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Abstract:

The importance of the rumen or fore-stomach in the digestion of food material by the cow and sheep is
discussed with special emphasis or the bacteria indigenous to this organ. Mention is made of the
breakdown as well as the synthesis of compounds in the rumen by these organisms.

A procedure whereby samples of rumen contents can be cultured in an agar medium under a carbon
dioxide environment was employed for isolating organisms in high dilutions from sheep with artificial
fistula. Various morphological and physiological tests were performed on two micrococcus-like
bacteria and two gram positive obligately anaerobic filamentous Organisms that divided into short rods
after prolonged incubation; A representative from each of these two morphological groups was selected
and total acid, total volatile acid, and gas production were determined. Bine months later, attempts
were made to isolate similar organisms from' another sheep. The gram positive micrococcus-like
organisms were present in both animals but the rod shaped bacteria wore not found in the second
sheep. Possible reasons for this are discussed.
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ABSTRAGT

The importance of the.rumen or fere-stomach in the digestion of
food material by the eow and sheep is discussed with special emphasis on
the bacteria. indigenous te this ergen. Mention is made of the breakdown
as well as the synthesis of compounds in the rumen by these organisms.

A procedure whereby samples of rumen contents can be cultured in an agar
medium under a carbon dioxide enviromment was employed for isolating
organisms in high dilutions from sheep with artificial fistula. Various
morphologieal and physiclogical tests wsre performed on two micrococcus—
like bacteria and two gram positive obligately anaerobic filamentous
organisms that divided into short rods afier prolenged incubation: 4
representative from each.of these:two morphological groups was selected
and total acid, total volatile acid, and gas production tere delermined.
Nine months later, atbtempts were made t¢ isolate similar organisms from'
another sheeps The gram positive micrecocous-like organisms were present
in both animals but the rod shaped bactéria were nob found in the aseond
sheep, Possible reasons for this are discussed.




'-5*
A STUBY OF A FEW OF THE BAGTERIA IN THE RUMEN OF SHEEP

INTRODUGTION

One of the mosb interesting relationships in bialogy is the ability
Cof two forms to live bogether in such intimacy that a separate existence
of the two iS‘no£ foﬁnd in nature. A prominent example of this association
is the gymbiotic rei#tionship of hhé.bacterial flora présent in the fore-
gtomach or fumgn of ﬁhezRuminantiaa It wds the purpese of this stuqy to
investigate the microflera presenb in the rumen of sheep at Montana Sbété
. Géllegé aﬁd Learn somaﬁhimg'of the types of mlcerovgrganisms present and
the role whiéhﬁthEy play in the rumen.
REVIEW OF LITERATURE

Shalk and Amaden (1928} in an early work om the physmology of the
‘bovine stomach have shown that this organ is quite voluminous, having a
‘capaclty of 20 to hO wallons dependlng upon the size of the animal, Thlsf
shomach 15 compound wibth four cavities or chambers present. These 1nclude'

the reticulum, the rumen, the omasum and the abomasum. They point-out.that

of the four comparimenbs, the sbomasum is the true stomach and the enly one

containing digestive glahdﬁa The reticulum and the rumgn'are really not

' separate compartments but one large'fermentation vat whose contents repre-.
sent dbout oﬁ;pfifbh to one~fourth of the tobtal weight of the animal.

Food arriving from‘%he meonth ﬁhréugh the eéqphagus reaches the ruﬁen where:
it is thoroughly mixed by the churning adtion of the powerful rumen walls;
This food materlal ig held in the rumen for varying periods of lee nrgil

it is regurgitated to the mouth‘for remastlcatlon, The stqrage of the
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food material in the rumen and thé subsequent second mastication by the
molars regsults in a finely divided mixture which is easily digested by
the ensymes in bhe lower levels of the digestive traect. From the rumen
this finely divided iﬁgesta.passes into a smaller compariment; the omasum
or third stomach. In this campartment'ﬁhe cmarse-partibles'reﬁaining ,
from the preceding rumination are ﬁritu?atéd or rubbed to pieces by the:
moving action of the numerous folds of laminsg lining the walls. The
1i§uid and more finely divided péftieﬁ of the food material paSSéS into
-the abomasum where digést¢an by the stomach enzymes take» placea |

Early students of the nutrition of the rumlnant anlmals falt that
the rumen served only as a storage chamber for food amaiting further nagtie-
cation before pagsage to.th¢ g1andu1ar stomachs Ritzman and Benedict
(1938) stated that, "The function of the organ {the rumen) is of &\pufely
.meﬁhahipallqharacter,“ and “ihﬁ gﬁeater efficiendy of the ruminant. in
digesting coarse fodder is dué to provision of a mechsnieal rather than a
chemical nature," _ |

Hastings (19LlL) disagreed with Ritzman and Benedict and suggested tﬁat
in addition to a mechanieal action, a chemical antion was alse being |
earried out within this orgen by various microorganisms presents He adw
vised one to obgerve a drop of 1iquid from the'?umen under’high'magnifi;
eé#ion.and notice the vast variety of microorganisms; both protozoa aha
5acteria; ﬁhatrare presenti In support of his suggesﬁimn‘he‘also~listed .
 several factors that would enable a population of microorganisms to be

