttions. 

The results wer e br iefly aR follows :-
(1) 

(2) 

(3) 

(4) 

(5) 

After 30 m inutes <1 few iodophilic streptoeocci " ·e.re present 
around most star f'h gr ains, some of th e organ isms staining light 
mauve whibt others we1·e still t ran slucen t. Pseudo-yt>asts [Fig-. 
5 (b) , P late 21 (lisp t> rse<l in the m e<lium, stained a pale greenish
yellow with L ugol 's tud tne 
After on e h our the n um be.r of organisms " ·ere notably inrreased 
and more of th em staining mauve. 
After 2 h ours most starch grains were completely surrounded 
by iodoph ilic streptococci . A typ e of large iodophilic strep
tococcus form ing r ath er long chains \Yas usually Yisible from 
this stage omYards. 

After 3 hours layers of iodophilic str~ptococci wer e packed 
a round practically all t he starch gram s with str eptococcal 
chains and groups of tetraf'occi [Fig. 3 (b), Plate 2] dispersed 
throughout the medium. 

After 5 hours diRin tegTation of starch granules commenced. 
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(6) After 6!! hom's disintegration of som e starch g-ranule.s " ·as 
completed and iorlophilic bacteria we1e <lispersed throughout the 
ruminal fiuid in large numbers [Plate 2, Fig-s. ;) (a), (h) and 
(c)]. Both p S<'1H1o-yeast;; aml the cigar-shaped h:J('illi (Fig- . 5 
(a)~ Plate 2] <'ommencecl to RllO\Y iodophili(' re:-td ion s at thic: 
Rtag-e. 

(7) AHer 18 honrs only re1nnanh; of sbrrh granules \YI~re present. 
'l'hese were surronnde.rl hy nwsses of shepto('occi, most of wh1ch 
harl become translurent }tgain. The io<1ophilic mi(']'o-orgrmi :"m :-; 
that \Yere liiRper sed i:lnoug-hont the ruminal finid \Yere ntr8 
because they had eomplctel~- m ebholise<l the polysa('(·h:ni<les 
Tesponsible for their previouR io<lophilie rPactions. 

(8) After 20 hours then• \Yere 11 eith er :;hnch 1esiclues nor iodophilit: 
reading- bacteria . Starch <1i silli<·g-ration \Yas, therefore, com-
pleted in hom ] 1) to 20 honn;. 

(b) U ndevdoped fiom. 

For the putpose of thc:oe ohservatio tt s 8 fistula shePp on a ha~- <liet 
without Rtarch snpplenwntntion \\'f'J ·e nse<L Micro;;copir <•xmnination of 
their 1um.en ingesta reYealed no io<lophilic micro-organisms. 'l'he hial~ 
were carried out aR i11 (a) . 

(1) After H hours, compared 11·ith :)Q minutes ·in (o), hamlul'ent 
bacteria " ·ere seen in eoutiguity "·ith tho starl'h granules . 

(2) After 2~ hours the organisms readetl to iodine, i .e. H hour:-; later 
than in (a). 

(3) Disintegration of starch g-nmuh·s eommeiJ<'e<l niter i honrs, i .e . 
2 hours later than in (a). 

( 4) Disintegration was completed after 2G-28 hours. 
complete disinteg·mtion took 3G hours . 

Conclttsions . 

In one sheep 

In the rumen of Rhee.p rece1vmg a regular supply of starC'h in the cliet 
the bacterial disintegration of starr;h granules commeuce<1 aftel' 5 hours and 
\vas eompleted within 18-20 hours, \vhil Rt in the <·ase of sheep 11nt 
receiving starch in the diet disintegration commenced after 7 hours; it 
wns much slmver and took 8-10 houts longer. ln the sheep r eceiving 
Btarch regularly, the hacte1·ial flora conrernerl in the disinteg-ration of 
starch iB well developed and consequently moTe 01·ganismR :ne aYailahle to 
attack the stan·h granules . 

