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STATEMENT OF PROBLEM

The primery objeot of the work herein reported was to determine the
general rslationships of cultures of lactobacilli that sctively cosgulats
litmus milk with redustion ¢f the litmus and the formation of a smooth curd.
lost of the cultures studied were isolated fram dalry products and such
other materiels as ensilage, corn stover, and oalf, dog, infant and rat feces,

However, oultures of L soidophilus end L. bulgarious were cbitained from

yarious lsborstories for comparative purpoges, The cultures were studied
partiaaw}.yﬁam the standpoint of their sotion in milk Mm of the
fmportance of the organisms in dairy products,
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The astion of the Lactobacillus group on milk proteins has been given
wnamm}siﬁ attention, since organisms included in this group or closely
related to it are lmown to exist in varicus types of cheese, BHastings, Lvans
and Hart (25) observed that eight cultures of lactobacilli, which they had
isolated, inorsased the soluble nitrogen after an incubation period of 5
nonthe., The soluble nitrogen weried fram 12.5 to 62.5 per cent over the
control. Kendall, Day and Walker (40) used amino seid nitrogen determinations
in measuring the extent of protein digestion by bacteria when grown in milk,

Evens, Hastings, and Hart (18), in their studies on the Basteriwum vasei

group, soncluded that these organisas were respomsible for the pungent flavor
that developed during the latter pert of the ripening period of raw or pasteur=
iged milk Cheddar cheese, Bldredge aud Rogers (16) reported, from their studies .

on the Swiss typs of cheess, that members of the Lactobacillus grou

present daring the ripening period. They noticed that aliwase 1ncking in

flavor &nd texture showed very few lactobacilli throughout the ripening,

Studies on the sulturel and physiological charssters indicated that many of

the orgenisms lsolated bslonged to the lamctobacilli of the bulgarisus gmum
}dredge snd Rogers (16) observed that spproximately 95 per sent of the

laotoss fermenting rods prodused carbon dioxide, in varying smownts, in suger
whey brothe |

Rahe {60) (61) attempted to meke & thorough study of a nuuber of lastoe
bacilli, on the basis of their action in milk and in & medium containing
maltose, However, his descriptions sare so inadequate that it is extremely
difficult to draw sny ocnelusions in regard to his work, o

The work of Evans, Hastings and Hart (18), Eldredge and Rogers (16),
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mw. (5) m z—m: m;h Bacillus hu;,; sous

in aeid soil (pH 5.0 to a.@) at 229 to z&% than at asﬁcn in spite ei‘ the
ﬁwrmpiﬁliu almmﬁw of the organism in laboratory medis, |

~ Orla=~densen (5?) divi&m ‘the lactic acid producing erganism into the
fﬁllming two groups: (a) Eed forms which bslmg o the gm 'rhamau
bacterium and mmmﬂam; iz: milic they form only traces of by-produots
in addition ta laptic acid ami are sgukan of as ﬂm ﬁm imi;ic aoid typea, |
{‘b) Rod !‘em whioh belong ﬁc.a the geners Eifmwbamrim am! Bemmtaﬂm;
iﬂ milk they form aypmiabia mma of gas and other by»pradneks in. aﬁdi«
tien to laetic socid. @rwmm mx*mtarizaﬁ the Mmamtﬁrim nrgmim
88 long re&a,, w&: grouped mmm-, nnd with the aypmanea of very long
thread«like Wﬂm ’%eaa mma with m@ﬁhy}.ma blue, ml species of
'fharmma%rim often srhm& éark granules, Orgenisms inﬁsm&eﬁ in the
gmms E’hmammw require & relatively high tampmmﬁ for grawl:h,
They ﬁxriw ‘baﬁ: at 409 to 509C,, a.né do not grow under & %:mpamtm of
aa‘?e,. 'ﬁwy forn eww laevo or imﬁw lactic miﬁ, umek main, and play
an imgartant p&zﬁs in the ripamdmg of thv ?hamnm%rim ‘

&s&l&h@ﬁ frm mm‘% forms ‘mm lastic aoid ma vory elaaﬂy aﬂ,sz:uyg am:
granules in the cells. @rganim be}.angmg to the g:am w 8.

valse be found in human and animal feces. -
Allen (2), in 1919, reported the isclation of several orgsnisms, that

were ldentical with Emi}.ms wmi_ 1lus, from the viscous starch and gluten

liguors obbained i.n t}m wot W@se of mammre of z;reﬁazats fron aam.
He did not give s desoription of his wgmim or of the method used in

isoletion,



wl B

OrlasJensen (56) stated that he had never suceeseded in finding Thermow

bacterium bulgaricum in the feces of adults, even after lerge doses of
In some notes on the lactebacilli, Sherman (66) pointed out that

Lectobaoillus bulgarious did not grow at 16°C. and very slowly or ot at

all below 20%., while lLaotobaoillus oased and Leotobacillus acidophilus

grew et 20°C, This was the first ettempt to separabs these organisme on
the basis of growth temperatures,
Jotten (38) carrisd out fermentation end serological studies and cbe

served that Lactobmoillue acidophilus and Doderlein's "waginal baoillus®
formented glucose, levulose, lactome, sucrose, maltose, and mannitol, He
noted that the morphological and cultural cheracteristics of the two
orgenisma were identioml, His serological studies also indiceted that the
organisns were the same. In his complement fixation studies, JOtten obtained
armufmfhim with the sera and antigens of both species, However, he did
not give somplete details ms to the technie followsd,

Weigmam (80), in 1926, investizeted the breakdown of casein in milk
by the lactobecilli. Bis results showed that the soluble nitrogsnous products,
. guch as amino acids, inersased and had e marked influence on the charactere
igtic fluvor of cheess. -

