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INTRODUCTION.

A low-power microscople examinafion of rmmen ingesta reveals that
infusoria are the most conspicuons organisms. A more detailed examination,
however, also shows the presence of large numbers of non-pathogenic
bacteria, veasts, fungl and spirochactes, constituting the microflora of the
rumen.  The paunch and the lavge duiestines of herbivores are large
storage organs in which micro-organisms digest cellulosic structures and
make available {o the host animal previously encrustated food materials
such as pectins, proteins and carbohydrates (Meyver, W., 1927).  Meyer has
shown that in this process the cell membranes first become swollen, then
they appear lighter in colour and with progressive digestion the cellulose
lanmellae become torn, cavities are formed and disintegration sels in.  The
bacleria are seen surrounding the cells and later penetrating into the
mterior where the digestive process 1s continued.  Baker and Martin
(1937-1939) also 1nvestiguted the dismtegration of cell-wall substances in
the gastro-intestinal tract of herbivora. A(coldmg to them disintegration
is evidenced by the formation of clearly defined zones of erosion with
changes i microchemical and staining reactions associated with micellar
disorganisation.  Cellulose, hemicelluloses and  pectic  substances ave
dissolved while cutin and heavily lignified structuves entively resist attack.
In the caecum of the guinea pig, the vabbit und the horse as well as in the
rumen of the shoep the ])11111.11\' agents of this disintegration were found
to be dodophilic micro-organisms, giving o blue (dln\lnd&\\tun) reaction
with 1odine.  There 15 very little mlmnm{mn to be found in the literature
on the digestion in the romen of the remaining foodstults, pamely profein,
fats and stavch.

Mangold and Schmitt-Krahmer (1927) demonstrated bacterial digestion
ot fats in the rumen. Ierber (1928) showed that infusoria readily moebted
fat droplets, and that these fats were digested within the organism by
bacteria. '

Baker and Martin (1933) observed {hat in the caecum of the horse there
was a de])osltlon of polysaccharides in the indigenous micro-organisis.
The indication is, therefore, that {hese organisms "had the ability to form
starchlike polysac ‘cliarides within their own bodies, from the surrounding
medium containing cellulose and other encrustated food materials, or {heir
fermentation produ(‘t».
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STUDIES ON THE ALIMENTARY TRACT O SHEKP IN SOUTH ATRICA.

Since no researches on bacterial digestion of starches i the runen are
recorded, this study was wndertaken in an attempt to eluecidate some aspects
of this problem.

BACTERIAL DISINTEGRATION Or STarcll Grasvnes Wrrmiy tur RUMEN.

Taght fistula sheep were placed on a wheat straw diet without any
chemically detectable starch.  On this diet the multiplication of starch
digesting bacterin in the rumen could ke controlled either by the addition
or the reduction of starches or sugars.

The sheep were also freed from infusoria by copper sulphate admini-
siratlon some weeks before, so as to have all the starch administered into
the rumen available for undisturbed bacterial digestion only.

Smears were made daily from rumen ingesta, withdrawn through the
fistula, by adding a drop of Lugol's todine to a (11()1) of ruminal ingesta on
a slide and covered by a cov eh]]]). These preparations were then examined
for starch granules.  When no more granules could be seen, 5 grams of
malze starch was administered into the rumen of each of four sheep at a
time,  After this, small samples (2 c¢.c.) or rumen Ingesta were withdrawn
hourly to follow up the process of disintegration of the starch granules.
The preparation of smears was usually coutinued until the starch was
completely disintegrated.