In the rase of st:treh disintegrated h~, haderia within infusoria it wa~ 
shown above that <lisintegration comnwnced after 5z hours and was 
c:ompleted within 24 hours. 

RATE OF Dr&"'KTEGRATWX OF STARCH GHAKULE S Ol' DIFFI·:RE NT CERRILS. 

Using the· same techni(jue as in the. previous experiment, a series of 
experiments \Hts conducted t o <letermine the orate of <lisintegrahon of the 
various cereals that may be incorporated m the feeds of ruminants . 
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According to measurements taken by the authm _ in the course of ~his 
investigation, staTch granules of the various cereals \Yere found tt ,Jlffer 
in size and shape, 1;id e Table 10, below. 'faylm and l<l<ll e;.; (Hl2G) have 
founcl t h at there is also a difference in compositiou of th e Yarious stan·hef>. 
The sizes and sh apPs o£ the granules in a cereal also Yary, e .g. potato 
starch granules may vary in length from 0-72 microns. 'L' ItPir sh ape is 
either spherical or oblong . The granules of m:1ize, "·heat, oa t ,;, l'i1·e an !l 
peanuts h ave a much more uniform spherical slwpe . 

In the table given below it is sho,Yn that star<.:hes \Yit h 1arg·p g-nnmles 
are digested more slowly than those ''"i th snHtll gTn ll u les . 1 'ota to stan·lJ 
which h as the largest gr anules, requires 11 hours more t h:m nab which 
have the sm allest granules. T he average maize sta;·eh h as j the size of 
the average potato starch g-ranule and is digeste<1 10 bonn; sooner than 
the latter. 

TAnLE 1. 

Comparati'L·e diameters of staTch gTanules ·in m1crons and udc of rligesi'irm . 

J_Ja rgcst Smalle~t Avel'[tge 
rPimc •·equi reel 

Starch. fo r· complete granule. gran11lc. granule. digest ion. 

Potato . .. ....... .. ..... . 72 9 3;) :28-30 h OUI'S . 

Wheat ............ .. .. . . 3!) (i 24 24-26 
:iVIaize . . . . . . .. . .. .. .... 18 ~ ,, 12 18- 22 
Peanut .. . . . . . .. .. . . . . .. 1.~ 3 \) 18- 22 
Rice . . · . ..... .. ... . .. 15 3 6 17- 20 
Oats . ..... ... . . . . .. . .. 12 3 6 1 7--:ZO 

From a statistical analvsis of the diameter s of t h e different tYpes of 
starch g r anules and the rat~ of digestion, a linear relationship \\·a~ fonlHl 
to exist between the log. of the time and the rliantP.ter of the g-ranule . 
The diameter of st arch granules, theTefore, rlefinitdy intlueJH:e;; their 1ate 
of disintegration in the rumen. 

THT<j D 1GESTIOK 01" 8TAHCH " "ITUIN TI1E lt V~LEX . 

Degradation of starch usu ally results -in th e fonua tion of solubl~~ 
carbohydrates like clextrins an<l sugars (BlakP, 1D1G; ~huke, Hl-1 2) . It 
has been sho,Yn above that some of the productc; of star<.:h (1 egnuhtion are 
res~rnthesiser1 i nto g-lycogen and star<.:ltlike poly,.;a<·(·lwri<le,; i n <·ertain 
nuniual mioro-organismR. 'l'he polysacebarirles thus fo r111ed are utilized 
by the. organisms for their mYn m etaholsim m; eYidence(l by the a<·tive 
divisim{ seen in the pseudoyeasts during these stages. -

As ivea k oTganic (fat (y) acicls, e .g. acetic mul ladi!' acid haYe been 
found to he usually present in the rumen ( \Y oo(1man, 19'27) it is possible 
that these acids aTe fermentation pn)(1uds of some of the c:oluble r·arbo
hydrates formed during the process of starch h:nholysis. T hese arids are 
in turn cl~angecl into salts, e.g. acetates mtrl ladate:; mYing to the presence 
of large amounts of caTbonates in the rumen. 