‘maintained in the rumen. First of all, the food intake is largely
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carbohydrate; an éxcellent medium for microorganisms, Znd thisg intake is
at regular intervals. Secondly, the large volume of saliva entering'the
fﬁmﬁm.from the mouth keeps the hydregen ion ceneenﬁr&ﬁipn at a point
faVOrable for the growth of bacteria and protozta. The saliva of the
ruminants conmbains a high percentage of NaHGOB, which neutraiizes the
acids formed by microbial action on the carbohydrates present,. fhirdly,
the walls of the rumen are iﬁvconstaht motion which prevenbs the gtagna-
tion of'any part of the cunﬁenta aﬁd alloﬁs‘ﬁhékenvironmauﬁ'to.become
conﬁrolleé threugh@uty Hastings poin£S'ou£ thaﬁ the rumen 18 gerying é
mach more 1mportaﬁt functien than.merely a mechanical nature by harboring
and aiding in bhe multlplmcatxon ef'vasb nnmbers of mlermorganisms. 1he3e
rumgn'mierodrganasmsaattack ﬁhe food materlal which is in various stages
of mechanical disintegration and through the action of their cellular
enzymes, act by beginning to digest portions of this material before it
" yeaches the giandﬁlar Stomaath A symbiotic role thus exisits bétween the
. piminant animals and the‘miapbflgra and.micr@fauha of .their &igestivé
tracts ’The'ruminant,pvovideé tﬁa érganismé with their substrate aﬂd»in'
return part of the carbohydrate of the ruminant feed is digesﬁed,by ﬁhe
aréanisms_ It would appear thab the rcow and the qneep %hereﬂore posgess
& more efflc1enh dlgestive syetem, becaus@ of the peveral levels of food
breqkdcwn and dxgeqtlen, than obher anlmals whieh depend upon the dlgestlon
of foed in the stomach or intestines alene. ' ‘

Since éhemical-éhanges'havé baeﬁ found to oceur in the rumen; the

emphasis in ruminant digestion has shifted bo a more thorough study of the
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wicroerganisms présent and the part. ﬁhese organisms play’ in these changes.
The'inherest'has cehtered mainl&*in the types of erganismg present and in
their funetion within the vumen, Various procedures have been developed
to obtain sampleg of fumen 6onteﬁts but the most. suceegsful has been the
use of the rumen fistula (Shalk and Amédén,'wgﬁ, and Quin eb al, 1938}
The uge of fistulated animals enables the investigator te.rémQVevsampleé.
from the animal while keeping the rumen and its donbtents inta%t:fmr:
fu‘lt'ure study. e

|  The types dnd numbers of-mieraarganisms‘présentlin the rumen of caﬁﬁle
" and sheep ha@e.been described by severai investigators. Hastings (194h)
has esbimated that 10 per cent of the insoluble ﬁattef'in the rumﬁn;émn%
éi$t3~of bacterias. Gail (l?hé}s-aall-gg al (1947, 1948} plaged. the number
of microorganisms présent in the ruminants that she examined at abaut‘lée
"liaill'ion per gram of fresh rumen centents. Van der Wath (1948} developed
4 direct microscople method for. counting microerganiyms.of thé rumen, but
adds that these. counts (1-2 billibn‘per wly) ave not‘menessérily'trué
total. counts, since an unknown percentage of organisms penetrate into or
become abbached to food particles.. Gall observes the wide disagreement in
the resulbs of the two observations and faéls that, &ince in‘her*e#periénce
rgther«dréship éhaking wag necessary to freé the bacteria i&mmxtha,fagd
par%icles, theée is a serious limitation in van der Wath's techmic: Using

an agar dilubion series, Hungate (1947}, calculated that the ori‘ginaﬁll

inoculum he used from the rumen of 8 cow conbained h0-60 million cellulose

digesting bacteria per nl. 'Hunga%a?s.wbrk yag concerned chiefly with
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cellulese dlgesﬁlon so the number reported does not represenﬁ total |
bacberial count- of the rumen examined, According o Bortyee et al (l?hé)
‘there. is a rapld increase in the mutibers of organisms present in the rumer
within 2 hours after the animals have been fed and these high counts are
waintained or increased for several, hours, after which the numbers gradual»
1y return to the range observed prlor to feeding.

Many . investigabors have felt that before a true picture of thé assimi-
lation of cvarbohydrates and proteln substitutes in the rumen can béV¢b~
tained; a kn6w1edgeumust be had of the functionai activities cP‘the»rumen
mlcfoerganlsms. Several aﬁbempts to obtain part of this knowledge by
direcd mlcrescoﬁlc observation of the charpcterigbics of the normal rumen,
microflora and wmierofauna have bgen made.,

Baker. (1942} found that rumen conbénts 9btained-from~slaughterh@use

material and from fistulated animals always contained protozoa of the

families Ophryoscoleeidae and Isotrichidag and a variety of bacterid which

stained blue when treated with iodine. These were (1) Oscillospira

guilliermondi Chatton and Perard; a colorless sporeforming ogcillariang
(2} a gianf spirilium divided‘internally by transverse septa inta’spheri;
cal or oveid compartmentss (3} large Sareinas (L) & navicular baetermum
farmlnw roqathes 01 5=-30 organisms; and (5} chalns of" ¢ogely,

. "~ Hungate (i9h3, 19b6) obtained from th& rumen, speeiés of protozda be-

longlng to the genera Blpledlnlum, Isotricha, and Entodlnlumg He showed

by culturlng these organisms 1n vmtre that they are capable of digesting

~cellulose‘
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Phillipson (1946}, studying the miereflora and microfauna of the

rumen of calves; found (1} ciliated protozoa which are indigenous to the

rﬂmeng-(a} péeudc yeéasts which he beélieved to:be Echizbsacﬁharomyces-ovis;
(3) lodophilli¢ bactéria; and {L} propienic acid bacteriay The finding of
a yeast is of interest ‘because Quin (1943} has indicated that 8. ovis
'nlays a. dominant role in the rapid evelution of gas in the fareustcmachs
af rum;nantﬁ afber ingestion of ducerne and hence may beuaq important
factér in‘theﬂpathogenesiﬁ of bloat when on this feed.

