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IRTRODUCT ICR

One of the interesting aqymdiotic relationships in nature is that
exieting betueen the ruminants and their aicrobial population, This
errengamant has #0lved for thez the problem of existing on a herbtivoroua
diet. Most mammals can derive little benefit from the potantially avail-
able energy in plant msterials, which is locked in the complex, insoluhle
polysaccheride, cellulosa, Cellulase is not a maZxzalian enzyme, but it
is part of the chemical machinery of a mumber of bacteria, some species
of vhich reside in the runem,

The rumen has often been referred to as a "fermentation vat®,

Ko enzymes ars sscreted into this incubation chamber wvhich has a micro-
tdal population—consisting of protozoa and bacteria—of the order of
1030 cells per milliliter. The salivary glends secrete essentially a
d1lute salt solution consisting principally of socdium bicerbonate and
sodium phosphate. The plant magterials taken in are aixed with large
emunte of this. The result is an excellent medium for the organimme
vwhich are present and rapid fermsatation takes place.

Many different organisus are present and their biochemical actiw-
ities have not as yet bdeen cozmpletely delineated. All of the orgenisms
have not as yot been identified, nor their relative numbers sssessed
under different conditions. It is imown, howevser, that the cellulose
and other carbohydrates taken in are fermanted with the eventual forma-
tion of simple fatty acids and gases. These fatly acide are absorbed
through the mman wall, circulate to thé various tissues, and are there
oxidised. The tissues of rurinants are enxymatically better equipped
for the oxidation of fatty acids than-afe those of non-rumipents.



Another function of the rumen organisms is to provide nitrogen~
ous compounds and vitamins for their hoat. Their fate is eventually o
be destroyed by proteases as they pass out of the rumem as digestion
proceeds, For such a reason, ruminants can thrive on rations consisting
of hey and simple nitrogencus compounds such as urea or ammonia,

Rumen gases have been reported to consist of 67 per ceant carben
dioxide, 25 per cent methane, 6 per cent nitrogen, 0.1 per cent hydrogem
sulphide and less than 1 per cent oxygen (5). The main wolatile fatty
acids present in the ruman are acetic and propionic acids, vhich account
for 80 per cent of the total, Butyric acid is also present. The non-
volatile acid, lactic acid, is also known to be present, and it has deen
suggested that this is one source of acetie acid and earbon dioxide.

Investigations of the blocheamical activity of the ruman have
been carried out with the use of mixed, washed cell suspensions, vhich
is a valid approach to the study of the over—all physiology of this
organ, An extangive study of the individual orgenisms has not yet been
aade, Thim study has as its purpose the investigation of a rumen
bacteriumr, with the hope of learning its physiological characteristics,
some of its mutritional requiremeants, and placing it, if possible, in its
taxxgomic niche,



REVIEW OF LITERATURE

There has heen s great deal of intsrest in the microflora of
runingnts by bacterioclogists and nutritioniste alke. Moat of the publi-
cations concarning the bacteriology of both bovine and ovine rumans have
appeared since 1940. In their review of the bovine bacteriology,
covering a period of approximately ten years, Doetsch end Rovingon (9)
1list & bibliography of not less than 136 publications on this specifio
topice There is, admittedly, much yet to be learned. Five differwant
approaches have bean used: (1) microscopic methods, (2)° cultural
methods, (3) use of vashed suspansions of Nmen bacteria, - (4) artifi-
oial rumen techniques, end (5) ip Yiyg studies; and each has yielded
useful information, The physiological approach, using wvashed suspsnions
of resting cells, is probahly the most valuable aid in the study of ovar-
all function of the rumem,

The earlier cultural studies of this group were carried ocut with
the use of tecimiques for maintaining strict enasrobiosis at all steges
of the opsration. @Gsll, Stark and Loosli (13) deacribe a method of
taking rumen samplesa and pruparing culturea of the material which
stresses speed and the need for anaerobic conditions at all timee, Their
»edia contained tryptone, peptone, beef extract, glucose, yeast extract,
skin ailk, cellulose and phosphate bPufferi or glucose, tryptone, msat
infusion, tomato juice, cellulose and phosphate duffer. Bryant and
Burkey (4), in their studies of the bacteria in the bovine nmsen, alse
stressed the importeance of maintaining snaerodic conditions. Thedir
culture msdium contained rumen fluid, glucosse, cellobiose and agar (RCGA
medium) plus a complex mineral solutico and resasurin indicator. Doetasch,



Robinson and Shaw (10) also cerried out similar investigations. They
used a medium containing rumen fluid and inorganic salts, glucose,
cellobiose, an oxidation~reduction indicator and a carbon dioxide-
tdcarbonate buffering system, They also used a modified, commercially-
available medium (Zugon sgar, BEL) which did not contain rumen fluid,
From their studies they concluded that: (1) total counts varied 1little
evan vhen held as long as eight hours at rooca temperature, (2) aeration
of samples over pariods of up to four hours resulted in little change in
total counts, and (3) rumen fluid conteins uninown substances for
optimal grovth of some rumen bacteria. In a later publication, McNeill,
Doetach and Shaw (19) reported further on the requirsment for rmen
fluid in the matrition of rumen bacteria. They concluded that rumen
fluid served both as a scurce of nitrogsn and growth factors and that
the factors found in the rich nitrogencus material ordinarily used for
the cultivation of fastidious bacteria did not possess this stimilatory
effect, At a still later date, Gilroy and Doetsch (15) reported on a
outritionally rich medium that was ahle to support growth of all rumem
isoclates at a rate comparable to that of rumen fluid medium, and one
mediur that supported growth, but at a slower rate.