The mode of attack and disintegration of the starch granules is clearly
ilustrated in plate IV. Iig. 2 shows a few slightly mauve cocei adjacent
to the starch granule, one hour after administration of the starch into the
rumen. I'ig. 3 shows a starch granule with double the number of mauve
cocel around 1t, photographed one hour later. Fig. 4, taken three hours
later, again shows an uncountable number of mauve and dark wmauve
organisms surrounding the starel granule.  1fig. 5, 4 dl\en seven hours later
illustrates another granule with almost a pure culture of iodophilie
streptococel surrounding it.  The typical disintegration of a starch granule
is well illustrated. It is excavated from the sides and there du- bacteria
filling these craters and enlarging them until the graunule breaks up into
fragments. In Fig. 6 the remnants of such a granule are seen after having
been in the rumen for 24 hours. Only a mass of dark mauve and brown
cocel 18 left. Some of these cocel are already losing their ilodophilic
veaction. Three or four hours later most of them will have become trans-
lucent 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 omnuleb
was mainly brought about by an 10dnphl]10 x’rlept()(o('(*us usually present
in large numbel%. The disintegration followed a definite pattern.

By incubating sterilised starch granules with bacteria-free ruminal
fluid obtained both by centrifugation and filiration (Zeitz filter and
collodion membranes), disintegration of starch granules could mnot be
produced. On the other hand when incubated 1n a synthetic medium,
similar to that used by Woodman & Stewart (1928) in their researches on
cellulose digestion, with cultures of the iodophilic streptococcus isolated
from the rumen, starch was attacked as in the rumeun, without noticeable
evolution of gas.

368



J. G. VAN DER WATH.

Furthermore, disintegration of starch granules was never observed in
the rumen if the granules were not attacked by iodophilic bacteria, mainly
streptococel.

It seems, therefore, that in the absence of diastatic enzymes in the
saliva of the sheep, other diastatic enzymes were either not present in the
ruminal fluid or otherwise too dilute 1o have any perceptible effect.
Consequently 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.

Rare or DrsinrteEararion or Marzuw Starcn OnraNvirs IN ©THE RuUMEN.
This is influenced by the presence in the rumen of : —

{a) A developed 1odophilic florau.
() An undeveloped flora.

(a)y Developed flora.

To promote the development of a starch digesting flora 100 grams of
maize starch was administered daily for 10 days through the fistula tube
of a sheep on a hay diet. After this the rumen was prepared for starch
digestion trials by omitting the administration of starch 48 hours before
commencement of the trial.  After this period the rumen had become free
of starch and the organisms had all lost their iodophilic reaction. Under
these cireumstances the rumen thus contains a vich iodophilic flora ready
to attack any starch that may be administered.

On the day of the trial 100 grams of maize starch was introduced
through the fistula of each of three sheep, using different sheep
subsequent trials., A small sample (2-3 c.c.) of rumen content was with-
drawn for microscopic examination at regulav intervals of 30 minutes after
administration of the starch. Microscopic preparations were made as In
the previous experiment. The procedure was continued until neither starch
nor 1odophilic organisms could be seen in the preparations.

The results were brieflv as follows:—

(1) After 30 minutes a few iodophilie streplococel were present
around most starch grains, some of the organisms staining light
mauve whilst others were still translucent.  Pseudo-veusts | I1ig.
h (), Plate 2] dispersed in the medinm, stajned a pale greenish-
vellow with Tugol’s tudine

(2) After one hour the number of organisis were notably iuncreased
and more of them sfaining mauve.

(3) After 2 hours most starch grains were completely surrounded
by iodophilic streptococei. A type of large iodophilic strep-
tococcus forming yather long chains was usually visible from
this stage onwards.

(4) After 3 hours layers of iodophilic streptococei were packed
around practically all the starch grains with streptococcal
chains and groups of tetracoccr [Fig. 3 (), Plate 2] dispersed
throughout the medium.

(5) After 5 hours disintegration of starch granules comenced,
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(6) After G4 hows disintegration of some starch granules was

~ completed and iodophilic bacterin were dispersed throughout the
ruminal fluid m large numbers [Plate 2, Figs. 3 (a), () and
(¢)]. Both pseudo-yeasts and the cigar-shaped bacilli (IMg. 5
(@), Plate 2] commenred to show iodophilic reactions at this
stage.