Kulp and Rettger (46) mude a comprehensive study in the !mpe of aif-

ferentiating betwsen Lactobacillus scidophilus and Lactobasillus bulgericus
by the action of the organisms on maltose, sucrose and unheated levulose, They
observed that lastobmoillus acidophilus fermented levulose, maltose and

suoross while lLactcbscillus bulgarious did not ferment lsvulese but did
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fsmam maltose snd sucrose, Kulp and Retiger further reported that the
organisms proteolyszed from 2.0 to 6.0 per sent of the milk proteins; this

’WE& ealoulated as the residual nimgan after the peptone m’d: diamino nitrogen
had been determined, An nﬁt&@t m also mads to study i:ha reactions zef the
sers of two lots of rabbits. One group had been imumised sgainst Laotos
mnxwm mi&nym}.na and the other against Lactebasillus bulgarisus by
intravenous injections of @a&ma éf these e:@imu The hggiutimtim

tests wore unsuscessful, due to spontaneous apgliutination of the antigens,
Gmplm fixation studies were also attempted. The results showed &
aross=fization between heterclogous immune sers snd antigens. Quantitetive
dsfferemoos were evident in some oases, but these seemed to be no greater than
would be myeem between different strains of the same spesles, Ho mp&&ﬁe
ém;).s were given as i:n the *&aﬂimia followed.

Pure wlms of mmei.ﬂm acidephilus were obtained by Kulp and
Rettger (46) from rat feces by direet plating, after liberal feeding of

dextrin or lantose, and by using Heymenn's glucose acetic acid broth as an
enrichment medium, without cerbohyd:

ate feeding. Mi the strains of m
bacillus aeiﬂ%@}m used in m studies of Bulp and Rettger were isolated

from typlosl colonies, These investigators reported that the growth of

, néd Laotobacillus bnzﬁariam was very slow at
29“ %o 365@ At mmiﬂ mmm&i one lactobacillve bulgarisus aulture
curdled milk in 12 days while two oultures curdled milk in 30 days; nome of

the other strains pmﬁw & ourd and only a few caused a reddening of f_s?::ay
litmus,e ‘
Cannon (11) used the seme prineiple as Eulp and RBetiger in isolmbing
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lactobacilli from fecal meterial. He isolated 64 strains from feces of
adults, by using 0.26 per mﬁ ﬁﬁaﬁﬂ aoid dextrose infusion broth with & pH
of 5,0, Trsnsfers were made three times &t 24 hour intervals befors plating
on whey or ,amcnkmat agar.

In 1924, Melntosh, Jemes and Lazarus-Barlow (50) compared the sgglutinie
tion resctions of lastobacillus scidophilus isclated from demtal ouries,

snd lactobacillus sod lophilus obtained from the intestinal tract. These

investigators cbtained eroas agglutination of the two groups of organisms,
In many instances, the results of the agzlubinetion reactions indicated a
olose similiarity

ween the two groups.
Kendall and Haner (41), in their study of the nitrogen and oarbohydrate
metabolism of wvarious straine of Becillus scidophilus, indicated thet these

orgenisms, when grown for a long time on artificlal media, showsd an inoreassd
acid production freom carbohydrates and also that these organisms were ine
gapable of ubilising pm'min or the higher decompogition products of protein.
Wakaman and Lomanits (70) indioated that, beoause of the less vigorous
formation of smmonia in the presense of wbnmﬂmm, ammonie production
serves as & good index of proteolysis only when no available carbohydrates
are present. They suggested thet in the presence of carbohydrates a study
of smmonis produstion should be supplemented by & study of the formation of
ET—— .
In isolating lactobacilli from the feces of calves, Orcutt (54) suggested
agar plus horse blood, adjusted to & pH of 6.8 to 5.0,

the use of stex
In this medimm, he found that Bsoillus scidophilus colonies formed mmall

greenish gones,
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Sherman and Stark {67) studied the distribution of the lactobasillus
group of organisms, with partieular reference to dairy products. They ree

ported a predominance of lectobacillus casel, as compared to lactobasillus
bulparicus or Laotcbacillus seidophilus, in both grade A and ordinary milk,

Of the grade A samples, 71 per vent contsined Laotobecillus cagel in numbers

as great as 1 per oo., while only 12 per cent contained wwmnaa bnlwaag

or Lactobecillus scidophilus in 1like mumbers. In the ordinary milk, Lacto-

beoillus oasei was present in 94 per cent of the samples in mumbers in ezcese

of 10 per coa., while 2.3 per cent of the semples conteined the other lamctos
baeilli in like numbers. Sherman and Stark further observed that lactos
~ bacillus bulgaricus snd Lsotobacillus scidophilus grew at 46%.; Leoto-

bacillus cagel did not grow at this tempersture but grew well et 15%,.;

the other two types showed no growth at 15°C,, even after prolonged inoubstion,
The temperature relationships thus offer another means of differsntisting
certain of the lactobacilli,

Hyde (36), in 1927, comcluded that the Isctobacillus types which sre
fmportant in milk are able to break down the milk proteins with s correspond-
ing inoremse in the soluble nitrogen; this sccurred with snd without the
addition of calcium carbomate to the milk. No apprecieble differences were
noted, as far as the solubls nitrogen production was concerned, among the
wariocus types of lactobacilli studied,

Kopeloff and Bass (43), in 1927, reported that three oultures of lacto-
baoillus scidophilus gave dextro lactic acid in excess of laevo, Hyde and
Barmer (37) studied 12 cultures of lactobacilli, 7 of which were isolated

from sources that would be expected to yield Lmctobmcillus scidophilus,



w3 B

whiles § were oblained from cemmerecial or research laborstories, The lactio
scid produced varied from prastically pure active to practically pure ine
active; the active acid was dextro rotetory in ell cases.