In 1951 Gall and Fuhtanen (12) published their criteria for
Judging a true rumsn organism. As a conclusion to their study of asbdout
5,000 isclates from the rumens of approximately 350 cattle and sheep
from several herds in thres states, they set up the following five
eriteria: (1) ansarobdosis, (2) preseoce in pumbers of one millioa or
mors per gram of fresh rumen contents, (3) isolation of a similar type
bacterium at least ten times from at lesst two anizmals, (4) imolation



from animales in at least two geographical locations, and (5) production
ty the organisms of end~products found in the rumen from subetrates
found in the rumsn, They also described soms of the physiological
cbaracteristics of five rumen bacteria.

In none of these studies, however, were the organisms cultured,
studied and identified. Morphology, gram reaction, a few pbotographs
and a suggested resemblance to some group was the extent of their
descriptions.

The greatest preoccupation has been with the organisms producing
cellulose-digesting ensymes. Thie group has been studied almost to the
exclusion of other flora which may be present. Not until quite recently
bave there been reports of studies of other groups believed to play
important roles in rumen fermentations

Hungate, Dougherty, Bryant and Cello (16) in a series of ten ex-
periments using fistulated and non-fistulated sheep, concluded that an
excess of grain or glucose introduced into the rumen ceused a marked
change in the rumen microflora and the composition of the fluids. They
reported a relative increase in the numbers of gram positive bacteria,
an accumlation of non-volatile acids and a reduction in volatile acida.
They believed Sireptococcus ovip to be the organism ususlly responsible
for the high acidity (pH 4.1-4.7) of the rumen contents, especially that
produced shortly after the feedings. One caae, bowever, ahowed the pre-
dominant organiam to be a gramepositive rod wvhich was facultatively ana-
erobic and catalase negative., The orgatism was placed in the genus
Lactobacillug and ita characteristics suggested a relationship to [.
brevia.



An increasing number of reports have appeared in the literature
relative to rumen lectobacilli, Mann and Oxford (18) in England isolated
13 gram-pcsitive rods in the course of antibilotic feeding trials with
young celves, Ten of the isolates were found to be catalase negative
‘and were studied further by methods suitable for lactobacilli, Four
isolates proved to be L. krgvis, three were provisiornally identified as
anasrobic variants of L. laciif. The remaining threo were motile, homo-
fermentative and mannitol-fermenting, and could not be identified with
any knowe species of lactobacilli, Their ideptifications were made on
the basis of morphology and biochemical reactions.

The authenticity of the lactobacilli as "true® rumean inhabitents
of the calf rumen might be questioned by some, However, Wasserman,
Seeley and Loosli (23) reported on isclations they made from rumsa
liquor at dilutions of 107 or greater fron mature nminants, These
anirmals had been on a ureg-imolasses supplenented ration., Their madium
was a relatively simple one, containing yeast extract, glucose, ammonium
chloride, cysteine, phosphate buffer and salts. From the results of their
study of the physioclogy and mutritioral requirements of their isolates,
they concluded that they were variants of L. hifidus, differing from the
type species by certain significant characteristics., They believed the
relative simplicity of the nutritional rejuiremants and the occuresce of
these organiems in animale receiving non-protein nitrogen and soluble
carbohydrates to be significant. These organisms may be important as
converters of non-protein nitrogen to protein nitrogen in the ruminant.,

At Wisconsin, Baman and Foster (1) studied the characteristics
of organisms isclated from the rumana,of cows fed high and low rvughage



rations. There had been previous reports of changes in the ratio of
acetic acid to other rumen acids with a change in the ¢ype of ration fed,
4his change being reflected in the amount of butter fat found in milk
from cows on such experimental diets. This prompted the asbove study,
Their cultures were maintained under reducing conditions and carbohydrate
ferventations were determined by observing an indicator (brom cresol
purple) added to the medis. In addition, a fermentation train was used
to characterize the products of dextrose dissimilation. These cultures
wvare also maintained under anaerobic conditioms. The rod cultures
is0lated from cows on high roughage diets were found to ferment dextrose
almost entirely to acetic acid and lactic acid in a molar ratio of 2il,
with only traces of acetoin and carbon dioxide. This suggested to them
the possibility of cardbon dioxide fixation, which has been previously
reported to occur with rumen organiasms,

In contrast to the above report on rumsn lactobacilli associated
vith animals on a high roughage diet, Briggs (3) reported an increase of
lactobacilli when the ration contained a high amount of concentrates.

Parhaps the most extensive investigation of rumen lactobacilli
was that of Jensen, Smith, Edmondson and Marilan (17). They studied 168
cultures and identified 155 of them. Seven spscies were represented: [,
acidopbiluz (12), L. dxmvis (5), L. luchnerd (30), L. sasal (4), L. sased
(on-lactose fermenting) (46), L. Larmentd (6), and L. plaptaruam (52).
L._acldophilup ard L. caael were suspected of being passengers only.
Physiology was the basis for classificatdon.

Some of the lactobacilli have been accused of being detrimental
to their hosts. Rodwell (21) made inyestigations of bacteria isolated



from horse stomachs and sheep rumen contents, which possessed active
amino acid decarboxylases, Ueing manometric techniques, he found that
several of the strains of lactobacilli were able to decarboxylate histi-
dine at a Mgh rate. Dain, Neal and Dougherty (8) implicated hietamine,
because of its ability to inhibit rumen motility, as one of the causes
of 11Iness and fatalities in over-fed sheep, They reported an increase
of histamine formation when the pH of the ingesta fell below 5.0. Below
a pH of 4.5 histamine concentrations reached levels high enough to ceuse
death of the animal,

A recent and interesting report on the mitrition of lactic acid
bacteria has come from an English group. Ford, Perry and Briggs (11),
working at the National Institute for Research in Dairying, at the
University of Reading, selected about one quarter of some 350 strains of
streptococcl and 300 strasns of lactobacilli from cow and celf rumans as
representative and identified them, Their report concerned the pattezrm
of vitamin requirements of these organismas and their attempt to establish
to wvhat extent these patterns are characteristic of the species, They
state, also, that they have a longer-term objective——study of the
synbdotic interrelationships between the more important rumen species
and the mutritional factors which may determine the equilibriux between
assorted pcpulations presemt.