-Pounden - and Hibbs (19L8a, 19h8b}vstudied.tﬂe influénce of ration on
the morphological type of microorganisms present in the rumen of cattle,
and observed.a change in:micﬁoflera whert the animals wére ﬁékéncﬁff a‘@ru;
dominantly ‘grain ‘vation and put on one predominantly hay. Their “hay"
and "grain® flora weres

cretioo Hay floray CGroup I Qults large. gram pesitive ¢ocel in
' ' closely knit pairs;
Grovp IL. - Earge gram pesitive, thick; fairly :
square-andad rods.
Very largs gram negabive ci arqshaped
rods. ,
Smaller ‘gram negative: shert rods in
faur% mr nult¢ples 01 feur,
Grain floras Grouvp I Medlum sized, comparat1Vely thln, gram
: e v - positive rods (somewhat granular
staining and of variable length}
Group II - Cram négative rods resembling coli--
form bactarla,

From the evxdence presented, bhe follawimg'plcture takes form as e

assemble the facts about the ponulatlan of the ' rumen. Two™ types of.mlcroa

srganlsms are always present, pratOAea and bacterla @f varlous klnds. The
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protezoa were at one tlime assigned an important role in ruminant dLgGSthQ
untll defaunat:ng experiments with Cuﬁﬂu showed thalt digestion &f the
proteln and carbohydrate congbtituents was net ‘geriously 1mpairéd when a]l :
, pratozoa were removed {Becker, 1930, 1932), - The most pred@mmnatzng charac—’
teristic of |the bacteria as observed migroscopically is %heir:abilitj to
éiVe‘a blue color when stained with iodine, Baker (1942) has explained
this as being due to the presence within the bacteria .of "bacherial starch®
' or=granﬁloség‘ KLL of the majer‘morphélagicaljgrbups.@f=baeteria are found
iy thesruﬁeng: The most predominating shapes avé rods anﬁ‘cécai whiah~méy'
bazeiﬁher grém positive or gram negavive. Gomparing the work of Pounden
and Hibbgs, Phillipson, aﬁd'Béker, the possibility e#ists‘thaﬁ there is
ne#@f-a”“nqrmal” rumen flora dnd fauna bubt that ﬁhese‘vary‘ﬂith diety
different~anim3133 and- geographical 1®ca%iéna:'

r'-:In:addition’to'the abave work emphasizing the fleorva of the embire
rﬁmen, eértain invGStigaﬁeré have isolated single Qrganism§'from the rumien
and studied these organisms‘ég-ygggg;i Hopffe (1919}'isé;§bed‘fr0m the
rumen, a cellulose digesting Aspergillug, whidh she named Aspéfgﬁl;ps-
'cgilnIQSa@ Hopffa, ﬁPbehon'fl?Bh; 1935 and 1941} ¢ulturedvfromithé'@xi

sheepy antelope, and water buffale a eellulolytic basberium which he naméd

Plectridium cellulolyticum Pochon. - At first, it was very exacting in its
growth requirements but by a process of gradual acclimation, it Zequired
‘the ability to grow in a semi-synthetic medium, - Hungate (19hL) isolated

Ologtridium'cé}l@bioparuS‘Hungate from the rumen of cattles This organism

was easily isolabted and grew well in both gluceose and cellulose éédié; The
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growth requirements appeared Lo be satisfied by an inprgénic medium wiph
the addition of biotin and a qarbo,hydraﬁeT Even after four years of pure
eulture, no loss of ¢ellulose digesting capacity was obsérveda_ -
Hungate (19L7) alse isolated ten strains of cellulolytic rumen

bacteria from cattle? Of these, four strains were gram négative coeci and
six strains were gram nagative rod-ghaped bacteria. They stained readily
with carbol fuchsin but not with methylene blus. He believed thabt fer the
present it was preferable te delay naming the organisms until ﬁheirlcharaQw
teristics' could be- more completéely studied,. With later studies on one of

the rod-shaped strains, Hungate (1950} felt that this backerium could be

named,Bgctarqides §u§¢inqgenes.becauae ibtpeasessed the aharacteris@icé .

of the génus BaeieroideS‘and the ability to produce large amounts of éue«'

_einiec acid. | |
5ijpesteiin (19&8? obtained from the rumen of cattle two sbrainé’of

gram negativa; anaerobic oval bacteria to which she assigned the name

Ruminbbaétgrium paryums. This bagterium grew well on an inorganic‘medium
with a pH range of frem 6.0 to 6,9, At the same time, a cellulose~digest-

ing streptococcus was isolated from the rumen and named Ruminodoccus

flavefaciens Sijpesteijn. In her experimentation, she observed that‘R -".

flaveﬂaalens would develop better if grewn in the presenca of a synerg1st1c

bacterial species, Clestridium sporogenes. A1l her tests with thls organ-—

ism were subsequently carried owt with a mixed:cultureK It would seem that
this author has been careléss ¢oncerning the rules of btaxonomy by‘ereaﬁing

a new genus and species based solely on the results from impﬁpe cultur;egg~
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The reactions obtained from a mixed culture could never be as valid for
namihg an organism as those carried out on a single pure culiure,