Morishite (52) attempted ,%,,,,ag differences bstween Lactobacillus

acidophilus and the orgenisms of dental caries by sgzlutination reactions.

Hie clajmed that there wes no cross agglutination betwsen the two groups in
dilutions of

mmme gora higher than 1:1000, while both groups were sgglutinated
by thelr homologous sera. ,

 Peterson, Pruess, end Pred (59) studied the proteclytic action of 22
strains of lactobaeilli in milk by measuring the production of noneprotein
nitrogen and amino nitrogen. They found that the none-protein nitrogen was
the most abundant form of nitrogen produced, although in some cases there
wg 8 deorease rather than an inorease of this constituent. The amino
ﬁwgﬁ increaged to & certain point and thenm deoreased.

Albus and Holm (1) wers the first to study the growth of lastobacillus

soide .wwg and mmaggwwwg bulgarious in media of lowered surface tension.

Using the dropeweight method for measuring the surfmoce tension, they found
that lactobacillus bulparicus did not grow when the surface tension of the

medium was depresssd by sodium ricincleste to lese than 40 Gynes. Hyde (38)
gtudied 12 soecalled Lactobamoillus acidophilus oultures and obiained varisble

results with respeot to growth in a medium at a surface tension of 37.4 dynes.
Dey aund Gibbs (15) did mot agree with Fulp and Retbger in regard to the
fermsntation reactions of lactobsoillus acidophilus and laotobacillus

ylgarious on maltoss, suerase end levulose as & mesns of distinguishing

between the two specles. They also felt that surface tension methods were
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gﬁ«a mﬂ. %&gw?ﬁwm these organisme and that whatever differences

S were obtained were dus .ae the gwam toxio action of the surface tension

a&wﬁgw
The work of Kulp (44) indiosted that there sre a@@;ﬁ of the mﬁﬁ
ga«a&wwwﬁ which appear to lie midway between w%mwﬁ.w ggwwwg .

hilus and %ﬁ@w ?m&%ﬁawﬁg g twﬁ.waﬁ This investigator obaerved

aeveral of these g».m%.wg uﬁ%&,ﬁg ﬁﬂwaw norphologioally and oculturally
resenbled the above organisms, although their growth in culture media wms
wvery heavy as comparsd to either of the two species, Xulp indicated that
there is & mearked difference in growth between w&ﬁgwiﬁwwﬁ ggﬁm philus

and lactobacillus bulgaricus but that it should not be given much considere

_ tion ae & differsntial charecteristics The borderline organisms failed to
survive passage through the dizestive tract, Surface tension studies clase
sified them with lectobscillus bulgerious, Ho doubt they were closely re-

lated variants of this species,
later, Kulp (45) attempted to separate Lactobecillus scidephilus from
Lactobaoillus bulgarious by the deternination of their tolerances for indol

and phenol, He believed that the very slight tolerance of lactobacillus

bulgarisus for indol and phenol in vitro experinents &u%wng why aw»u

orgenisn was not able to aﬁwﬁu mﬁmﬂ@u gwgﬁw the digeative trmot,

Rossbury, Linton snd Buchbinder mmﬁ in 1929, carried out some seroce o
logieal studies on 30 dental and intsstinal strains of lactobaeilli, with
the ides of ﬁﬁ&l&wwuwﬁwm a relationship socording to their ymmwﬂawuﬁwwg
resctions, Orgenisme of each group showed marked @3§m§§ﬁaﬁ_ﬁ@w
the sers of the other group. On the basis of the results, the authors



felt that thers whe no nmeed to differentimte between the acidurie organiszms
of dentsl caries and Lactobacillus meidophilus of the intestinsl tract,

Their studles confirmsd the work of previcus investigators who said that

Bacillus moidophilus of Horc was found in the intestinal tract of all

animale exemined and also inﬁiﬂm;m that there sre certain strains bioclogioealw
iy distinecta |

Hunt and Retiger {34}, in 1930, studied some of the Lactobacillus
. organims found in soil, grein and fecal material with reference to their
8bility to produce acid from lactose, They observed that the 18 strains
isolated from moil and grain did not attack lamoctoss very vigorously, while
the fensl strains were much more aotive in ﬁﬁa raspsct,

In 1983, Curren, Bogers end Whittler (14) studied the tempersturs re-
lationship of warious gpecies of lactobaeilli, This was done by hemvily
inooulating litous milk tubes and holding them in inoubstors at 109, 189,

20% and 30°C,, and in water baths et 379, 400, 430, 46°, 489, §0° and 5290,
Growth wes debermined by cbservihg changes in the color of the litmus, The
optimm growth temperature was botwsen 37° and 40, and was uniform for the
&nﬁm oollection. Nome of the cultures grew at 529C, and only & few st
BO°C, The upper 1imit for & large mmber of the oultures wes 46°C,, and some
grew at 48%C. but not at 46°C, In the lowsr tempsrature range there was &
sharp diffsrentiation, 79 per cent of the culbures felling to show growth

in milk at 209, The remainder grew at 20°C, and many of these also grew at
18%, or sven 10°C, The results of the studies at low temperatures confirm
the work of Sherman and Stark (67). SRR
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adding 40 et \91‘ & 40 per cent solution of ferric chloride to oxidige the
acetylmethylosrbinoel to diacetyl, and the distillats wae collsoted in four
25 co. fravtions. A reagent to precipitats the diacetyl as niokel dimethylw
glyoximste was preparsd by mixing 2 parts of a 20 per gent solution of hye
droxylamine hydrochloride, 2 parts of & 20 per cent solution of sodium
aoetate, and 1 part of a 10 per sent solution of nickel chloride, Ten go. of
this mixture were added to the first 25 so. fraction of distillate and if
this showed a significant precipitabe the reagent was added to the second
fraction, eto. The distillate, with the added reagent, was allowed to stend
24 to 49 hours, in order to complete crystallization, mnd the niskel salt was
then filtered into s weighed crucibles The salt wms washed with distilled
water, dried to oconstant weizht at 110%., and the results expressed as the
milligrems of mickel dimethylglyoximate squivalent to aostylmethyloarbinel +
diseetyl per 200 pn. of material,