The four lactobacilli species included in the study were: L.
plaptarup (7 strains), L. Larmeptd (33 strains), L. acidephilua (19
strains), and L. cagel (17 strains). They found only L. plapianis to be
homogenous in respect to vitamin requiremsnts, Most of the rumen strains
of L. fermenil required vitanin Bg and riboflavin, in addition to



nicotinic acid, thiamine and pantothenic acid, which have been reported
as requiraments typical of this species. The vitamin requirenents of
the other three spacies seensd to be brovadly similar to the requirensnts
reported for a variety of non-rumen strains, Their variance with find-.
ings reported in other investigations, they felt, might bs attributed to
the anasrobic conditions under which their tests were conducted,

The potantial value of such comparative mutrition in the study of
bacterial taxonony seems promising, In fact, Professor Carl 8, Pederson,
in his description of the genus Lactobacillug in the Seventh Edition of
Bergey's Manual of Determinative Bacteriology (2), has this to say about
the confusion which surrounds the taxonozmy of this gapuss ™It is impos-
sible to make an entirely satisfactory differentiation of the species 1n
the genus Lactobacillug due to the ivadequacy of cozparative data. The
end-products of fermentation, utiligation of carbon compounds snd tampar-
ature of growth are the criteria relied upon at present. It is quite
possible that when more comparative information is made available in
regard to nutritional patterns in defined media, serologicel resctions
and variations in sugar fermsntations, a more satisfactory arrangument

of species may be effected.”



PROCEEDURE AND RESULTS

The mixsd culture from which the organism under study wvas isolated,
ocntained both gran-positive and gram-negative forms, and a mold whieh
grev in a denss, heavy mat on the surface of the liquid medium, This
culture droth contsined the following ingredients per liter: nutrient
broth (Difco), 8 grams; yeast extract (Difco), 3 grame; dextroes, 25
grams; 100 =milliliters of phosphate tuffer, which contasined 4.36 grame of
monopotaseiur phosphate and 10,59 grams of disodium phospbate per liter;
end distilled water to make one liter, Successive transfers in this same
mediun gave good grovth of all forms present,

The mold was particularly troublesome when attempts were made to
isolate the bacterial speciee present in the culture., In an effort %o
econtrol its growth, the use of sorbic acid seamed feasible, 7This unsat-
urated fatty acid ie used to curdb the development of a mumber of sush
Species in dairy end other food products. It has been reported to de
ineffective against catalase-negative bacteria and even actually stiml-
atory to eome strains of lactobacilli. Because sorbic acid bas a low
aquecus solubility, a ten per cent solution of sodium sorbate wvas pre-
pared, filter sterilized, and added aseptically to the culture medium
descridbed above, in concentratione of 0.01 and 0.1l per cemt. Mold
control was effective at both concentratione and bacterial growth seamed
to be stimlated,

Final isoclation of the bacterium.wase made in soft agar shake
culturee. To the madium previously described vas added 0.5 per cent agar.
Tutes of the medium were sterilized and cooled to 45 degrsee centigrade,
and inoculated by dropwise dilution transfers.



When well-isolated colories had developed in a tube, the culture
was expelled into a sterile Petri dish and individual colonies were
picked into tubes of thioglycollate broth (Difce). In this zedium all of
the colonies developed below the oxidised layer. AC Medium (D4fco) wvas
eleo used for subcultures, Gram stains vere made from these cultures and
they showed short, gram-positive rods, vhich did not form spores.

These characteristics suggested the possibility of the organism
being a lactobacillus., Since this group has marked acid tolerance, the
isolate was tested for its ability to ¢grow in en acid medium, A 50 per
cent solution of lactic acid was autoclaved and then edded aseptically
to thioglycollate broth in concentrations varying from sero to 1.0 per
cent, The organieme grew well in the acidified media, axnd subcultures
zade after a lapse of three days were successful.

A preliminary carbohydrate fermentation test was run, using the
four eugars, dextrose, sucrose, maltose and lactose. The basal medium
wvas a modified thioglycollate broth (EBEL Mo, 01-397). The carbohyirates
were added to this medium to give a final concentration of 1.0 per cemt.
Brom cresol purple indicator, pH renge of 5.2+6.8, was added to the
@sdium and Durhar tubes were included for detection of gas production,
Fermentation of dextrose, gucrose end maltces, but not lactose, wvas evi-
denced bty a change in color of the pH indicator. No gas was observed in
the Durhan tubes,

The use of a s0lid mediun seemed desirable for the isolation of
individual colonies and the determination of catalase production,
Several commercially—available media have been recommanied for the culti-
vation of lactobacilli. Four of these were tried: Tomato Juice Agar
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(Difco), Trypsin Digeet Agar (Difco), Tryptone Glucose Extract Agar
(Difco), and L Agar (BEL). Tomato Juice Agsr gave the best surface
grovth vhen the cultures were incubated asrobically. Colonies developed
more slowly on Trypsin Digest Agar. Growvth on both of these media waus
improved by incubating the culturee in a candle jarj colonies them would
appear in 24 to 48 hours. The other two media produced pin-point coleniee
only, after one veek's incubation.

Satisfactory surface growth for detecting catalase production wes
obtained on Tomato Juice Agar plates. A solution of hydrogem peroxide
wvas dropped on the colonies being tested. The organism of tbis study was
found to be catalase negative, as indicated by the absence of bubblee,
Control cultures of catalase-positive organisms were also tested.

On the basis of the evidence accumilated thus far—a gram-positive,
non=gporulating, acid=-tolerant rod that was catalase negative and anger-
obic to microaerophilic--the organism was tentatively placed in the genus
Laciobacillna.

Beceuge lactobacilli are well-imown for their role in the ferman~
tation of silage, and the use of this fodder in the rations of ruminants,
a parallel study of an isolate from thie scurce sesemed to be of interest.