A review of the 1itefature indicates that the greatest amaunb éf
1nvesﬁ1gatlon has been concerned with the rumen bacteria that attack ce1~
lulose, Since, as Narman and Fuller (1942} show, cellulose is the major .
;tructural constltuent of all plant material and probabily the most abundant
single organic compound known, this emphayis. on the digesbion of ceilulése'
by miecroorganisms present in the rﬁmen iz understandable. However, as
Hungate (1947} points out, there are at least 1000 non-¢ellulose fermenting |
bgﬁberia to every ceiiulose fermgnter@’ Véry imporﬁant reagtions other than
cellulose digestion are taking place in the rumen and thege are also being
carried out by the numerous microorganisms présent in this gymbiotic Té~
1atianshipg The various substrates are broken dewn by‘mierborganisms and
the products from this decompositiép (volatile and non-volatile acids) are
utiiizad not only by the ruminants bub aisn by ather bacteria pregent to
svnthe31ze numerous compoundsw Bomg of these, narbon diexide and nethang,
are lost from the digestive sysbem, but many others are ubilized by the .
host after further digestion. Wegner et g},(l9hl) showed‘that gix yltamins
of the B complex, namely, thiamine, rdboflavin, niecobinic aeid, pantethéniéh‘
acid,'pyridoxine, and biohin, are syntheéized in'the rumen of vattle fed
normal diets. FPhillipson (1946} demons trated the synthesis of warious mem-
bers of the B complex vitamins as well as,stargh and.glyémgen@ Qwen (19&7} :
points out that the rumen bacteria s&nthesizé‘pretein‘fvom ammomium‘nitfae

gen in the rumen and that they alse store carbohydrate in the form of
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bacterial'p@lyﬁaechafideﬁ,

The mutrition of the rumingnt closely pardllels rumen bacterial
nutrition and continued investigation into thé bacteria present as well as
their metabolism is required. beforg a true pleture can he ahtainéd'con; -

. cerning the more efficient feeding of the comﬁonndamesticgrumiﬁant aniﬁals;--
WATERTALS AND METHODS

The rumiﬁént used in this sbudy was a Rawboulllet ram gemerously
furnished by the Departmeﬂt of Animal Industry &%t Hentana State Collégew
Sheep were chosen for thig study‘becauseAOf their convenient size and
availability and because of thelp impertance in the ecenomy of Montanas
During the enbire period of experimentation the ram was on-a diet of
lmolésses-treaﬁed grain, some hayy and free aceess to green pasture and
éunninngaterﬁ

In ovder to étudy‘effe¢£ivé1y'thefmicréflora of fhe rumen: it is desiv-
able to have an quning.in the side of the animal throughfwhigh.experieu
meﬁtal material can be obtained. A rugen fistula was aétéblished’in'the',‘
rém vging the procedure veqommehﬁéd by Quin et al (1938}. The raéuired
gurgery wag performed by Dr..Hadleigh Marsh and Dr. Yee Seghebti .of the
Hlontana State follege Veberinary Research Taboratories, ‘In place of Quints '
éﬁémiﬁe fistula tube, a Ineite tube with a thréaded cap was subgtituteds
The cap allowed the enwviponment of the rumen tafbé maintained similar to
that of a nermal inbtaed rumen by preventing Uhe 1055 of rumen;contents ‘
and gases, HRumen contents were obtained by removing the cap from the plub‘

and inserting & leéngth of plastic tubing fitbed with a saetion bulb
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through the hole'and~intalthe rumen. The bulb and tubing were flushed

with rumen £flnid 2 or 3 timés te insure dnserobic collectichss The more-

fluid portion'qf ‘the rumen enn&ents was obtained by drawing the Liquid inﬁa.

the bulb and discharging it into a test tube which was filled to the brinm
| with the fInid and closed with a rubﬁer'stcpperal AX1 of thede procedures -
Wére-garrie& out with a minimum 6f exposure to air since it has beén £0und'
thaet many rumen microorganisms are rapidly killed in the presence of oxy~
gen. .
To duplicate the anaerobic envirenment of the organisms in the rumen,
it was advisable Lo maintain strict anaerdbic conditions wHile culburing
the microorganisms in vitro. Anserobic coriditions were maimbained'thrﬁugh@
-5ﬁt'all of. the dilution and ctltire prqcsduresq - The gterile waber blanks"
uscd for preparing the dilmtisvn and the bubes of media used for cilturing
were.flushed-W1th oxygens{ree carbon diexide both before and after inecila-
tz‘um.x Tha~carben-dio§ide wag made oxygeén froe by passing it through a-
chromows acid solution (Stone and Beeson, 1936; Hungate, 1950%. It was
found advisable to have %he carbon dloxide pass through two bottles of the
oxygen absorhent and to. equip the gag intake in the first botule wz@h &
51nmerad glass gas diffuger in order to prodyce a greater gas aurfaao ta '
‘the ahromous agid qolutlcm° The absorbent required replaclng apprOX1mabeLy
" onee a month§ '

Tﬁa'ﬂirsh-diluﬁion of the rumén flﬂid:waﬁ,madé by,adding;i ml to a

sterile 99 unl water blank whieh had been flushed with Carb@n dioxides-

The water blank was shaken v1garou by untit the conternts were thorouvhly

" “L“JJ O g
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‘mixed: One milliliter of this 1:100 dilution was transferred to a similar
99 ml water blank to give a. 1:10,000 or 10™Y dilution, = This procedure was
fepeated.unﬁil 1076 ana 1078 dilutions were obtained, The inoculations
inid_ﬁhe culture média were made from the 16‘2, the lO’hﬁ the 10"6, and
the 1070 gilution bottles,
The medium used for the 1n1t1al 0ulbure of the arganlsms was developed

by Gall (1946} and was composed of the follewing 1ngr@dient¢z

Peptone o 1.0%
Yeast extract 1.0%
Beef extract L:0%.
Tryptone 1,08
Glucose - L.0%
KZHPQE , 0.5%
Agar 1:5%