The produstion of carbon dioxide was measured by meens of Eldredge tubss.
Ten oo, of skim milk or 10 oc. of skim milk to which 0,5 per cent peptone
had been added were placed In one arm of sach tubes The tubes were sterilized
for 20 minutes at 156 pounds pressure, cooled to 379, end the milk incoulated
with 045 eo. of & 48 hour milk oulture, By means of a a%arijia pipette, 10 oo,
of n/i0 barium hydroxide were added to the empty arm of emch tube, Une
insculated E‘l&r@sz tubes, prepared in the sams marmer, werse used &s controls.
ahmrgtim of atmospheric carbon dioxide was prevented by olosing the upright
+ubes with sterile rubbsr stoppers after insoulation, 4t the end of the
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while the cabbage agar and whey agar used in the work were sscured from the
Difoo laboratories, Detroit, Michigan (3),

Fat Hydrolysis

In studying the action of warious cultures of lactobacilli on fat, a
‘nﬂa-b&ue sulfate medium was used, as suggested by Hammer and Collins (28).
The medium was prepared as follows: A 0,1 per cent aquecus solution of nile-
blus sulfate %a sdded to beef infusion egar in the proportion of 10 co. to
100 ce. of the egar, and the medium put into bottles and sterilimed, A fat
emilsion was prepered by adding 0,2 per cent bubter fat to 0.5 per sent egar
solution and sterilizing; when the mixture wns partially cooled it was thore
oughly shaken to emulsify the fat, Onme 6o of the fat emulsion was placed
in a sberile pstri dish end 10 og. of the mgar, sontaining nile~blue sulfate, vas
poured into the dish and mixed with the emulsion, After the agar hed
' solidified, it was streaked with the organisms. |

Isomeric Form of lactio Acid

The isomeric form of lactic avcid was deternined by the methed outlined
by Hemmey (‘33). The formented milk was heated in & water btath to facilitate
the separation of the whey and then filtered through papery in order to get
am adequate separation of the whey and to liberate the lactic acid, 25 co. of
" n/1 sulphuric acid were added to 800 so. of fmm milk just before heabe
ing. The whey, to which n/1 sulphuric acid was added st the rate of 5.0 co.

ger 100 eo, of whey, was evaporated to a compsratively small wvolume on &
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steam bath, Plaster of paris wes then mixed with the whey, uswmlly at the
rate of 15 gm. to 100 o6, of the original whey, to teke up the remmining
weter. By bresking up the mase svon after setting had begun, z hard lump
was prevented from forming and the maberial kept in a condition suitable for
subgequent handling. The lactic acid was extracted by plascing the whey and
;rlmtar of mﬁs combination into & thimble and extracting with ether for
‘approximetely 25 hours in a Soxhlet fat extractor, with the solvent dripping
on the materiel in the thimble, After trensferring the ether end the dise
solved material to a besker, the sther was allowed to sveporate, smter added,
end then gine sarbonate added in excess. |

The materisl was boiled with aunimml charcosl to decolorize, filtered,
and the insolubls portion washed well with hot water, The filtrate wms
partially eveporated and allowed to erystallize; after the first orop of
orystals had besen removed, ‘i:ha filtrate was again partially evaporated and
ancther orep obtained, The zine lectate was crystsllized es completely as
possible, dried and finely ground, after which the salt was allowed to dry
. i:é congtant ieighﬁ in air. |

The type of lmotis saidw&& dotermined by drying e weighed portion of
emch eslt to practically constant weight at 1109C. snd determining the pere
sentage of water of ecrystalligation. The dexirowrotatory and lasvowrotatory
forms of the active salts wers distinguished by mesns of a polariscope.

Protein Digestion

An incrsase in emino nitrogen during the course of the fermentation of
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This modified method varied from the van Slyke nitrous acid method in the
preparation of the sampls of fermented millk,



BXPERIMENTAL

Selection of a Culture MHedium for Isolation

Humerous types of culture medis have been used by imvestigators for
the isolation of lactobaeillus orgenisms, Obviously, a cholce of a satise
fmﬁcry isolation medims hed {0 be made., Preliminary studies were ocarried
out by selsoting a mmber of strains of lactobacilll snd preparing plates
of sn setively growing 48 hour milk oulturs of easch strain with (a) beef
infusion sgar plus 1.0 per cent lactose, (b) cabbage agar, (¢) oasein digest
agar, (d) whey agar and (e) tomato julce agar. All the plates were ine
eubated at 37°C. for 46 hours, after which the colonies were counted with
the aid of a mlw counters The results were expressed as the numbers
of organisma per oubic centimeber of the wimrm,.