A sample of good quality corn silage that had been stored in an
upright silo for a period of about six months was obteined. The sample
vas collected in a sterile container from a layer several inchee below
the sxrface. A portion of the silage was rezoved vith sterile tweesers
to a flask containing sterile, peptone-buffered, distilled wvater. The
contents were thoroughly shaken and samples of the supernatant fluid were
plated out on Tomato Juice Agar. The mixture was then allowed to steep
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for approximately 12 hours at room Cemperature. Samples of the liquid
portion vere then streaked out on Tomato Juice Agar. Colonies of grem—
poeitive, catslase-negative roda wers successfully isclated from ths
sdxture that had been stesped for 12 houra. Typical colonies were picked
into tubes of sterile nutrient broth, diluted, and again atreaked cut on
Tomato Juice Agar. Gram stains were again mede and the colonies reteated
for catalase production. Thia isoclate proved to be a ahort, grem-poaitive,
non-gporulating rod which did not produce catalase. It, too, was provie
sionally placed in the genua Lgctobacillus.

Yor further studies, atock culturea ©f the rumen strain end the
silege atrain were made by replating twice on Tomato Juice Agar to
secure vell-isolated colonies which were transferred to tubes of thiogly-
collate broth containing 0.1 per cent caleium cardonate. Theae cultures
were incubdbated at room temperature. Imedlately prior to uee of the
atock culturea, a tranefer waa made for a new atock culture,

Jensen, Smith, Edmondson and Merilan (17) report the uae of V-8
Juice agar in their studiea of rumen lactobacilli, Thia medium proved %o
be superior to Tomato Juice Agar in these studies, and the use of Tomato
Juice Agar vas discontinued in favor of the V-8 juice medium, A V-8 juice
btroth, prepared by the same formula, with agar omitted, proved to be very
eofficlient when rapid growth of a large number of cella was deaired. Incu-
bation in an atmosphers of increased carbon dioxide tenaiom did mot
enhance growth on the V-8 juice medium.

On the basis of Costilow and Pumphreys'! report (7), of nitrate
reduction by certain atrains of lactobacilli atudied by them, the Sevemth
Edition of Bergey'a Manual of Determinative Bacteriology (2) has included
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the following revision in the description of the genus Lagciobacillugs
"Nitrates are not reduced except under certain conditions with [acie~
bacillus plantarup." Indoleslitrite Msdium (EBL) and Kitrate Broth
(Difco) with agar and yeast extract added were used to test the nitrate-
reducing ability of the rumen and eilage organisms. The rumsn strain
gave positive results repeatedly in both media after an incubation pericd
of three days at 37 degrees centigrade. The silage strain was consistent
in not reducing nitrate in either of the two media., All cultures showed
good grovth., The test reagents used were sulphanilic acid and alpha~
papthylemine (6). 2Zinc dust was added to cultures giving a negative test
to confira the presence of residual nitrate. Uninoculated controls wvere
incubated along with the cultures being tested. These controls were
negative for the presence of nitrite.

The nitrate reduction tests were repeated, using in this series
Indole-Nitrite Msdium containing agar and Indole-Nitrite Medium witbout
agar. Four cultures of each organism were tested for nitrate reduction
in each medium, with the following results: all cultures of the silage
strein were negative; all cultures of the rumsn organism in the agar-
oontaining medium were positive; two of the cultures of the rumen strain
in the mediun not containing agar were also positive. These results vere
obtained after an incubation time of three days at a Camperature of 37
degrees centigrade., At the end of a two-week period apother set of four
cultures, as described above, were examized. The results vere almost
identical with those obtained at three days. In all cases negative
controls vere included in the tests.

Since Costilow and Fumphreys observed nitrate reduction by their



L. Rlantanus #trains only under anasrobic conditions (recently beated
medium containing O.1 per cent agar), the ahdlity of this organism %0
reduce nitrate under apparently aerobtic corditions seened guryrising,.
Since the foregoing tests bad deen cerried cut in 16 by 155 millizstar
teat tudes half-filled vith the medium, 1t vas felt that perhaps suffi-
eiently anserobic conditions had been attained to satisfy such require~
omnts, Therefore, the following test ves set Up, Indole-iitrite Medium
vithout agar wves dispensed into 125 milliliter Erlenssyer flagks in the
folloving amountss 23 mi1lilitere, 50 mi11113ters, 75 milliliters, and
JO0 milliliters, Care was taken to assurs eapy-fitting cotton stoppers
end the medium was thoroughly agitated after autoclaviang, Cultures of
the runan organism were tested after three- gnd sir-deay incubation
periods at 37 degrees centigrade. All tests were negative for nitrate
reducticn and resicdual nitrate wvas presedt in all cultures.

Cultures in Indole-Nitrite Medium vare tested for indole produc-
tion, Al) were negative whem teated with Kowac's reagent (6).

Thiogel M»dium (BBL) wvas used to teat the ability t0 liquify
gelatin, Cultures of both organisms were negative after incubation for
a period of one month at room temperature,

A medium containing Casitone (Difec), 2.0 per centj daxtrose, 1.0
per cent; ferrous slfate, 0,02 per centj sodium sulfite, 0.04 per cent}
soddum thiosulfate, 0.008 par cent and agar, 0.)5 per cent; vas used to
test the rumen organism's eMlity to groduce. hydrogen gulfide. The
results wvare negative. The gilage orgedism wes not tested,

Both strains ahowed good grovth at 3V degrees eentigrade and qloo
at roor temparature, 28-30 degrees centigrade. In an effort to aosess



16

the tamperature limits of grovih, a loopful of stock culture wss trang-
fared to thioglycollate tzoth in screv cap tubes, These cultures were
incubated at 17 degrees centigrede and 45 degrees centigrade, In ordar
%o essure constant temperatures, the culture tubes were placed in half-
pint milk bottles which wers filled with water and fitted with collare
vhieh accvmmodated the diemeter of the tude, The tempersature of the
"water jacket" was alloved to equilitrate with that of the imcubator
before the cultures were placed in them, There was esoas grovth of both
strains at 17 degress centigrade and at 45 degrees centigrade.