Distilled water

The mediﬁm was prepared and autoclaved at 120°¢ for 15 minutes in an
Erﬂenmeyer flask. At the same time, a can eontaining 6 x 5/80 pyrex test
tubes and the requlred number of rubber stoppers (Nos 0 placed in a deep
petrl dish wx& $ter1115ed. Just after the aubcc]ave door was opened,
the tesb tubes Were saaled with the rubber . sboppers. Using care, the tubes
could be ¢losed W1thmub 5nvurr1ng cwnhamnnatiuna

The medium‘in the flask was'kept.anaerabie while cooling by iniréq
ducing cafboh'diokide through a émraigh€ pas%éﬁf'ﬁipettea When the agar
had reached a temperature below 609G, enough sodiﬁm bicarbenate, which had
been sterilized by filtration to prevenb ﬁhermal decomp051tlon, was added
to make a conecentration of 0:0375 per cent This combination of carbon

1

ledee and sadlum blcarbonate‘buffered the medium at a pH of about 6.0,




LY

The pasteur pipeties were preparsd by plugging esch end Qf-a-iD om
glase tube with eetton and autocleving in a metal container. At the time
of use, the requiréd number and size of pipettes were drawn oub by heating
in a flame, | |

The next gtep was to transfer the medium from the Brlenmeyer flask
iyto the test tube. The stopper and top of -the test tube ﬁb be filled were
fiamed. . With the test tube placed between the palm and the third and
fourth fingers of the left ;‘.manrigt the:rubbef.atopper‘was remQVdeﬁith the
thumb and firgt finger of the seme hah&i Just:prior to and.during the
addition of the medium, the tube was flushed.with carbon dioxide to replace
.thé‘axygen‘and obher gases. present. A& paste&r:pi@ett@~émpleyed for thié
Hopafatian wag long encugh to extend at lsagt half way inbe the tube. Tﬁe
‘ plpette had been bent to an angle of abmub BOO and was sterilized by |
passing through a bunsen flame, .

About 10 ml of mediuﬁ was added to the tube. This quantity covered
the tip of the pasteur piﬁeﬁte fésulting in the formation of large carbon
+ dioxide~filled bubbles. - As the agar begsn to bubble, out ; the vubber stop-
per was replaced seéuxfely;, ,T-hié precauvtion insﬁre‘d the complete exelusion
of oxygen and an atmosphere of carbon dioxide. This procedure was repeated.
‘until all tubes were filled. The tubes of medium were piae@d in a 50%
water bath te keep the agsr ﬁélted uﬁtil time to inoculate. |

Tubes of media were inoculated with 0.1 or L.D mlialiqupts of the -
l@”zithfough lQ-8 dilutions gf rumen fluid; giving the Following dilution

series in the agar test tubess 107%; 10-3, 1074, 1075, 10-6, 1077, 1078,
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and 1077
Thé inoculated tubes were rapidly cooled under rumning cold wabers
By répeatedly inverting them during this orece s the medlum was kept floﬁ«
ing over all inner surfaces of: the tube and in. constant-métion until just
,b@fore the agar wag: ready Ew sate Tha tubes were. then momentarily inverued
for'tbe 1asc time;. forming & tlght geal af medium around ‘the stopper .and
leaving on the upper portion of the tube &4 thin £film of a’gar-medium which
almest instantly éolidifiedQ The tubes were held stationary in a slantlng
posiﬁion under'th@ cold watep tap‘unbil.the entire.tube'ef mediun had set,
Thls gave all degrees of thickness of the agar layer, varying from the
solld;butt to layers en1v~a fractlon of a millamater'thlck'an the upper-
pérﬁioﬁé¢ Gonslderable experlence w1th this technique was neaessary be~-
fore unlform results could be ebtalned The»gultureS‘wera.bhen incubated”
at 37% untll growlhh appearede | | | |
‘ Colonies appeared throughaut the madmumu REPfGSént&ElV& colonies.
wére plcked to fresh tupeq 0f.sbe;11e mad;aﬁ IL was. convenlent 0 choose
those aolonies: that develeéed‘ in. ‘bh(—-‘ thin opper per'bions af the A‘bubeqr :
These could be picked with 1esq chauce of vﬂeludlng cmntamlﬂantsu Pigking
' from thig ’ch:m aga:c* was cempax‘able to plckz.ng from a plate. The rubber
stopper Was-c¢re£uliy loosened and then remeved.by the palm,and fourtn
flnger of the rlght handw The se&ected cmlony~was.plcked*ua1ng a sterlle '
pastaur pipette, tha tip of which had been. bent at a 9@0 angle and broken
off sguarely abeut 5 mm béldw ‘the bend, Gentle suctlon was applied to the

. pipetbe through a rubber mouth tube as the.grewth w&s;p;qked»s The cOntents
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of thé pipette were discharged into another agar series or into a broth
medium..
EXPERIMENTAL RESULTS .

Aé has bagn indicated by many investigators, the population of the
microflora of the rumen is very large and quite varied. ' How much of
this'populapion is indigenous-and,héwvmany are merely “tfansienbs“ which ' o
were ingested with the feed is not known, .One must be aware that any
single organism obtained from the rumen wéuld therefore not necessarily 5el
performing_én.impartant function in the rumen but instead might be a
transient which had found & . temporarily favorable environment for growth,

To make suré that any organisms obtained from the ram were not Just
daily transments, it was advmsable to obtain cultures of thpsa erganisms’ x‘ ’
on various. days extending over a period of a week, The inoculation and ' i
culture of the Qrganlsms,on‘Ga;l's medium were made according te bthe
‘éfeviouslv described procedures. RepreSentatlve colnnleq of Lhe organlsms'
present were transferred to Gall's broth and Gall's agar and retransferred
until pure culbuges were assured. %hen isolated colonies were selected
fbr,picking, a puré culture was usually obtained within a relabively few
transfers. Of the cultures isolated, representative types were selected
‘fpr further studys .