(7) After 18 hours only remnants of starch granules were present.
These were surrounded by masses of streptococer, most of which
Lad become translucent again.  The iodophilic micro-organisms
that were dispersed throughout the ruminal fluid were rvare
because they had completely metabolised the polysaccharides
responsible for their previous lodophilic reactions,

{8) After 20 hours there were neither stareh residues nor 1odophilie
reacting bacteria. Stareh disintegration was, therefore, com-
pleted 1 from 18 to 20 hours.

(b)y Undeveloped flora.

For the purpose of these obsevvations 8§ fistula sheep on a hav diet
without stavch supplementation were used.  Microscopie examination of
their rumen ingesta revealed no ilodophilic micro-organisms.  The trials
were carried out as in {«).

(1) After 1} hours, compared with 30 minutes 1u {«), franslucent
bacteria were seen 1n contiguity with the starch granules.

(2) After 2% hours the organisms reacted to iodine, i.e. 14 hours later
than in (a).

(3) Disintegration of starch granules commenced after 7 hours, i.e.
2 hours later than w (a).

(4) Disintegration was completed after 26-28 hours. In one sheep
complete disintegration took 36 hours.

Conclusions.

In the rumen of sheep receiving a regular supply of starelh in the diet
the bacterial disintegration of starch grannles commenced after 5 howrs and
wag completed within 18-20 hours, whilst in the case of sheep mnot
recelving starch in the diet disintegration commenced after 7 hours; it
ras much slower and took 8-10 hours longer. In the sheep receiving
starch regularly, the baclerial flora concerned in the disintegration of
starch 18 well developed and consequently more organisms are available to
altack the starch granules.

In the case of stareh disintegrated by bacferia within infusoria it was
shown above that disintegration commenced after 5% hours and was
completed within 24 hours.

RATE oF DISINTRGRATION OF STARCH (FRANULES 01 DIFFFRENT (CEREALS.

Using the same technique as in the previous experiment, a series of
experiments was conducted to defermiine the rate of disintegration of the
various cereals that may be incorporated in the feeds of ruminants.
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According to measurements taken by the author in the course of this
investigation, starch granules of the various cerexls were found to differ
in size and shape, wide Table 10, below. Taylor and Tddles (1926) have
found that there is also a difference in composttion of the various starehes.
The sizes and shapes of the granules 1n o cereal also vary, e g, potato
starch granules may vary in length from 9-72 micvons.  Their shape 1s
either spherical or oblong. The granules of mnaize, wheat, outs, Tice aund
peanuts have a much more uniform spherical shape.

In the table given below il is shown that stavches with laree granules
are digested more slowly than those with small granules.  Tolato starch
which has the lavgest granules, requires 11 hours more than cats which
have the smallest granules. The average malze starch has § the size of
the average potato starch granule and is digested 16 hoars sooner than
the latter.

Tarrr 1.

Comparative diameters of stavele granuvles in microns and yate of digestion.

. Largest Smallest Average ].HDC required
Stavch. = - for complete
granule. granule. aranule. L
= s = digestion.
Potato.................. 72 9 35 ‘ 28-30 hours.
Wheat.................. 39 [ 24 24-26
Maize. ..o, 18 3 \ 12 1822,
Peanut............... .. 15 3 9 18-22
Rice......o. ... ... 15 B 6 17-20 ,,
Oats. ... oo 0. 12 3 6 17-20 .,

From a statistical analvsiz of the diameters of the different types of
starch granules and the rate of digestion, a limear velationship was found
to exist between the log. of the time and the diameter of the granule.
The diameter of starch granules, therefore, definitely influences their rate
of distutegration in the rumen.