The colomy eharacteristics of both etrains vere somsvhat similer,
Vban grown in V-8 juice byoth, both orgapisms produced a heavy, uniform
txrddity in 12 %o 24 bours. The cells of the rumsn organism sstiled out
in a few days, leaving a clear supernatant. In soms instances, the cells
would gather along the side of the culture tube in a gramular floe, Ths
silage strain, on the other band, produced a silky turbidity whieh
settled out more slowvly.

Onr the surface of V=8 juice agar both strains produced creas-
colored colonies which attained a slse of ome to two millimeters inm
diameter, The rusn strain formed gmooth colonies with raised centers.
The colonial type of the silage strmin was slso axcoth, but the surfaee
wvas flat, with the entire colony dbeing soamdat raised. In sudsurface
culCures doth streins grev into amooth, lens-ehaped colonies. 4ill
colopies became darker upom aeging.

An individual colonial pattern was shown by aither organism in
thioglycollate broth, The cwlonies grev dowmmrd from the point of
inoculation {n a streamer or "shooting star? effect. The rumen strain
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produced rough, granmular "tails", while the silage strain had a smooth,
8ilky "tailr,

Preliminary investigation showed that these organisms did not
peoduce any observable change in 1itmus milk., The organisas wvere them
retested in litms milk and the following variations of litmp milk:
litms allk + 1.0 per ocent daxtrose, litmus milk + 1.0 per camt Jeast
extract, and 1itms milk 4+ 1.0 per cent dextrose and 0.5 per cent yeast
extract (YGLM), Cultures of both organisms in each of the fouT media
were incubated at rvom temperature and observed at intervals of ome veek,
two weeks and four veeks., The results are compiled in Takle I.

R— v \- ¢ 2 P mmmnmnmﬂnm mx .V ———
tmps 1k Iitmas M

Litmis M1k * 100’ L 4 1.0’ b (A

o —dextroge _ yeasi extrack
81lage Strain

1 week N NC Ay=j Ryk Aty Rz

2 weeks o ¥ Ay=3 Ry% Ay+) Ry2

/, weeks . ¥ Ayt Ry Asd; Ry Ag+} Ryx
Rumen Strain

1 veek . ¢ Asdp Rot Ay} R,z Ap+} Ryt

2 weeks X As+} Ryx Aok} R.:z A,+p R4*

4 veeks x Agt] R+ Ast} R.: Ap+} 54»"

Amacid; Rereduction of litas} iwalight change; N(=no change

% lovar half of medium was reduced; sufficient acid had desn formed te
produce a soft eurd.

SNover hslf of msdium was redueed} sufficient acid had dean Lformed 0
produce a #0118 euxd,

A

An evaluation of the adequacy of some commercially-available putri.
tive subatances was made. PFour variations of gch substance was prepered
as followss (1) the mutritive substance alone, (2) the nutrdtive sube~
tance + 0.5 per cent dextross, (3) the mutritive substance + 0.5 per cent
dextrose + 0.1 per cent agar, and (4) the nutritive gubstance + 0,1 per
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cent agar. These media were inoculated with 0,1 milliliter of a salime
suspeneion of actively growing cells and incubated at 37 degrees centi~
grade. Growth wgs noted in all of the media, but the best growth was
observed in the media supplemsnted with dextross, or with dextroee and
agar. Since acid production is a convenient measure of the metabolism

of lactic organisms, the pR of the supplemented culturee vas measured with
a Beckman glags electrode pH meter after a g@rvvth period of ten days., The
resulte of this study are compdled in Table II.

In addition to the above, both organiems were tested for their
ability to grow in V-8 juice, diluted one tc five, and in Urea Broth
(Difco) supplemented with 1,0 per cent dextrose, Both streins were ahle
to grow vell in the diluted V-8 juice. The pH of the control vas 4.4.
The final pH of the culture of the rumsn organism was 3.8, and that of
the silage organiem, 3.,7. There vas some grovth of both strains in the
supplemented Urea Broth, btut the indicator (phencl red) did mot show a
change in pH,

Since some investigatore have attached significance to sodium
chloride and bile salt tolerance in the lactic acid organiens, it ecemed
of interest to determine the resistance or susceptibility of these two
strains. Using V-8 juice broth ae the basal medium, reagent grade sodium
chloride end Bacto Bile Salts (Difco) were used to prepere culture msdia
containing two per cent and four per cent concentrations of each. The
inoculum was a small loopful of a 4(8~-hour culteuve grown in V-8 juice
broth, Incubation was at room temperature., Both strains grew well $n
either concentration of sodium chloride, the gtlage orgeanism shoving a

relatively greater amount of growth, After 24 to 48 hours, a demnse



IABLE I, Orowth Reapopge to Vardous Nutritives

Silage Rumen
Mutritive Strain Strain
(pB) (pH)
Bacto Tryptone (Difco), 1%
Control bt ] 6.9 609
+ 0.5% dextrose 5¢5 6.6
4+ 0.5 dextrose + 0.1% agar 6.4 4.7
Bacto Tryptose (Difco), 1%
Control 6.7 6.7
4+ 0,5% dextrose 4.9 4.7
4+ 0.5% dextrose + 0.1% agar 6.0 4.
Bacto Casitone (Difco), 1%
Control 7.0 7.0
4+ 0,5% dextrose 7.1 6.5
+ 005’ dextyose + 001% aga!' 606 ‘.8
Neopeptone (Difco), 1%
Control ’ 6.6 6.6
+ 0,58 dextrose 6.7 4.5
4+ 0,58 dextrose + 0.1% agsr 52 4e2
Bacto Liver (Difco), 0.5%
Control 500 500
+ 0,58 dextrose 3.6 4.0
4+ 0.5% dextrose + 0.1% agar 4.8 4.0
Yeast Extract (Difco), 0.5%
Control 6.4 6.4
+ 0.5% dextrose 5.0 4.0
+ 0,5% dextrose + 0.1% agsr 5.7 4.0
Lactalysate (BBL), 1%
Control ’ 6.4 6.4
+ 0,5% dextrose 4.7 5.5
+ 0.5% dextroee + 0.1% agsr 5.3 5.3
Phytone (BEL), 1%
Conml ’ 6.8 6.8
+ 0,5% dextrose bed 5.0
+ 0.5% dextrose + 0.1% agar 4.9 4.1