The colenies which developed in the agar series were generally
'lenticuiar.in shape, The_brganisms.forming these colonies were gram posi-
tive cogol. Other distinctive colonies found ih’émailer numbers:exhibitéd

a very fuzzy or filamentods,appearance, The organisms were grgm.positive
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and formed long strands which broke inte short rods as the eculture aged.
Other morphological: types were also presenf-but their importance wag -
discounted -becauvge Of their small nunbers. - The two. types which appeared
16 be present in the greabest nmambers and ’c‘c; be the most représentative
were a gram positive rod and & gram positive coccus. Several isolahioﬁa'

of these predomingting types. of microprganisms wers selected for study s

(Table I,'e')’l‘ n
Table I
- Qrganisms selected for furtherrstqu
(ulture . : DBate Golony.. . .Grawm - . Cell. o
No. Isvlated Merphology Reaeblon Morphology  Dilutien
XiL 26-Ju1J h9 white, p051t1ve coscus 10~
- smooth L ‘
u3e - 29 duly 49 - white, pogitive . - coecus - - 1@"8 =
' smooth : :
w1 26 July Lo wnlte,  p6sitive: rod 120~7
' ¥ filamentous S cr . '
P61 29 July L9 .- white; . . positive . rod = - 1070 .
f;lamentous :

C,

The calmr af Gall's medlum obscured $ome of the reactinns necessamyf
for studylng the physlology of the organlsms iaelated, Theref@re, a
clear and mors nearly coLarlesa medium.was developed for use 1n further

culture wnrk. Thms medzum had the 1ollow1ng cqmpositmon._

0%

Nagl 0.6% Cagly 0.0
'(NH }2¢Qh ) L DelE CHeBG, .- . 0.002%
0, 0.05% Yeast extract 1.0%
I’HZPGl 6,054 : Glucose 0.5%
Mgb@h 0.01% LAgar 1.5%

Distilled water.
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" . For anderobic cultures the pH was buffered at 6.0 by the addition of

: O,QB?S% N&HGGB and an atmosphere of carbon dioxide. For aerobic use
the medium was adjusted to a pH 6.0 with 0.1 § stou before steri}izatioﬁo
This medium-was much simpler to prepare 4nd the organisms grew as well
in it as in Gall's medium. -
Description of coceus strains
Morphology. The coccus strains, X11 and U32, dre gram pesitive and

exhibit the irregular masses or groupings typical of the micrococti. Both
of these strains are facultatively anaerobic; growing equally well in an |
atmospﬁére of ecarbon dioxide or aerpbidally on agar sléntsm " The colbnies
afe White,.lenticular, and may reach a diameter of approximately 1 wmm in.
2b!hoursg Surface growth on an agar slanmt is filiform with a butyrous
Eqn$isténqys.

 Physiology. The ability to ferment various carbohydrates was deters
minéd in the simplified medium without agar by substituting the materiéi
bging tegted for,glucasaﬁ burham tubes were used té detect gas productiéni '
Acid.productiwn wa.s dgtermined with brem eredol purple indicator and.a qut
plate. ?he ability 0? the organisms to use NﬁbﬁzPOL nr_uréa.as-ausﬁle
source 6f nitrogen is a valuable test in ‘the classification of misrococcus—
like organisms. This was ascertained by use of ‘the medium recommended by
Hugker (192h),. The reactions upon mutrient gelatin and litmus milk were
also detérmined, and the reduction of nitrate to nitrite was measured by’
the addition of 1% KNOB to~t@¢ baéal médiumgs-Thé pﬁysielogieal reaciiéns

exhibited by these strains aré given in Table If e
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-Pable IX

Physiological reactions of culbures X¥11 and u3a

KL . Us2

NHhHéPGh s a‘séle'saurce of nitrogen - -
Urea as a seole source.of nitrogen - : -
Geléﬁin liguifaction . . "
Litmas milk. .+ dcidy coagulated no.change
Nitrates reduced to nitrites + . * .
Glueose: _ . acdd acid"
Maltose : ' : acld <, . acid
Lactoge’ ,l , acid - -
 LeXylose . _acid acid
_Glyéeréi acid | acid

. Arabinege | < | ~ . acld . © . meld
'SuchSe ' acid - acid
Levuloese . acid , acid.

| @-Mannitol L - o ‘,ﬁﬂiﬁ‘::
"5'ba_réﬁ . ’. - , S e

~ Cellulose o , - L -
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Summary of characteristics. These two orgamisms which are in all

respéqts'mo%phelogieally similar, differ physiologically in three reactions;

U32 produces no veactlen in litmus milk and in lactose, while X11 gives no
rééeti@n in.dnmannitqlT Although the morphelogical and physiologﬁcal‘
reactio#s‘ef thesé twe organisms indicate'that they might possibly be mems.
bers of the genus Yierococeus, it seemed advisable not ‘to attempt any
closer description, |

Description of rod organisms

Horphology. -The two strains of rod shaped organisms arve gram positive.

in young;cultures they appear in long strands which break up into.rod forms
after the culture is about five days old. The calonieﬁ‘graw vapidly,

| attaining a2 diameber of 2-3 mm in 2k hours. [The entire 'callomyv ig fila-
mentdug:wiﬁh ray-iike strands reaching out in all directions from a éampacﬁ
center, Both straing are strietly anaercbic and all tests were sarvied

. out in an,atmosphefe of carbon diexide..