Ty DIGESTION OF STARCH WITHIN Tik RUMRY,

Degradation of starch usually vesults 1u {he Formation of =oluble
carbohydrates like dextrins and sugars (Blake, 1916 Starke, 1942). 1t
has been shown above that some of the products of starch degradation arve
resynthesised into  glveogen and  starchlike  polyvsacchavides in certain
ruminal micro-organisms.  The polysaccharides thus formed are utilized
by the organisms for thelr own metabolsim as evidenced by the active
divisiod seen in the pseudoveasts during these stages,

As weak organic (fatty) acids, c.g. acetic and lactic acid have Dbeen
found to be usually present in the rumen (Woodman, 1927} it is possible
that these acids ave fermentation products of some of {he soluble carbo-
hydrates formed during the process of starch hyvdrolvsis. These acids are
i turn changed Into salts, e.e. acetates and lactates owing {o the presence
of Targe amounts of carbonates in the rumen.

The soluble carbohydrates are, therefore, partly resynthesised into
glycogen and starchlike polysaccharides and probably also partly changed
into weak organic acids and their salts. The percentage of stareh formed
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into organic acids is unknown. According to Woodman only about 8 per
cent. of the total digestible carbohydrate of the food in the rumen 1is
broken down to the gas and organic acid stage. e assumes consequently,
that approximately 8 per cent. of the sugar present in the rumen will
undergo further bacteral 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 theory that cellulose is broken down by
bacterial digestion to cellobiose and thence 1o dextrose. He considers tlus
compavable to the digestion of starch which is first hydrolysed to maltose,
and then to dexirose, by enzyme action. Woodman’s theory 1s, therefore,
that all carbohydrates in the rumen are ultimately broken down to dextrose
and absorbed as such excepting for a possible 8 per cent. which are hroken
down by hacterial action to organic acids and gases.

Mangold (1929) opposes Woodman’s theory and suggests that in the
rumen, substances such as sugars, starches, and cellulose, ferment to form
gases, organic fatty acids and aleohols. Neither Woodman nor Mangold,
however, considered the possibility that the microflora may be able to
reform starchlike polysaccharides and. glycogen fron the breakdown
products of starches introduced into the rumen. They regarded the micro-
organisms only as secvetors of hydrolyvtic enzymes assisting in the break-
down of organic matter in the rumen. 4

The amount of digestible carbohydrates formed into acids and gases
i the rumen is difficult, if not impossible, to assess, because material is
constantly passing out of the rumen, to the omasum and abomasum, parti-
cularly during feeding (Quin and van der Wath, 1938). It is thus
1mpossible to ecalculate at any one moment, how much of a substance
placed in the rumen at a given time is still left in it at a later stage. Under
these experimental difficulties 1t is, therefore, impossible to evaluate the
amount of starch digested in the various ways in which it may be dealt
with in the rumen.

A schematic presentation is given below of ruminal digestion of starch,

based on the data obtained in this study as well as on some known facts
about starch hydrolysis.

STARCH ADMINISTERED INTO THE RUMEN.

(a)— : ()
Passed fireetly from Formation of soluble carbohydrates in rumen by the action
rumen to abomasum and of bacterial diastatic enzymes and possibly also maltase of the
intestines—hydrolysis by endosperm.
digestive acids and
enzymes. (Observation ) —(d
made  on  sheep  with Starch and glycogen Portion of soluble
abomasal fistula). are synthesised in carbohydrate formed
iodophilie organisms. into weak organic
acids (chiefly fatty
(&) (f) acids) e.g. acetic and
Passed to abomasum Production of heat, lactic acid and gas
and  intestines  aund cnergy and gas in (Woodman).
digested by proteolytic bacterial metabolism.
and  other  digestive (9)
cnzymes. Formed into the salts
of these acids.
(k)

Passed to abomasum
and intestines.

372



J. G. VAN DER WATH,

Tyrrs orF RumiNar loporurvic Micro-oncanisms axp Trem Reacrionx 1o
Avrcorons AND (ARBOIYDRATES.