»» Control=uninoculated media containing 0.9% daxtrose

precipitate appeared in the cultures containing bile salts, so that it

vas impogsible to detect turbidity due to bacterial growth. This



precipitate also interfered with a search for organisms in a vet mount,
Consequently, a test of survival of the organiam was resorted to. After
the precipitate had been thoroughly resuspended, a szall loopful of a 72-
bour culture was transferred into V-8 juice broth, The silage strain grew
well upon transfer from the media conteining both two and four per cent
bYle salts. The ruman strain failed to grow upon subcul ture,

Since these organisms did not produce acid in litmus milk, this
indicated that skim milk would not be a suitable medium for determining
the ratio of fixed to volatile acids produced by them, Instead, a form-
entation medium of the followving compoeition was useds V-8 juice (filt-
ered through gausze), 200 milliliters; tryptose (Difco), 5 grams; tryptone
(Difco), 5 grams; yeast extract (Difco), 5 grame; dextrose (Difco), 50
grame; and distilled water, 800 milliliters, The pH was adjusted to 6.8
6.9 with sodium hydroxide and the medium autoclaved at 15 pounds pressure
for 15 mirmutes, Five hundred milliliter flasks containing 400 milliliters
of the medium were inmoculated with 1,5 milliliters of a heavy grovwth of
the organiams groun in V-8 juice broth and the cultures were incubated at
room temperature for two weeks, At the end of this time total and vola-
tile acids were determined, The same determinations were made on a
portion of the medium reserved as a control. Total acidity was arrived
at by titrating a 10 milliliter portion of the culture with 0,1 normal
sodium dydroxide, using phsnolphthalein as the indicator. A 250 willi-
liter portion of the culture was steam distilled, and 100 milliliters of
the liter of distillate collected was titrated for wvolatile acidity.
Using the data obtained from this experiment, it. vas calculated that of
the total acid produced by the rumar strain, 18.3 per cent was volatile



21

acids 24.5 per cent of the total acid produced by the silage orgeriam
vas volatile with steam.

The V=8 juice medium described above was also uaesd to determine
the ¢type of lactic acid produced, Five hundred millsliter portions of
the medium were diepensed into one liter flasks, five grams of calcium
carbonate added, and the mixture autoclaved at 15 pounds pressure for 15
xinutes., Heavy inoculations were made from actively growing cultures of
organisms in V-8 juice medium, After two week's incubation at reom
temperature, lactic acid was recovered from the fermented mixtures and
the optical activity determined,

A 250 milliliter portion of the culture vas acidified with concen-
trated sulfuric acid to a pH of below 2.0, using thymol blue indicator.
The calcium eulfate precipitate was removed bty filtration with the aid of
suction, The filtrate was steam distilled until at least four times the
origingl volume was cocllected as distillate. The residue vas them
extracted with diethyl ether for 24 hours in a contimwus extraction
apparatus to recover the lactic acid present. Water was then added to
the ether extract and the ether evaporated off on a steam bath, Chemic-
ally pure sine carbonate was added in emcess, the solution boiled for 10
minmites, filtered, and the filtrate treated with a small amount of acti-
vated charcoal and again filtered, The filtered solution wvas evaporated
over beciling water until crystals of sinc lactate began to form., Etihyl
alcohol was added to give a concentration of 50 per cent and the mixture
vas placed in the refrigerator over nipht to complete crystallisation.

The sinc lactates were then filtered with suction, washed——first, with 95
per cent alcohol and then vith ether—and air dried. Samples of the



cryetals were weighed, dried over calcium chloride for 24 bhours, reweighed,
and then dried in an oven at 110 degrees centigrade for eight hours., The
samples were then weighed to determine the water of crystallization, The
per cent of water lost, as well as the crystalline form of the salt and
ite solubility, indicated inactive lactic acid. Solutions of the ealts
were inactive in the polarimeter, Both organisms had produced inactive
lactic acid,

A previous attempt to extract sufficient lactic acid from the
steam distillation residues bty sheking them with three changes of ether
had proved unsucceesful, Therefore, the longer, continuous ether extrace
tion was necessary to obtain the quantity of sinc lactates needed for
characterigation of the acid.

Carbon dioxide is one of the metabolic ¢fid~products of hetero-
fermantative lactobacilli. It is usually neceesary, however, to provide
special conditions for the detection of this product. The firet study of
gas production used the glucose-mutrient gelatin medium of Gibson and
Abdel-Mslek (14) supplemented with V-8 juice instead of tomato or ocabbage
Juice as they recommanded. The complete medium was dispensed in test
tubes, autoclaved for 15 mimites at 15 pounds preesure and then eooled to
45 degrees centigrade., Five cultures of each organism were prepared.
After a heavy seeding from a young culture which had been grown in V-8
Juice droth, the medium was overlayed with about two milliliters of two
per cent melted agar. The cultures were incubated at 37 degrees centi-
grede. Gae production was evident in some of the cultures within 24 hours.
After /B bours all of the cultures had produced sufficient gas to raise

the agar seals above the surface of the mediuus,



Both organigms were also tested for their ability to produce
visible gas in the V-8 juice fermentation medium described for ths
volatile-fixed acid study., In one trial the medium was dispensed in 18
by 150 millimeter test tubes with 10 by 75 millimeter Durham tubes included
for collecting gas. In the other trial the medium contained 1.5 per cent
agar and wvas used as a deep sealed with two per cent plain agar. Both
media were heavily inoculated with a young culture that had been grown
in V=8 juice btroth, Within 2/ hours both strains of the organiam vere
positive for gas production in both media, The s0lid mediur showed cracks
and disturbances in the agar and in some cases gas Lubhtles could be seen
escaping past the sgar sesl. In the 1liquid medium the Durham tubes wvere
half-filled with gas, This gas was completely absorbed upon the addition
of a solution of sodium hydroxide to the cultures. Gas production tests
were also positive in a V-8 juice agar medium to which the dextrose was
added after the othervise complete medium had been autoclaved,