Bight eultures of lsetobecilll were studied with respect to their
ability to grow on differemt types of culbure msdia; the data secured are
prosented in Table 1. Bach of the oulbures showsd considereble wariatiom
in the mmbers of colonies developing on the different medis, Vhen grown
on beef infusion agar plus 1,0 per cent laotome, the oultures gave counts
varying from 1,100,000 to 5,000,000 per vo,, on cabbage agar the counts

ranged from 18,500,000 to 350,000,000 per de,, on casein digest, from
180,000,000 to 350,000,000 per co., on whey sger, from 40,000,000 to
880,000,000 per oo, snd on tomato juice agay, from 200,000,000 to 480,000,000

per co. it was evident that tomato juloe agar, in most cases, gave higher
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TABLE I

BACTERIAL COUNTS OBTAINED WITH DIFFERENT MEDIA ON 48 BOUR
HILK CULTURES OF LACTOBACILLI

Plates incubated at 379. for 48 hours.

sion sgar +
1% lactose

I@Ga B

Juise
b

e P

B o w6 & 0

5,000,000
4,000,000
1,500,000
3,000,000
- 1,200,000
4,300,000
8,500,000
1,100,000

300,000,000 2

- 250,000,000

20,000,000

45,000,000

16,600,000

550, 000,000

280,000,000

200,000,000

270,000,000

360,000,000
220,000,000
290,000,000

5&;9@*0@@
40,000,000
$00, 000,000

350,000,000

410, 000, 000
870,000,000

280, 000, 000

330,000,000
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neining two oultures comgulated the milk with reduction of the litmus after
an incubstion period of 36 hours. The morphology of the cultures was
checked and oms of them wes retained for atudy.

levtobsoilll were isolated fram four ssmples of Cheddar cheese by the
.remmag procedure: 4 plug was teken from each cheess with & sterile
t-rirar,: after soreping off a small area on the surface of the cheese with
e sterile spatula. The Iower end of each plug was cut into emall pieces
and placed in a gterile petri dish, Then with a heavy transfer needle,
several small pieces of cheeso were placed in & 120 M‘ botile that was
nesrly full of sterile skim milk to which 0.5 per oemt pepbane had been
adaﬁ, The four bobtles of milk containing the four different ssuples of
chesse m mm&y stoppered and incubated st 379C., usually for 7 to
8 éayﬁ* rar xmf:ﬂ stained Wwﬁm of the milk revealed mumerous Grem
ga,si’biw rods, Then the milk was plated om tomato juise mz' gnd the
plates incubated at 37°C. for 48 hours, masme present on some of
the plates and on these it was difficult to observe any lactobscillus
anlwi&s' However, meny of the plates from the different mﬁ&a‘ai‘ nilk
showed & few Lactobacillus colonies. From these pletes & total of 16
i%ﬁt@a were made into litmue milk. The tubes of milk were incubated
at 379, for 36 to 48 hours, Four of the 16 oultures failed to produce
acid :‘Eaﬁm milk afber an inovbation of 48 hours, Tha' remoining cultures
mgu‘.{ata& the milk with redustion of the litwus sfter 36 hours. Stained
preperations from these culitures revesaled charscteristic lLactobmelllus

forms, Fouwr of ths 12 oultures wers seleoted for st

Eight oultures of lactobmoilli were obtained from two samples of Swiss
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cheese, using the ssme procedure as for Cheddar chesse. 4 fow molds were
noted on some of the plates that were prepared but they were not as numers
ous &s on the plates from the Cheddar cheese. Some of the plates were

free from molds and 8

owed & few charseteristic Lactobacillus colonies,
Eight of these coloniss were picked into litmus milk end the millk incvbated
et 379, for 36 to 48 h&ﬁmi‘ Pwo cultures showed only a reddening of the
1itmus afber 48 hours and were discarded, The remaining six cultures pro-
duced an scid coagulstion in the milk after inoubsting 36 hours, A Gram
shained preparation of each culture revesnled that the orgenisms were ell
typical lactobacillus forms. Four of the cultures were selested for study,
. Two samples of feces were collscted from two calves in the Ohio State
ﬁnimsmy dairy herd. The calves were 6 and 12 wesks of age. The oalf
feces wera treated es desoribed under d. of "General Methods of Isolation,"
The broth from the third tube was plated on tomato juloe mgar and the plates
incubated at 37%C. for 48 hours, The plates were examined and mold snd
yeest colanies were noted on some of thems Other plates feiled to show any
growth, vhile two showsd mumerous lectobecillus colomies., Twelve colanies
fmm ‘Bhesa “two plates m& pim:i ,’,iwh@ Litous milk md the milk incubated
st 379, for 36 to 48 hours, Four oultures did not cosgnlate the milk
until afber sn inoubation of 48 hours, ﬁixiis five produced only a reddening
of the 1im; all these sultures were discarded. Three sultures produced
& firm coagulatien in the milk after 3¢ hours of inoubation and steined
preparations revealed charasteristio lactobacillus forms. Ons of these
cultures was retained for st
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TABLE 11
SOURCES OF THE CRGANISHME STUDIED

Cultures
Yo

Soures

0O OO G 8

j;m obtained from Xulp (rat strain)
ophilus obtained from Kulp (imm)
doph :&s ammaé from Sarles | x-w?a)
dophilus obbained from frnold (
dophilus ammé from Bisfers (rwlasid)

10 us ed er (hunan strain)
— ﬁw abtained m Fulp (milk strein)

arious obtained from Rogers (cheese strain)
woilius obbtained from Lene ?ﬁiik strain)
M&tahwinm obtained from Lane {Cheddar cheeme strain)
lactobacillus isolated from raw milk
Isctobaeillus isolated from raw milk
lactobaeillius isoleted from raw milk
isoctobacillus isolated from raw milk
Imctobacillus isolated from raw mdlk
lactobaoillus isolated from pasteurised milk
Iactobeoillus isolated from commerelal acidophilus milk
Lactobacillus isolated frem commercial acldophilus milk
lactobacillus imoleted from commercial acidophilus milk
lactobacillus isolated from Chaddar choese
Iastobsoillue isclated fron Cheddar cheone
lastobaeillus isolated from Cheddar cheese
Lactobacillus isolsted from Cheddsr ohesse
Inotobacillus isolated from Swiss cheese
Iactobaoillus isolated from Swiss chesse
lastobacillus isolated from Swiss cheese
Isctobeoillus isolsbed from Sel ss cheese
lactobaeillug isolated from ensilerze
Isotobselllus isolated from ensilage
Lactobroillus isclated from corn astover
Iactobacillus isclated from calf feces
Laotobacillus iselated from dog fecea
Iectobacillus isolated from infant feces
lactobaocillus isolated from infant feces
lactobaoillus isolated from infant fecas
Ianctobacillus iasclated from rat feces