In studying the digestion of starch in the rumen several 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 sheep. They
concluded that the primary agents in the disintegration of cell wall
substances in the rumen were iodophilic micro-organisms very similar to
those observed in the horse, guinea pig and rabbit, By using special
wethods these investigators claim to have observed itodophilic bacteria in
the interior of lacunae formed 1n the cellulose particles.  The iodophilic
bacteria and pseudoyeasts concerned in the digestion ot starch in the
rumen can be demonstrated without difficulty by using Gram’s or l.ugol's
lodine.  To a drop of ruminal fluid on a clean shde a drop of Gram’s
iodine 1s added and covered with a thin covership.  Anyv iodophilie
organismns, whether brown or blue, are immediately discerned.

The Dbacteria and psendoyeasts enumerated below (Table 2) were
observed 1n the rumen of the sheep used in these experiments. Apart from
their size and physiological action detailed descriptions of these organisis
will not be given. They are clearly illusirated 1n photomicrographs Nos.

1 to 5, Plate V.

TasLE 2.

|

‘ SYNTHETIC PRODUCTS.
Micro-organisms. ’.\wfc' — —_— - -
(mierons).
\ Glycogen. Starch.

Streptococcus (Photo 1, Plate V)............ .. ‘ <65 — X
Streptococcus, Large Type. (Photo 2, Plate V)... | 1-35 — pe
Tectracoceus {(Photo 3b, Plate V). ............. 5x b — I PN
Small bacilli—various types (Photos 3¢ and | [ -5x3 ‘

5, Plate V). ..o L rHx2 ® X
Large iodoph. cigar-shaped bac. [Photo 5(a), | [2-5x16

Plate V.]..oooiioii i L 4x13 — Pt
Pscudo-yeasts, dividing by binary fission (Photo 4 |

and 5b, Plate Vo). ool 4% 8 X —

In the course of this study it was observed that these iodophilic
organisms reacted differently to different carbohydrates, e.g. starch and
glucose. If glucose was administered into the rumen, the pseudoyeasts and
sonie bacteria, especially the cocci, soon reacted iodophilically by staining
dark brown and blue, respectively. 'When starch was administered these
organisms reacted similarly, but the reaction was much delayed and not
as strong. It was, therefore, decided to test the reaction of the iodophilic
flora to the introduction of various alcohols, sugars and other carbohvdrates,
into small quantities (10 c.c.) of ruminal ingesta incubated at 39° (.
immediately after withdrawal frow the rumen. The test material was
used on concentrations of two and five per cent. in the ruminal ingesta.
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Microscopic  preparations stained with  Lugol’s iodine were made and
examined after 15 minutes, 45 minutes, 3 hours and in some Instances 20
hours after the commencement of tncubation.  The observations on starch
were carried oul /n oo at the same time and on the same sheep.

The rvesults are {abulated 1n Table 3.

It will be observed that:—

(1) The three pentoses used, mnm]v arabinose, xylose and rhamnose
were not assimilated bv (he micro-organisms to form iodophilic
polysaceharides.  The other monosace hande,s used were lhexoses.
Of these dextrose (glucose) and laevulose (fructose) were readily
assimilated  and  condensed  1nto  1odophilic  polysaccharides.
Galactose, however, produced an  Jdodophilic veaction in  the
cigarshaped bacillus only,

(2) The disaccharides maltose and saccharose were assimilated by
all types of jodophilic micro-organisms, but not as fast as the
laevulose  and  dextrose.  Lactose  and - cellobiose  produced
delayed 1odophilic reactions in the bacteria only.

(3) The Dbisaccharide, raflinose, produced aun  carly  iodophilic
reaction 1 all t\'pes of 1()(]()1}111]1(' organisms.

(4) Amongst the polvsaccharides, starch and pectin showed delaved
reactions in the bacteria aud to a lesser extent in the psceudo-
veasts as well.  The readily soluble polysaccharides inulin and
soluble stareh  were assimilated within 15 and 45 minutes
respectively,

(5) Of the alcohols, isoduleite produced mo iodophilic veaction,
whilst mannite and sorbite were assimilated soon, although the
last-named was appavently poorly assimilated Dby ‘bacteria.