Carbohydrate fermentations are used axtensively in the classifi-
cation of the lactobacilli, although there reportedly exists great vari-
ations in these traits, Both strains were tested for their ability to
ferment 18 differsnt carbohydrates, The basal medium contsined the
following ingredients per liter: Bacto Liver (Difco), 5 grams; tryptone
(Difco), 5 grams; tryptose (Difco), 5 grams; yeast extract (Difco), 5
grams; agar, 1.5 gramsj distilled water to make one liter. the pH was
adjusted to 6.,8<6,9 with aodium hydroxide and the medium dispensed into
tect tubes and autoclaved at 15 pounds pressure for 15 minutes. The
following carbohydrates were autoclaved in 20 pex cent solutions and

added aseptically to the basal msdium: dextrose, sucrose, lactose,
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mannitol, salicin, trehalose, cellobiose, rhamose, melibiose, raffinose
and melesitose, Ten per cent solutions of maltose, fructose, mannose,
arabinose and xylose were sterilized by Seits filter and added asepti-
cally to the basal mediun, Starch and glycerol were added directly to

the medium before autoclaving., All carbohydrates wers added in a quantity
to give a final concentration of one per cent and the finished media were
inecubated at 37 degrees centigrade for a minimum of 48 hours to assure
their sterility, To detect pH changes, brom crescl purple indicator vas
added to half of the media at the time of preparation., To offset the
poesibility that the indicator might have an inhibitory effect upon the
growth of the organisms, the other half of the media contained mo indi-
cator, The inoculum was 0.2 milliliter cf a saline suspension of young,
actively-growing cells from V-8 juice broth cultures. Each organisa ves
tested with each carbohydrate in qundruplicato! two tests being carried
out in the media with added indicator, and two in media without indiecator,
The cultures were incubated for a totel time of two weeks, the first week
at 37 degrees centigrade and the second week at 32 degrees centigrade.

The cultures were observed daily for the first week and the day on which
both tubes containing the indicator showed a dafinite color change was
noted, At the end of the sscond week the pH of all the cultures not eon~
taining the indicator was determined, using a Beckman glass electrode pE
meter. All of the cultures showved good growth and the pH determinations
of the duplicate cultures were in good agreement, Growth wvas consistently
more luxurious in media containing readily fermentable carbohydrates. The
results of the carbokydrate fermantation study ere summarised in Table
I11,



JAELE Ill. Fermenialdon.of Carbohvirates
Carbohydrate Bumen 8train Silage 8train
—JTented {£inal pE)
Basal - (609) - (6 9)
Arebinose - (6.7 - (6.8
CelloHose - (6.7 - (6. 8
Daxtrose + (3.8)) + (4. 1
Fructose + (4.3)1 + (4. W
Glycerol - (6.9 3 26 3;
Lactose + (5.3 - (6.8
Maltose + (4.9)4 + (4.2)1
Manni tol - (6.8 + (s. 5;
Mannose + (5.4 - (6.9
Melesitose - (6.9 - 26 .8
Melibiose + (4.0)3 + {4.5)2
Raffinose + (4.2)2 = (6-8
Rhamnose - 560 6.8)
Salicin - (6.6 - (6.9
Starch - (6.8 - (6.9
Sucrose + (3.8)3 ~ (6.7
Trehalose + (4.0)3 - (6.8
= + (3.8)1

Superscript indicstes day on which indicator showed definite change,

Because of the growing use of antibiotic-supplemented feeds, it
ssemed desirable to screen these organisms with several of the common
antibiotics. Bacto-Sensitivity Disks (Difco) containing dihydrostrep-
tomycin, penicillin, terramycin, chloromycetin and aureomycin in high
concentration were placed on plates of V-8 juice agar which had been
seeded with the organisms just prior to pouring., The silage strain was
reaistant to dihydrostreptomycin and terramycin, while the rumen organiam
was resistant to dihydrostreptomycin only. Both orgenisms showed sones
of inhibition about the other antibiotic-containing disks. COonclusions
can not be drawn as to the relative sensitivity of the organisms to the
antibiotice tested, since they were not subjected to the low and medium

concentrationse,



DISCUSSION AND CONCLUSIONS

The classification of these organisms with the aid of existing
keys poees some problems, The silage organism fits easily into the
genus Lagicbacillug. The organism from the rumen passes ell the tests
for edmission to the gemus zl1so0, with one exception--it reduces nitrate
to nitrite, The Seventh Edition of Bergey's Manual of Determinative
Bacteriology (2) makes this exception for one member of the genus, L.
Rlagtanum, which reduces nitrates "under certain conditions™. The
particular etrain being studied here is obviously not L. planiarup.
since it is definitely a heterofermentative organism. Aside from its
nitrate-reducing ability, this strain probably could be claseified as L.
fetmentd. Rogosa, Wiseman, Mitchell, Disraely and Beaman (22) made some
rather extensive studies in species differentiation of oral lactobacilli,
the results of which were published in 1953, On the basis of their inves-
tigations they recognize 12 variants of J. fexmeéntl. Comparing the carbo-
hydrate fermenting activities of this ruman organism with that of the 12
varieties reported by them, it sppears that it most closely resezhles
thedr Group Four variant, If growth at a temperature of 45 degrees centi-
grade 1s elso taken into account, there is more similarity to Qroup Five
eharacteristics.