Physiology. The physiclogical tésts-en.ﬂhese twe oréanisms.werg
carried 6uﬁ in the same medium as was used for the cgcéi with the exeeption
thﬁt rubbeyr stoppers wefa.used in place of cotton plugs. The physimlégicai
reactions exhibited by these strains are given in Table IIIL. |

Summary of charvacteristics, The two organisms exhibit the same
nharacterisﬁics except that in litmus milk Tl produces acid and curd with
reduction of litmus while WL} produces enly an acid reaction; and TAL

' gives no reaction in maliose whi;a WL producea aecid andxgasi
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-Table III

Physiolegieal reactions of cultures Wil and T61

Eitmas milk .

Nibrates‘redﬁcedlte
nitrites

- Gelatin

Glucose

Tevulose

Maltose

iactose

- d-Mannitol

" @lycerol-

" Buerosé

1;Ejlaae

Arabinose .

- Btarch

Cellulose

- Tél

acidy curd, reduction
of litmug in 1 wk,

-

acid, gas

acid, gas -

ke

.-

acid, gas .

o

why

acid, no curd, no
reduction of litmug

acid, gas
agid, gas
aeid, gas

agid, gas
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Further physiolegical studies

In addition to the-phyéiolugiéal'testsfpeﬁform@d on, these organismg
for taxonomic purposes; it was also fﬂund-adﬁisébie'tcllearn something.
about the reactions that ﬁhey~might-éa@ry'cuﬁ in the rumen, This coulkd
best be done by determining the products farﬁed»frOm the fermentation of
-giucgse, It -had been observed during the rouking fermbnﬁatiﬁn'tests that
the cocel pfoducéd only aeid from glueose whereas the rod shaped‘organismé
produced both aeid and gas. The identification of these ééid;c and gaseous
.fermenfatinn-products.wag attempted on one nmenber of ead&'bf thé two
mérpholbgical groupsy T6l and X1l

The quantity and type of gas produced from glucese by X1l was deters
mined in-a Smith fermentation tube centaining the basal medium With'é;S%J
glucosew No gas was present after an incubation period of L8 hours at
BYQGaiJThe sbsence of gas Production with %1l confirmed the-resulis obs
tained ‘in the original physiological -ﬁe'&ts-.._

,The'ém0un£~andvtype'cf agkd prééucéd frdm;glucosa'by ¥ was détgﬁu
mined 3.n ‘the basal medium With. 0.5% glucoses - The inoculated flask of
medium was incubdted at 37°C and checked for total acid-and'tgtal'valatile
acids present after 48 hours. | Total agid content was determined by titra—
tion using 098 I NaOH and phenol red as an indicator: The volatile acids
pregent in the medium were determined by first separating thén from the
culture medium by distillation and'ﬁhen-titraiiné‘wiﬁh Nabite

- The quantity and type of gas produced by %61 was deﬁépminad in énh

anaerobic fermentation tube cantaining'the‘basal'medium‘witﬁ O@5% glucose s




s
. The tubes were incubated at 379C. ' After LB hours, the pases present were
determined using the procedurefwecommendadrby YcBee and Speck (19&3F¢:
The enly gas produced was carbon dioxide.

The acids: produced by 6L in the basal medium with 0,5% gluceae was
détermlneduusxng the -game procedure‘as-abova except that the Ainoculated
mediﬁmfwas incubated in'a rubber stoppered round bottomed fiask under an
almesphere of -carbon dioxideé, Both total acidity and tobal volatile acids ‘
were determined. The resulbs of all thege analyses are shown in Table IV,

| _ -Pable IV
. heids and gag produced by XI1 and T61
ﬂﬁltume: .3 wbﬁalukGidS” Volatile Acids " Non-volatile Aelds - - Gas

L @lge . o083 . 192 - yome
- T61 29h .®bl  +253 e

#* Mlliiequxvalents of acid per 10 ml of sample.

Thc typé of volatile acld formed wa.s not determinedg but ib was
prubably‘acebic acld or a mlxture of acetic and Lormlc acidg. Ho charac~
teristle odor af butyrlc aemd was mbserved. The non~ve1at11€ aclds, |
acoounnlng‘for dpproxmmaﬁely 80 per cenb of the totai aOldltyg were riob
identlfled but would probably conﬁzst almost entirely of lacﬁia aeld.
Thls predomlnantlv lactic fermentation suggests that these organlsms
m&y‘carry out 1mperbant changes in bhe rumsng

Attempts to remsolate the arganlsm$ stu&xed _

After an 1nterva1 of nlne m@nths, attempts were made tm relsnlate

sxmilar'organlsms from another sheep, The madlnm and the technlques used,
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~were the sams as thnée employed. for the original isclations from tﬁe‘rémw
The animal was,a,Rambouillet:ewe,that had bgan on a- diet of alfalfs hay
| ﬁith.a_grain supplement, of oats, The vumen conternts were obbtained threugh
a fistula in g similar mammer as in the original raméi The merphology of

the bacteria found are listed in Table Vs ALl of these organisms colonies

were white ané‘reund with an entire edgey
\\..

~
N

ST . Table ¥ -

-Horphology of bacteria found from the second sheep examined

L Ba@e"f< . . . .o - ,Mbrphbidgy"'
28 February 1950.. . . - Gram positive cocei (not in chaing)
Gram negative rod ,
Gram posibive . -cdecel  (not in' chains)
28 Maren 1950. .. , ‘ Gram positive eoecl . {not in dhains)
Hram negatlve rod . C
29'Maréh 1956 : ' Gram negatlve coced: (in chains)
L : - @ram positive coeed - (not in chaing)
3L March 1950. ... . : Qram pesitive. coccli (mot im chains}
, ‘ Gram pesitive cocai (not in chains)
3 April 1950 B Gram.posiﬁive. cecci (not in ch&iﬁS)
, o ‘ Gram positive -~ coeci  (not in chains}