Conclusion s

(1) Of all the substrates wused, lauevulose (fructose) and  dextrose
(glucose) were most readily assimiilated by the iodophilic flora, asx judged
by their intense 1odophilic reaction.

(2) Starch was metabolised, but very slowly, probably owing to its
insolubility and complex molecular structure.

(3) The peuntoses did not produce iodophilic reactions in any of the
ruminal micro-organisms.  These substanees have been shown not to Dbe
fermented by yeasts (Plimwmer, 1940).

(4) Cellobiose, derived from cellulose, produced a delaved iodophilic
reaction.

(5) Some alcohols are assimilable by the ruminal micro-flora.

It appears, ‘rhereforo that the micro-flora of the 1umen can assimilate
a wide range of carbohvdrates. The vate and extent of assimilation is in
soMe easure detelmlned bv the complexity of the molecule.  This ability
of the ruminal micro-flora 1s of great advantage to the host animal as {he
great variety of complex nlml\\‘(ha.es lldtllld“\ oceurring in its diet can
he h\'(holvsed to less (mnphmlted S‘[lll(tulen,‘ aml made m‘lﬂab]e ‘to the
Lost animal iv a more assimilable form. - - - C
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J. G. VAN DER WATH.

[soraTioN oF AN JoporurLic STREPTOCOCCUS AND SOME OF ITs
CITARACTERISTICS.

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

A small silk bag of natural silk as described by Quin, v.d. Wath and
Myburgh (1938), was filled sith crushed and shelled sterilized maize
kernels.  This was suspended in the rumen through the fistula. After 48
hours of ruminal digestion the bag was withdrawn and transferred into a
sterile petri-dish. Tt was then opened and a few partly digested kernels
dropped 1to stevile saline.  From this suspension surface cultures were
made on dextrose-ngar or starch-agar slants and imeubated at 39° . for
24 hours. Two or three tvpes of colonles were usually present after
incubation. Of these, the smallest dewdrop type of colony almost invariably
proved to be the ntl(—‘}ﬂO( occus associated with the maize kernels in arent
numbers.  Subcullures were made on dextrose-agar.  Smears were llall(i”}
made of some of the kernels and stained with Lugol’s todine and with
Gran's stain, Cluster of Gram positive and 1odophilic cocel were observed in
most instances avound the starch particles (Photo 4, Plate 1).  Although
sone other organisms were usually also present, they occuwrred only in small
numbers and were not iodophilic. In a similay way, chemically purve
cellulose suspended in a separate compartment snnultanwusl\ with maize,
was found to encourage various tyvpes of Gram negative bac teria (Photo 3,
Plate TTH. A few Gram positive bacilli, coccobacilli and large cocel were
also present. Casein (79 per cent. protein) encourages 1;10(701}1111(1n7‘]1/
Glram positive organisms, comprised also of large coccl, cocco-bacilli and
bacilli (Photo 2, Pate TTT).

The indications are, thevefore, that materials submitlted to digestion
in the rumen encourage specific tvpes of bacteria to multiply in its
immediate swroundings.  In the case of starch the organism concerned
was found to play a significant role in its disintegration within the rumen.
The organisms associated with the cellulose und casein probably also assist
i therr disintegration.

Some Characteristics of Isolated Streptococcus.

1. Size: -65 microns (I'irst subculture).

[AV]

Strongly Gram positive
Non-sporulating ovold cocel usually in pairs or short chains.
Growth : —

(1) Grows easily in dextrose broth with final pH —4-0.

(2) Dextrose- and starch-agar—in 24 hours at 37° C. discrete
semi-transparent colonies.

N

3) Does not grow in peptone water pH —7-5.
0 per I
(4) Serum agar—chains up to 10 organisms. Mostly appears in
pairs, longitudinally, or in chains of 4 to 5.
(5) Serum broth—short chains of 4 to 5. Longer chains of 12
to 15 infrequent.
(6) No liquefaction of gelatin.
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(7) Good growth in gelatin at room temperature (25° C.).
(8) Methylene blue in milk not reduced.
(9) Acid formed in milk, but no coagulation.