STUDIES ON BIOCHEMICAL FBATUHRES

Beceunase of the wide distribution of the lactobmellli in deiry products
the sotion of these orgenisms on milk and its derivatives is of special
importance, The results obbteined in the studies on the chemionl changes
produced in milk are presented under various headings,

'.qw'""""‘"’“*'wm)

[ % As The Production of Total Acid, Volatile Aoid and
M . Acetylmethyloarbinol + Diacetyl in Milk

e
s

The 36 cultures of lactobmellli were investigated for their general
action in milk by determining the produwtion of total acid, volatile acid
and soetylmethyloarbinol + discetyl, after inoubation at 37°C. for 7 days.

renssansa s et e 1

3
The results obtained are given in Table(IT\

There wes sonsiderable wariation in the smounts of total acid formed

T —

% by the warious mxlmcs’,‘ the values ranging from 0,50 to 2.34 per cemt
caloulated as lactiec seid. No differences were noted in the appearmoce of
litmus milk cultures of the organisms st the end of the incubation period
and all the organisms producsed a4 smooth curd with no evidence of gas or
proteclysis. Cultures that prodused relatively large amounts of total
acid sometimes showed e tendsnoy to "whey ei'f,"‘ There was very little
differsnce in the rate of coagulation of litmus milk with the various -
organisms. Culture 25 when ﬂrﬁt isolated coagulated milk rather slowly,
but after the second tmmr in 1itmus mim the rate of comgulation was
about the same as for the other eultures,
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TABLE (TIT,

THE PRODUCTION OF TOTAL ACID, VOLATILE ACID AND

Cultures incubated &t B79%. for 7 days.

Talture  Per cemt  Velatile  mg. of NI _salt equive
Nos totel eoid  ecid®  to ams + aa™® per 200 gm.

2402 39,0 trace
200 28,8 1.8
0.85 41,0 00
2.10 38,7 1.2
1.40 35,8 10,8
1.28 ' 2948 ¢ 1% .2
1.8 36.3 28
080 2B 42 10.0
91% 58;2 8;3
0450 4046 ‘ trace
1.11 : 2846 1,3
0456 2743 040
1.21 16,9 , trace
1,01 1648 0.8
0,80 3140 Be3
1.2 1044 trace
1.34 30.8 1.8
0,90 22.4 0.0
080 21,6 : 241
0.50 0.0 trace
0,68 35.3 0.9
1.70 112 2%.1
2401 ' 11.6 1.9
119 : 2745 0.0
208 3640 : 118
1.80 29.4 17.4
1,50 27.8 0.0
1,90 ; 29.1 ‘ 0.6
2410 28,8 BB
© 0.80 21,4 146

S REREE BB e R B CRRERREREBcovaarune

*Jolatile mocid expressed as oc. n/10 NaOH required to neutralize the first
liter of distillate obiained when 2 250 gm. portion of culture was steam
distilled after adding 15 ¢o. n/l sulfuric soide

**ame + s = acetylmethyloarbinol + diacetyl.



A1l of the oultures produced an appreciabls gquantity of volatile ecid.
The wvalue for the 36 sultures ranged from 10,0 to 42.6. A comparison of
the production of total aocid and of volatile aeld is given in the following

Tultures producing Tooal  Produesd volatile  Bumber of
acidities from _Boidities from __  scultures

0.50 %o 1.00 10.0 to 41;@ ' 13
1.0 to '3.;55 ' 10.4¢ to 35.8
151 to 2.00 11,1 to 36.3

@ o B

2401 to 2,50 1146 to 42.6

The summary shows that the produstion of velatile acid was ﬁaﬁ relsted
o the total meid formed since the volatile seidities waried widely in each
of the total seid groups and the ninimun end maximm velues for the dife
ferent groups were much the seme.

The yield of nickel salt eguivalent to scebylmethylearbincl + discetyl
with the warious cultures ranged from 0.0 to 29,1 mg., with 7 of the 36
cultures giving yalues of 0.0, Only Pive of the cultures yislded 10,0
or more mg. of nickel salt and only one yial&gﬁ more than 20,0 mg. m
following summary compares the production of totsl acid with the values for
nickel salt equivalent to acetylmethyloarbinel + diacetyl for the various

cultures:



Tultures producing totel  Yielded mge of  Humber of
JSoidities from i salt from  oulbures

0450 to 1,00 040 to 100 S *
1.01 to 1,50 D40 to 108 10 -
1.51 to 2,00 0.0 to 29,1 5
2,01 to 2,50 0.0 to 11.8 8

From the summery it is evident that the production of acetylmethyle
earbinel + dimcetyl was not correlated with the formation of total soid.
Bach of the totel acid groups contained organisms that did not yield
acetylmethylearbinol + discebyl and with three of the four groups, include
ing t%uise representing the highest and lowest asid producers, the maximgm
production by an orgenism in'%&a group wag essentiaslly the seme,

The results indicmted that there was no direet relaticnship betwaen
the amounts of total seidity, wvolatile asidity, snd soetylmethylearbinel
+ diasetyl formed by the cultures, regardless of the scurces frem which

the organisms were iaﬁaﬁaﬁg

B. The Production of Velatile Acid end Acetylmethyloerbinel +
Disoetyl When 0,15 Per cent Citric Acid was Added to the Milk

| The effect of the addition of oitric acid en the produstion of wolstile
acid and mestylmethyloarbinol + diacetyl im milk was studisd with the 36
cultures by adding (.15 per sent cltric acid to the milk &t the time of
incoulation, incubating at 379C, for 7 days end then deternining %ﬂ;
volatile acid and scebylmethyloarbinel + dimoetyl valuss, Table @3& vos
the dats obtained, |



TABLE (1V)

THE PRODUCTION OF VOLATILE ACID AND ACETYIMETHYLCARBINOL + DIACETYL
WHEN 0,15 PER CENT CITRIC ACID WAS ADDED TO THE MILX

Cultures incubsted at 379C, for 7 days.