The silage organism i1s not so easily claseified on the basis of its
fermantative abilities., 1It, too, 1s a heterofermantative organism. This
strain does not ferment arabinose, which would seem to place it in the [.
Lermenil eroup also. However, it does not ferment eucrose, lactose or
raffinose, which i1s characteristic of L. bkreyig,-sccording to Bergey's
Mamal of Determinative Bacteriology (2). They report that this species



usually shows a particularly vigorous fermentation of arabinocee, Rogosa,
Wiseman, Mitchell, Disraely and Beaman (22) included L. braYig in their
study aleo. The organism being studied here does not resemble any of
their four variante in all of ita fermsntation charactaristics. It
frankly does not have all the fermantation charactexristice to place it in
any of the other three heterofermentative spscies. Diaregarding its
inadility to ferment arabinose, it would seem that the silage organism
most closely resembles L. hrgvia, as descrided in Bergey's Manual of
Determinative Bacteriology (2).

It 1s possible, perbaps, to place too much empbasis upon finding
a precise location for an isolate within the rre-existing taxanomie
structure, If organisms must be classified, the framevork of classifi-
cation must be flexible encugh to accommodate the new members, especially
vhen the group is as widely distributed in natire as are the lactobacilli,
The present accepted division of the genus reécognizes 15 species, L) of
vhich are homofermentative and four that are hetexrcfermsntative, This 1s
considerahly mox'e narrov them that found in other genera whose membears
are of wide natural distribution.

The edmission of a nurber of nev apeciea to the group is probahly
not the answer, Perhaps it is necessary to find some clear-cut, stable
characteristics vhich are typical of a group and define the conditions
under which testa for these are carried ocut, The vitaxin and amino acid
requirements might be useful in conjunction with the present schems of
carbohydrate fermantations, It is to bs hoped that the efforts of the
various groups working on these problems may be .oorrolatod to tring abtous
soms satisfactory schems for those who must attempt, at least, % classify



thess organisms,

The lactobacilli have been given but little attention as rumen
organisma. When Gall and Fubtanen (12) set up their five criteria for
Judging a true rumen organism, they listed anaercbiosis as the first
sssential. The second of the requiremants was the prsssncs of the
organism in gumbers of at least one million per gram of fresh rumsn
contents. Rumen organiesms have, of course, all been introduced into
their present location from some cutside source. The ability to survive
and mltiply in their new location depends upon their ability to mset or
adapt to the challenge of their new environmsnt. The lactobacilli are
intimetely associated with ruminants, being well-kmown as inhabtitants of
scil, grain, plants and plant products, such as silages.

It vas not possible to determine the actual pumbers in which the
runen organism of this study wvas present in ths original material.
Jensen, Smith, Edmondeon and Merilan (17), however, in their studies of
rumen lactobacilli, reported various species present in mumbers which
varied from between ten to mors than 10,000,000 per gram of Tumen con-
tents. The variation in numbers appeared to be dependent upon ths medium
used in the isolations. Their report summarised the investigation of 168
different isolates from rumen fluid.

A possibls explanation for the lactobacilli being disregarded as
true ruman inhabitants, is the emphasis that has been placed on the main-
tenance of strict anaerobic conditions when culturing ruman material.
Though there have been anaerobic species of lactobacilli reported, the
majority of the group are considered to be microaerophilic.

laying aside the argument as to whether or not the lactobacilli



can survive and grow in the rumen, what might be the significsnce of
such organisms to their host? There is the danger of assuming that ip
Yiiro findings can he transferred directly to an ipn wiyp situation.
There is especial danger when the entire environment is in a dynamic
state, such as that of the rumen, The reactions which take place in the
convenient laboratory test tube mey be modified or completely changed by
factors entirely unsnspected as yet.

Sore general conclusions may be made as to the possible signifi-
cance of the two organisms that have bsen studied here. Both are capable
of producing considerable amounts of carbon dioxide and volatile acids,
as well as lactic acid, from dextrose, Several other carbohydrates are
also readily fermented by both organisms (Table III), The rumen strainm
appeared to function more effectively when anaerobic conditions were pro-
vided in the fermentation medium (Table II). The silage organism, on the
other hand, seemed to prefer a lese anaerobic environment. Starch would
not be a suitable carbohydrate source for theze baoteria; they would have
to depend upon associated organisms for the amylase to release for thenm
fermentadle substratess Urea does not seem to be an adequate nitrogen
source. The influence of the B vitamins on these organisms is reflected
in their acid-producing response to media containing yeast extract and
dextrose and/or liver extract and dextrose (Table II)., Plant products
seem to supply their nutritional requirements quite adequately, Judging
by the growth obtained in a medium consisting of omly diluted V-8 juice.
Phytope, a commercial soy bean preparation, also promoted luxuriant
growth, |

Under the conditions of the ip Yiirp tests, these organisms are



inhibited by certain of the antiblotics which are ueed in animal feeding,
and are not inhibited by others. To what extent thie 1s true jp viwvo
can not be ascertained without more axtensive tests,

Lewis (20) has reported the conversion of nitrate to ammonia in
the rumen, with nitrite being one of the probable intermediates. Large
amounts of nitrate in a ration cculd lead to en accumlation of nitrite
in the rumen, its abeorption, and methemoglobinemia as a consequencs,

A nitrate-~reducing strain of lactobacilli, such as the rumen strain
studied here, might be a contributing factor in such a chain of events.

Such lactobacilli, found in sufficient numbers in the rumen, may
be effective in converting soluble carbohydrates into fatty acids and
carbon dioxide. They are probably dependent upon associated organiems
for their vitamin requirements and a supply of fermentable carbohydrate,

but in turn, they provide for them, and their hoet, neceeeary fatty acids.
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