'l'he soluble carbohydrates are, therefore, partl,v resynth esised into 
glycogen and starchlike polpaecharides a nd probahl_v also part he changed 
into weak orgame acids and their salts . The percentage of Rtarch form ed 
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into organic acids is unknown. According to W o·odman only about 8 per 
cent. of the total digestible carbohydrate of the food in the rumen is 
broken down to the gas and organic acid stage . He assumes consequently, 
that approxim.ately 8 per cent . of the sugar present in the Tumen will 
undergo further bacterial breakdown , and that the rest of the sugar will 
be absorbed in the alimentary tract of the animal. Woodman advanced 
these arguments to support his theoTy that cellulose i;; broken down by 
bacterial digestion to cellobiose and thence to dextrose . He. <'Onsiders this 
comparable to the digestion of starch whif'h is first hydrolysed to maltose, 
nncl then to clextro~e, by enllyme action. \V oodman' s theory i,;, therefore, 
that all carbohydrates in the rumen aTe ultimately broken down to dextrose 
and absorbed as suf'h exf'epting- for a possible 8 per cent. which are hroken 
down by baderi al adion to organic aricls and gases. 

Mangold (1929) oppose~ vVooclman's theory and suggests that in the 
rumen, substan<'es such as 'lUgars, starches, and cellulose, ferment to form 
gases, OTganif' fatty af'ids and alf'ohols. N eithe.r "Woodman nor Mangold, 
however, considered the possibility that the micro:flora may be able to 
reform starchlike polysaccharides and glycogen from the breakdown 
products of starches introrlur-erl into the rumen. 'l'he.y regarded the micro
organisms only as serretors of hydrolytic enzymes assisting in the break
down of organif' matter in the rumen. 

The amount of digestible carbohydrates farmed into acids and gases 
in the rumen is clifficult, if not impossihle, to assess, because material is 
constantly passing out of the rumen, to thr omasum rmd abomasum, parti
eulady during feerling (Quin and van der vYath, 1938). It is thus 
impossible to f'alculate at an:v one moment, how mnnh of a substance 
placed in the rumen at a given timr is still le.ft in it at a later stage. Under 
these experimental difficulties it is, therefore, impossible to evaluate the 
amount of staTch digested in the. various ways in which it may be dealt 
with in the rumen. 

A schematic preflentation iii given bela"· of ruminal digestion of star ch , 
based on the clata obtained in this stuclv as '""ell as on some known facts 
about starrh hyclrolysis. · 

RTARCH ADMINISTERED INTO THE RUMEN. 

(a)-------------------(b) 
Passed firectly from Formation of soluble carbohydrates in rumen by the action 
rumen to abomasum and of bacterial diastatic enzymes and possibly also maltase of the 
i nte~tines-hydrolys is by endosperm. 
rligcstivc acids and 
enzymes. (Obser·vation 
made on sheep with 
abomasal fistula) . 

(c) 
Rtarch and glycogen 
are synthesised in 
iodophilic organisms. 

(e)---------,(f) 
Passed to abomasum Production of heat, 
and intestines and energy and gas in 
digested by proteolytic bacterial metabolism. 
and othee digestive 
enzymes. 
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(d) 
Portion of soluble 
carbohydrate formed 
into weak organic 
acids (chiefly fatty 
acids) e.g. acetic and 
lactic acid and gas 
(Woodman). 

(g) 
Formed into the salts 
of these acids. 

(h) 
Passed to abomasum 
and intestines. 
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TYr:Es OF RuMINAL IoDOPHILIC 1\lrcuo-oRGAKl :SUS AKD THEIR REACTIOX TO 

ATJCOJIOLS A!>D UARBOIIYDltATES. 