Culture ‘ ‘ Eg*“} 7 &Eg : s i o
Hoe Yolatile agm;m to ome + as Volatile aquiv. ‘m ame + an
L LN . 0. X - WO ... FORY .. ... - S

39,0 tracs 35,0 1.1
2848 1.8 19.3 trace
36,3 18 20,0 24
4140 none 42,0 trace
35.7 1.2 29,0 048
El.8 none 3644 i R
34,5 ’ Trase 7.1 1.8
35.8 10.8 12.2 2.0
10 11.2 none 1541 1.0
11 29.5 0.5 25,5 0.9
1z 563 - 2.8 80,4 trace
13 N B2 10,0 ‘ 83.7 135.6
14 3B.2 8,9 5448 9.1
15 40,6 trace 44,5 2.1
18 28.8 B -3 2743 B0
17 273 none 302 1.6
18 1849 trace 19.4 1.0
19 16,8 . 0.8 21,2 none
20 81,0 % 18,9 ' trace
21 10.4 - trace 1641 2.3
25 22.4 none 164 1.8
24 21.6 % , 25844 ‘ 3.5
26 10,0 1e3 ‘ 18,9 trane

26 36,3 0.9 3l.4 1.1
27 1. 2941 212 1.8
28 1l.6 1.8 33.5 , 2.1

2 870 trace 270 1.7

DO o G

22

31 3640 11.8 | 59.0 9.3
33 27.8  noms 19.8 . trece
54 2941 none 54.8 trace
35 2849 545 29,5 345
36 31&4 ' }wﬁ 33&4 2:&
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The sddition of oitric acid to the milk appa

on the produetion of wolatile mcid by the orgenisms. The velues obteined
with the citrio acid added ranged from 12.2 4o 44.5 while those in the
controls ranged from 10.0 to 42.6. Twenty-twoe of the cultures gave higher
volatile moidities with oitric moid while 15 gave lower walues, emd with

1 there was no difference but, in gm’ami; ‘khﬁ differences wers ;nzst_ sige
nificant. The addition of 0.16 per cent oltriec scid approximately doubles
the citric ecid content of the original milk so that if oltric acld is a
source of wlatile acid the added oitric acid should greatly inorease the
volatile scid formed.

The addition of citric ecid had no significant effsct on the proe
dustion of moetylmethyloarbinel + dimcetyl by the organisms in milk. The
welues for nickel salt obtained on the milk cultures with the oltric acid
added ranged from 0.0 to 29,1 mg. while those for the controls renged from
0o to 21.1 mp. Twentyssix of the cultures gsve higher wvalues with citrie
a0id added while 10 gave Jowsr valuss. There was considerable wariation
in the emounts of acetylmethylearbinol + dimcetyl formed, both with and
without citric soid added, end, in general, the differsnoes betwoen the
wvalues for the milk %:S;'Eh eitric acid and without the acid were not significant,

It wmas interssting to note that sume of the cultures which produced
relatively small smounts of scetylmethyloarbinel + diacety) ahm ‘apprecieble

increases of these compounds when sitric scid was added © the milk, while

those cultures that produced comparatively large muounts of esetylmethyle
earbinol + dimcetyl did not show large ineresses of these compounds,
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Ce The Produstion of Acetylmethylearbinol + Diacetyl When Various
Concentrations of Acetaldehyde Were Added to the Milk

The effect of adding warions concentrations of asetaldehyde on the
preduction of acetylmethylearbinel + disoetyl in milk wes studied with 10
cultures of lactobacilli as i‘ai;im; Five 100 sc,. portions of sterile
skim milk in bottles wers inoculated with 0.6 cc. of an sctively growing
uilk culture of sn organism and inoubsted at 379, for 12 hours. Different
conoentrations of scetaldehyde were then added to four of i;ha bottles and
the remeining one was used as & control; the consentretions of acetaldehyde
used were 0,05, 0.1, 0.3, and 0.4 per cent., After incubating at 379C, for
7 days, acetylmethyloarbinel + dimostyl deterninations were made on the
various lots, The date obtained are given in Table (?f

From the results, it appeared that the addition a;’;‘ various concentraw
tions of scetaldehyde to the milk did not appreciebly inorease the produce
tion of amcetylmethylesrbinel + diacetyl, The values for nickel selt,
squivalent to acetylmethylecarbinel + diacetyl, wvaried widely both in the
controls and in the milk to which the various concentrations of the
acetaldehyde had been added; \tha values for the controls ranged from a
trace to 23.2 mg. while those for the milk with ascetaldshyde added renged
from 0.0 to 26,0 ng.

With 0,05 per cent acetaldehyie added the values for the nickel salt
ranged from 1.8 to 25,1 mgs RBight of the oulbures showed increases over
the controls with the scetaldehyde added while two showed desreases but
in no instance was the difference great,
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TABLE\Y)

THE INFLUENCE OF VARIOUS CONCENTRATIONS OF ACETALDEHYDE ON THE
PRODUCTION OF ACETYLMBTHYLCARBINOL + DIACETYL IN SKIM MILE

Cultures inoubsted at 379, for 7 days.