(10) Growth on ordinary agar feeble. More profuse on dextrose-
agar, soluble starch-agar and serum-agar. No growth on
dextrose-agar, at room temperature in 24 hours, but minute
colonies are present after 48 hours.

(11) Broth—Uniform granular turbidity in broth after 24 hours
and even earlier. Ieavy deposit. Chains short.

(12) Starch—In synthetic mediwum (Woodman & Stewart, 1928),
the organism ferments starch with the production of acid,
but no gas.

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

5. IMermentation of Sugars:—
(1) Ferments: Glucose, TLactose, Saccharose, Maltose, Laevulose,
Raffinose, Arabinose and Inulin to produce acid but no gas.
(2) Does mot ferment: Mannite, Gualactose, Salicin, Sorbite,
Rliamnose, Inosite and Dulecite.
It also ferments Aesculin in bile medium producing acid.

6. Resistance to heat:—

Withstands heating in broth at 60° €. for 20 minutes, but is
killed after 30 minutes.

7. Pathogenicity for laboratory animals:—-
Tresh (24 hour old) broth cultures were found non-pathogenic
to rabbits and mice on iutravenous aund intraperitoneal injections
of *o c.c., 1 c.e. and 1+H c.c.

SCUMMARY.

1. The only diastases present in the rumen seem to be those secreted
by ruminal bacteria, which would then be respounsible for the entire starch
disintegration seen there.

2. In the rumen of sheep 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. In the case of sheep not
receiving starch in the diet, disintegration of the starch adwministered
through the fistula commenced after 7 hours and took 8-10 hours to
complete.

3. Starch granules of the various cereals differ in size and shape.
The diameter of starch granules influences their rate of disintegration
within the rumen.

4. Some of the products of starch degradation are resynthesised into
glycogen and starch-like polvsaccharides within certain ruminal bacteria
and pseudo-yeasts.

5. The iodophilic micro-organisius encountered in the rnmen and
associated with the disintegration and digestion of starch, are described.
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6. An iodophilic streptococcus closely associated with the disintegra-
tion of starch was isolated in pure culture and some of its chavacteristics

described.
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PLATE 1. BACTERIAL DIGESTION OF STARCH.
Photo 1.—Potato Starch Granules x 220.
Photo 2,—One hour after administration of starch into rumen a few iodophilic cocci are seen attacking it.
Photo 3.—After 2 hours the iodophilic organisms have increased.
Photo 4.—After 4 hours a cluster of iodophilic bacteria are surrounding the starch granule.
Photo 5.—After 8 hours excavation of the surface of a starch granule is well advanced.

Photo 6.—26 hours only remnants of a granule are left. They are surrounded by iodophilic bacteria.

PLATE 2. RUMINAL [ODOPHILIC MICRO-ORGANISMS > 500.
Photo 1,—Pure culture of Gram Positive Iodophilic Streptococcus.
Photo 2.—Ilodophilic streptococcus (large type).

Photo 3.—(a)lodophilic streptococel photographed in the last stages of their iodophilic reaction and
grouped around the remnants of a starch granule.
(b)Iodophilic tetracoccus.
(¢) Small iodophilic bacillus.
Photo 4.—Showing numerous pseudo-yeast cells filled with glycogen. Several are showing a central
constriction and partition in the act of dividing.
Photo 3.—(«) Large cigar-shaped bacilli. "These bacilli represent various stages of starch synthesis
within them. Some have blue discs, others blue rings and those farther advanced
have broad dark blue confluent discs.

PLATE 3. INTRARUMINAL DIGESTION OF SPECIFIC FOOD-SUBSTANCES x 1,000.
Photo 1.—A starch granule surrounded by an 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 secn, consisting mainly of large Gram positive cocei, coccobacilli and bacilli. A
small number of Gram negative organisms are present.

Photo 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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