In studying the digestion of r;htn;h in the nuuen several type_s . of 
iodophilic micro-organiHms were obsene<l when sheep "·ere fed e1ther 
t>brches OT sugars. Baker and Martin (1937) ae~ni1Jetl the iodophili(' 
organisms encountered in a :;tudy of eellulose <lig-estiou in the <·aeenm of 
the rabbit. 'l'hey found similar o1·ganismt> in the <·aeeuut of the hor::;c nlH1 
guinea pig anJ subsequen tly (1938) abo in the. nuueu of sh eep. The:· 
concluded that the primary agents in the disintegration of eell \Ya.ll 
substances in the rumen were iodophilic miero-organisms Yery similaT to 
those observed in the horse, guinea pig and rabbit. By using specinl 
111ethods t h ese investigators claim to have observer! iodop hi l ie bacteria i u 
the interior of lacunae formed in the cellulose particles . 'rhe iodophilic 
bacteria and pseudoyeasts con<'el'l1ed i1~ the <hgestion of sbrl'h in the 
rumen ean he demonstrated without ditfil'ulty l1y using Cham's or J,ugoh: 
iodine. 'l'o a drop of ruminal flui<1 on a clea n ;; 1i<1e a <lrop of Gram ' ti 
iodine is added and coYer erl wi th a thin <·oYf' rslip. AnY iodophili1· 
organisms, whether ln·o,Yn or blue, crre inune<1iately discerned. 

'rhe bacteria aucl pseudoyeast,; f'llUlll e.rated heltm (rra hl e 2) wer e 
observed in the rumen of the sheep used in these experimeuts . Apart from 
their size and physiological action detailed descriptions of thf'se organisms 
will not be given. rrhey are cleaTly illustrated in photomicrographs Nos. 
1 to 5, Plate V. · 

TABLE 2. 

I Sl'N'l'H"E'l'IC l'lWDUC'l'S, 

Micro-orga.nisms. I oizc. -

I 
(microns) . I 

Glycogen. 
I 

ota.rch. 

otreptococcus (Photo 1, Pla.te V) .... .......... ·65 - X 
Streptococcus, Large Type. (Photo 2, Plate V) ... 1·35 - X 
Tetracoccus (Photo 3b, Plate V) ............ . . 5 x 5 - X 
Small bacilli-various types (Photos 3c and { oxa 5, Plate V) . . ....... . ........ . . . ......... . · i5 x 2 X X 
Large iodoph. cigar-shaped bac. rPhoto 5(a), 2·5 x l 6 

Plate V.]. . ... . ...... ... ..... . . .. ....... . . 4 x l 3 - X 
Pseudo-yeasts, dividing by binary fission (Photo 4 

and 5b, Plate V.) ......................... 4- x S X -

In the comse of this study it •vas observed that these iodophilic 
organisms reacted differently to different carbohydrates_, e.g. starch and 
glucose. I£ glucose was administered into the rumen, the pseucloyeasts and 
some bacteria, especially the cocci, soon reacted iodoph iJieally by stain ing 
dark brown and blue, Te.spectively. When starch was administered these 
organisms reacted similarly, hut the r eaction was much delayed and 110t 
as strong. It was, therefore, decided to test the reaction of the iodophilic. 
flora to the introduction of various alcohols, sugars and other carbohydrates, 
into small quantities (10 c.e.) of ruminal ingesta incubated at 39° C. 
immediately after withdrawal from the rumen . The test material vvas 
used on concentrations of two and five per cent. in the. ruminal ingesta . 
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Microscopi(' preparations ::;tained with Lugo1's iodine were made and 
l'Xamined after ] 5 minutes, 45 minutes, 3 hours and in some instances 20 
hours after the cm1nnen('ement of incuha tirm . The ohsPrvations on starch 
were canierl out in rico at th e same time mHl on th e same sheep. 

'l'he re:;ults are i.ahulaierl in 'fable 3. 