Some of these orgdnisms may have been gimilar 4o if npt identical "
with the micrococcus=like straing studied earlier; bubt the filamenbtous -

oyrganisms were not found..

i

DISCUSSTION -
. In this sevies of experiments, f@ur‘erg&ngsms\were gbudied which were
obtained from the rumen of a ram, The goccus Surains exh1b1Lud a greab

similarlty in beth their morphmlgglval and.physlolcgmcal testy tn the
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genus Micxto‘ccccus;_.. . Before.these -organisms ¢an be named a more tcompre~
hengive series: of tgsts should be carriéd oul. -

.The rod dr,ganism.s. were, on the other handy; mueh more diffioult to
classify. They gave a negative reaction when cultured on. wmany organie and
inorganic compounds and. therefore. it proved difficult to compare tﬁam with
any aifrganism&-»l':}nown at the present time. . -"They repembled specles of the
genus Aétinbmrées in their ability to develop -anasrobically and in the
charvacteristic of producing. long strands in young cultures, but ;u;j to this
time no members of A-Qtimg, ces bave been shewn e develop in k8 hours.

Elsden and Phillipson (1918} have stated that, "two c‘r‘iteria mst
bé':fulfilled before an organism can be $ald to be awfﬁnc’oi@nal mémber of
the rumen populations (a)} the orgavism must p.e‘rfsrm“a chemieal reaction
kno.m;x 49 ocour in the rumens and (b} the a;::'ganifsm nast .be prgsent in the
rumen in nugbers sufficient Lo peri“bz‘m this redction.h ‘

. The four girains that have been dlscusqed in thls paper were. all

obtained in a dllutlon above 19“‘7 In cther wcords L Xll wag fmmd in the
rumen in amounts of at least 1, oom 000,000 pey ml-of fluids U32, '
1(3)@ , 000,000 psr ml of .E‘luz.d, WhI and T61 in -ameunts of at ;Leasﬁ 10,000, 0@9
per ml cf Fluid, These counts are Yow bccause certaln percentages of the
bac heria found in the rumen are always intimately asqoc:a.ated with the food
‘ 3}ateria’l present ’ou"o they ax!e pfobably large er;e‘ugh o be glassed as a
‘suffieient- aurber -'to pérfcﬁ any *-eéet’iaﬁ :i‘.n the yumien.

From Table I%f in which. 2 suwey c&f Lha arlés pmduc:ed was: aﬁtempiad s

-.-Ir'.-

we. f:.nd that the velatile acmd produc’o:,on was m“b as: hlgh ax would have -




9.
been.expected from the large amounts of total acid production .shown in
"the.hablei This large amount of aecid pepresents generally fthe amount of
non*Qoiaﬁile acids produced. Bub since it hag been:shﬁwnlthat large
- quantities of propienic acid are formed in the rumen and that lactic agid
is its precursor these orgapisms could §bill be playing - an important ralé
in the rumen fermentabion. ‘
- In the atbempt to reisoldte the twh morpholeogical Fforms found at ﬁﬁe
:;start of the experlmentanlon, the mast commonly eceurring type was the.
gram positive cocecus. 81n¢e-the second animal was Living under different’
- ..enyirommental conditions-than the firsb, the -types of miér@organismaufomnd
i. would probably be much dif ferenﬁ, Nevertheless, .from the study it shaws
'hhaﬁ a predomlnatlng feature in the poptilation of rumen mieroflora is: the
.uaccurreace of the gram positive. eogei« The dbsence in the second animal
:effﬁﬁa‘mrganisms producing: large fuzzy colemies could rot be conclusive:
‘predf that thesé organisms were not important in the ruminant digestion
because the environment of the two animals was so much different. The
first,#nimai was housed during the months of July and August in an inclo~
‘sufe bhat allowed free sccess to running water. and green,pdéture.and:m&é:
- dilet was supplemented with molasses~treated grain, Burisg the experimentaw
tion period the fistula wound was noﬁ.healed and was very irritating to the
animal, The fistula plug could not . be kept An “place, resultlng in Lhe 1955
of 1arge quantities of the rumen oontentu,- The general health of the-
,_animal rapidly declined and he died approximately two weeks after the '

isolations were made. it appeared that déeath was 1arge1y’due 0 starvation
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because'of malfunction of tﬁe digestive system. For this reason the micros
organiémé found in the study on the vam can not be direegiy comparéd with
those‘feund in the second sheep_which was on a different diet, had perfect
healing of the rumen fistula and was generally in axcel&én%-healthﬁ The a
gecond sheep, a ewe, was fed a diet of hay with some grain édded;=but héd
no access to green feed or a molasses supplemsnt.

Slﬂce the conditions of experlmentatlon were o dlﬂferent one w@uld
naturally expect to find a wide varlaﬁion in the population ¢f rumen flora.
- SUMMARY

A’ general picture of ruminant digestien is presemteéAWiﬁh gmphasis
upon the microorganisms of the fore~stomach. These @icrqofganisms include
B both protozos and bacteria with the more important roles being played bj~.
the latters :The possible function' of -the micreflora in the rumen is dis~
-cussed, .

fA'precedurevfar the  culburing . of rumen organismg ander;anwatmqéphgréyofl
carbon dioxide is outlined, HsingAfhis'prbcedureﬂ‘ﬁeyr strains-représent~ '.
ing two morphelogical types'weré studied <~ two gram pesitive cosel and %@a
gran positive rb&s, Both mmrphOIOgical‘énd“physioiagigéi'tésts‘W@fe per~
formed on these four straing as wél; as a debermination of the total acid,
total volatile acid and gas production on one representative of each of .
the two morphological forms. |

The pogsible importance 6f-these fqur‘crganiéms in the rumen is dis-

T ougged,.
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