It will be observed that:-

(1) The thTee pen toses used, 11amely arabinose, :x_vlose and rhamnose 
were not assimilated by the micro-Ol'ganisms to fo rm iodophilic 
pol ysaccharides. The other monosacelmri(les used were h exoses . 
Of thPse dextrose (glucose) and l aevulose (fructose) " ·ere readily 
assimilated a nd condem;ed in to iodophilic polysacch arides. 
(J-aladose, ho11·ever, pro(lucell an iodophilic reaction iu the 
cigarshaped bacillus ouly. 

(2) The disa('dt<uitl es maltose and saccharose were assimilated by 
all types of iodophilic mil'l'o-orga n isms, hut not as fast as the 
hwvulose an<1 dext-rose. L actose and . cellobio::;e. Jno·cluce<l 
<l elayerl io<lopb ilic 1·eactions in th e hacteria only. 

(3) Th e bi s:w<:.:hnri<le, 1·aiftuo:;e, produ<:.:ecl a n early iodophilic 
reaction in all i.ypes of iodoph i lie or gall isms. 

( 4) 

(5) 

Amongst t he po 1 ysacc ha ride:s, sta rr.;h and pee tin sh01Yec1 rlela yed 
reactimJs in the bacteria and to a les,;er extent. in the pseurlo
yeasts as \\·ell . The rea<li1y soluble poly,;acd1arides inulin and 
t:ioluhle starch were assimilated within 15 and 45 minutes 
respectively . 

Of the alcohol::;, isodulcite produced no iodophil ic r eaetwn, 
whilst manuite and sorhite \Yere assimilated soon , although t he 
bst-uamed \Yas app<uently poorly astlimiJated by bacteria . 

Conrlusion r 

(1) Of all the substrates 1J~e <l, h eYulose (h udo~e) an<l dextnme 
(glu('ose) \YelP most readil .\· as,; im ilate<l by i:Lte iodophi,J ic · tiorn , ·as ju(lgerl 
by th e.ir inten se iodophili<; I'<'nction. 

(2) Si,areh . \Yas m etaholisell, hut Yei·.v sl01dy, probably mYing to its 
insolubility and complex mole<;ular structure. 

(3) The p entoses <lirl not proclur.;e iodophilic rc~adi•m s in any of the 
Tuminal mi.CJ"o-organi:sms. These subsbncei:i ha Ye Leeu sho\n1 no£ to be 
fermented by yeasts (Plimmer , 1040). 

( 4) Co 11 obiose, deriYed hom ('elluloiie, produ('ecl a delayed iodophilic 
reaction. 

(5) Some alcohols are assimilable by the I'mninal m icro-flora. -

It appears, ther efor e, tha t the m icro-flora of th e. nun en can assimilate 
a wide range of carboh~·d ra te~ . 'fhe r ate and exten t of as:;;imilat.ion ' is in 
som e nteasure determin ed by th e cmi1 plexity of the. moleenl e. This ability 
of the ruminal 1nicro-flom is of gTeat a(hantage to the host animal as the 
great variety of complex eal'boh~·dratf's n aturally occurring in its. diet can 
be hvclroh·sed to le,;s cmnplicatecl strudures., . and m ade available ~ to t he 
host 'anim~ll in a more assim ilable form . 
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J. G. VANDER WA'l'H. 

[soLATION 01' AN IoDOPHILIC STREPTococcu:, AND SOME or-· ITs 

CHARACTERISTICS. 

A small coccus was observed to be the dominant iodophilic bacterium, 
always closely associated with starch granules in the rumen and present 
in every sheep examined. An attempt was, therefore, made to isolate this 
organism and study some of its characteristics in pure culture. 

A small silk bag of natural silk as described by Quin, v.d. vVath aml 
Myburgh (1938), was filled ·with erushed and shelled sterilized maize 
kernels. This was suspended in the rumen through the fistula. After 48 
hours of ruminal digestion the bag was wit hdra,vn and transferred into a 
sterile petri-dish. It "·as then openecl and a few partly digested kernels 
dropped into sterile. saline. From this suspension surface cultures were 
made on dextrose-agar or ~:;tareh-agar slants mlll inrubated at 39° C. for 
2-l- hours. Two or thTee types of colonies were usually present after 
incubation . Of these , the smallest dewdrop type. of r:olony almost inv~n·iably 
proYecl to be the streptococcus associated '"ith the maize l,ernels in great 
nurn hers . ~ubculture:; \Yere made on de.xt rose-ag-ar. ~mears we1·e n suallY 
matle of SOJlH' of the kerueb ancl ;;tained with Lugol's iocline and "·ith 
Cham 's stain . Cluste1· of (}r<lm positive and i.oclophili<· cocri were ohsened in 
most iustauces around the stan:h particles (:Photo 4, Plate 1). Although 
~ome other Ol'ganisms were u sually also present, they OCCUlTed only in sn~all 
numbers and "~ere not iodop hi lie . In a similar way, chemically pure 
cellulose suspended in a se.pcuate compartmeJJt simultaneously with maize, 
was fonn<l to encourage nrrious types of Clram negative bade1·ia (Photo 3, 
P lnte HI). A few Gram positive bacilli, eoccohacilli allCl large cocci "·e1·e 
abo present . Casein (19 pe1· cent. protein) •encourages z!rPdominantl.IJ 
Gram pos·iti·ve otganisms, comprised also of large cocci , coeco-bacilli and 
ba('illi (Photo 2, Pate III). 

The indications are, therefore, that materials submitted to digestion 
in the rumen encourage specific t ypes of bacteria to multiply in its 
immec1iate surroundings. In the case of starch the organism concerned 
was fouud to play a significant role in its disintegration within the rum en. 
1'he organisms associated with the cellulose and casein pmbably also assist 
in theiT disintegration. 

Some Characteristics of I sola ted Streptococcuo. 

1. Size : · 65 microns (First subculture) . 

2. Strongly Gram positive. 

3. Non-sporulating ovoid cocci usually in paus or short chains. 

4. Growth: -
(1) 
(2) 

(3) 
(4) 

(5) 

(6) 

Grows easily in dextrose. broth with final pH = 4 · 0. 
Dextrose- and stareh-agar- in 24 hours at 31° C. discrete 
semi-transparent colonies. 
Does not grow in peptone water pH = 7 · 5. 
Serum agar-chains up to 10 organisms. Mostly appears m 
pairs, longitudinally, or in chains of 4 to 5 . 

Serum broth- short chains of 4 to 5. Longer chains of 12 
to 15 infrequent. 

No liquefaction of gelatin. 



STUDIES ON TI-IE ALIMENTARY TRACT 01' SHEEP IN SOUTH AFRICA. 

(7) 
(8) 
(9) 

(10) 

(11) 

(12) 

(13) 

Good growth in gelatin at room temperature (25° C.). 
Methylene blue in milk not r educed. 
Acid formed in milk, but no coagulation . 
Growth on ordinary agar feeble. More profuse on dextrose
agar, soluble starch-agar and seru1?-agar. No growtl;t on 
dextrose-agar, at room temper ature. 111 24 hours, but mmute 
colonies are present after 48 hours. 
Broth-Uniform granular turbidity in broth after 24 hours 

and eYen earlier. Heavy clepo . ..;it. Chains sh ort. 
Starch- In synthetic medium (vVoodman & Stewart, 1928) , 
the organism ferments starch with the p roduction of acid , 
but no gas. 

After three months in stabculture (dextrose-agar) sealed with 
and kept with wax at room temperature , growth \Yas 
produced on dextrose-agar at 37° C. within 24 hours. 

5. Fermentation of Sugars: -
(1) F erments : Glucose., Lactose, Saccharose, :Maltose, L aevulose, 

Raffinose, Arabinose and Inulin to produce acid but uo gas. 
(2) Does not ferment: Mannite, Galactose, Salicin , Sorbite, 

Hhamnose, Inosite and Dulcite . 
It also ferments A esculin in bile m edium producing acid. 

6. H esist ance to heat : -
Withstands h eating m broth at 60° C. for 20 minutes, but Js 

killed after 30 minutes . 

7. Pathogenicity for laboratmy animals: --
Fresh (24 hour old) b roth cultures were found non-pathogen ic 

to Tabbits and mice on intr-avenous and intraperitoneal inj ections 
of · 5 c.c., 1 c .c . and1·5 c.c. 

1. The on ly diastases present in the rumen seem to be th ose secreted 
by ruminal bacteria, which would then be r esponsible for t he entir e starch 
dis integration seen th ere . 

2. In the Tumen of sh eep r eceiving a r egular supply of star ch in the 
diet, the bact erial disintegr ation of sta rch granules commenced after 5 
hours ann was completed within 18-20 h oms . In the case of sh eep n ot 
receiving st ar ch in the diet, disintegrat ion of the st ar c-h administer ed 
th rough th e fistula commenced after 7 h ours and took 8-10 hours t o 
eomplet e.. 

3 . Star ch gr anules of the various cer eals differ in sizP and sh ape . 
The diameter of starch gr anules influen ces their r ate of disintegTation 
within the rumen. 

4. Some of the products of star ch deg-rad a tion ar e r esynthesised in to 
glycogen and starch-like polysacch arines within certain r um inal bacter ia 
and pseudo-yeast s. 

5. The iodophilic micro-organisms encountered in the rumen and 
associat ed with the disintegr ation and digestion of sta rch , are described. 
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6. An iodophilic streptococcus closely associated with the disintegra
tion o£ starch was isolated in pure culture and some o£ its Pharacteristics 
deserioerl. 
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PLATE l. BACTERIAL DIGESTION OF STARCH. 

Photo l.- Potato Starch Granules X 220. 

Photo 2.-0ne hour after administration of starch into rumen a few iodophilic cocci are seen attacking it. 

Photo 3.-Afte•· 2 hours the iodophilic organ isms have increased. 

P hoto 4 .- After 4 hom·s a cluster of iodophi lic bacteria a re su rrounding the starch g ranule. 

Photo •>.-After 8 hours excavation of the surface of a starch granule is well advanced. 

Photo 6.- 26 hours only remna nts of a granule are left. They are sunounded by iodophilic bacteria. 

PLATE 2, RUMINAL IODOPHILIC MICRO-ORGANISMS x 500. 

Photo I.- Pure culture of Gram Positive Iodophilic Streptococcus. 

Phot,o 2.- Iodophilic streptococcus (large type). 

P hoto :J.- (a)lodophilic streptococci photographed in t he last stages of t hei r iodophilic reaction and 
grouped around t he remnants of a starch granule. 

( b )Iodophilic tetracoccus. 

(c) Small iodophilic bacillus. 

Photo 4.-Showing numerous pseudo-yeast cells filled with glycogen. Several are showing a central 
constriction and partit ion in t he act of dividing . 

Photo :'i.-(rt ) Large cigar-shaped bacilli . T hese bacilli represent various stages of starch synthesis 
within them. Some have blue discs, others blue rings and t hose fa rther advanced 
have broad dark blue confluent discs. 

P LATE 3. INTRARU1\UNAL DIGESTION OF SPECIFIC FOOD-SUBSTANCES x 1,000. 

Photo l.-A starch granule surrounded by a n almost pure culture of the gram positive streptococcus. 

Photo :2.-Casein taken from a silk bag suspended in the rumen for 36 hours. A rather mixed flora 
is seen, consisting mainly of large Gram positive cocci, coccobacill i and bacilli. A 
small number of Gram negative organisms are p resent, 

P hoto 3.-Chemically pure cellulose suspended in the rumen for 36 hours. A predominantly Gram 
negative flora is present. Relatively few Gram positive organisms are present. 
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