2
I !

ﬁ‘ca

0.0
0.0
21.2

3.9

8.4

19.2

040
0,0

040
0.0 |




With 0.1 per oent asetsldehyde added to the milk the nickel salt
walues ranged from 0.0 to 26,0 nmg, Bight of the organisms gave increases,
as compared to the controls, in sostylmethylearbinol + dimcetyl with the
aldel de added while two gave deoreases but in no instance wes the dife
ference great. One culture failed to produce any asetylmethylearbinel +
ataostyl with acetaldehyde while & considerable quantity was produced in
the controle | v

With 0.3 per cent soetaldehyde added to the milk the acetylmethyle
oarbinol + dimcetyl velues rsnged from 0,0 to 21.2 mg. nickel salt, In
three instances there were inoreased smounts formed with the acstaldehyde
while in seven there were decresses. Four of the organisms produced no
more than & trace of acetylmethylearbinel + dimcetyl with the sldehyde
added. In general, the results obtmined suggest that the mcetaldehyde was
glightly toxle in the amnmmti& used,

With 0.4 per cent mcotaldehyde the milk failed to cosgulate and noue
of the cultures produced mny &e@%ylmmyiésrbim}; + dimcetyl, This indioates,
that O.4 per cent acetaldehyde in milk was definitely toxic to the orgene
isns used.

From the results obtained it wes evident that aaneentratim of Q.06
or 0,1 per cent acetaldehyde prodused slight inoreases in moetylmethyle
carbinel + dimeetyl in milk in meny instances, while in several instances
snall deeresses were noted but in every case the difference wms small,
The addition of 0.3 er 0.4 per cent soetaldehyde to the milk appeared to
be toxic for the organisms used,



Ds ‘The Production of Carbon Dioxide in Milk and in Milk
Plus 0.5 Per cent Peptone
The production of carbon dioxide in milk and in milk plus 0.5 per
eent peptone was studled with the 36 eultwres, by means of Eldredge
tubes using both 10 and 20 days of inoubstion at 37°C, The data are
given in Teble VI,

It appeared from the results that most of the orgenisms studied were

eapable of produeing appreciable smounts of carbon dioxide in milk and in
milk to which 0,8 per cent pesptone had bsen sdded; only one organism
{No. 168) failed to produce any detectable carbon dioxids in either type
of milkse The values obtained for carbon dioxlde varied widely both in
the plein milk and in milk plus peptone. The wvalues in the plain milk
with an ineubation period of 10 days ranged from 0,0 to 5.1, while in
milk plus 0.& per oent peptons they ranged from 0.0 to 5.5, When the
incubstion period was extended to 20 days the velues for plain milk renged
from 0.0 to 8.1, while in milk plus 0.5 per cent peptone the values ranged
from m& to 9.7 ‘

‘With an incubstion period of 10 days, 3 of the cultures failed to
produss any carbon dioxide in plain milk and 33 pgave spprecisble

pounts,
while in the peptone milk 8 cultures failed to produce sny oarbon dioxide
and 28 of them formsd appreciable smounts. There was considerable variae
tion, both in ‘kéw/ylaia and in the peptone milk, in the amounts of sarbon
dioxide produced but, in gemersl, the plain milk gave the higher vsluess
in 28 instances the values for the plain milk cultures were the higher, in



TABLE VI

THE PRODUCTION OF CARBON DIOXIDE IN MILK AFD IN MILK
PLUS 0.5 PER CENT PEPTONE '

Cultures incubated at 37°C. for 10 or 20 deys.

11 3ué 0.0 040 0.0
12 0.0 00 - B8 7.1
13 2.8 149 449 5.1
14 2.6 2.3 8.1 0.0
15 3.0 2,8 T+é 0.0
16 0.0 0.0 00 0.0
17 34 5.5 8.7 0.0
18 Se7 3e7 8.0 T3
19 4.1 4.0 0.0 640
20 248 040 4.6 0.0
21 146 1.0 8.1 5.8
22 380 0.0 T2 .4
23 346 3.8 8,0 0.0
24 1.9 1.8 348 040
25 163 0.0 5.0 0.9
%6 2.9 243 6.3 Bk
27 3.4 1.7 649 6,7
28 0.0 2.4 . Set
29 2,0 1.8 0.0 040
30 244 2,0 740 Te2
31 3B 0.0 T0 0.0
33 44 .8 B8 00
34 4.6 3.1 4.4 4,2
36 349 3.5 540 k.7 3




whle

% instances there were no differences and in § instances the peptone milk
geve the higher values,

With an incubmtion period of 20 days, 6 of the cultures feiled to
produce any carbon diexide in plain milk, and 30 cultures produced spproci-
sble amounts, while in peptons milk 15 cultures failed to produce any
carbon dioxide, and 21 fomwed varying amounts, There was considerable
variation in the emounts of carbon dioxlde produced both in the plain and
in the peptons milk but, in general, the higher welues weres obtained in
the plain milk; in 28 instences the wvalues for the plain milk were the
higher, in 4 there were no differences end in 9 the peptone milk oultures
gave the higher values, 7

. The results indioate that, in general, the lsotobacilli produced
greater amounts of carbon dioxide in plein milk then in milk to which
0.5 per ocent peptone had been sdded and that the values seoured after 20
days inoubation were generally higher than those secured sfter 10 dayse

E. The Production of Usrbon Dioxide in Milk
at Different Temperatures

The production of carbon dioxide in milk inocubated at different
temperatures wae studied with 10 cultures of lactobacilli, by comparing
the amounts of oarbon dioxide formed at 2190, with the amounts formed at
379C,, using & 16-day period of incubation et eeach temperaiture. The data
gbteined are given in Table VII. |

A1l of the oculbures studled were capable of produsing apprecisble
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TABLE VII

THE PRODUGTION OF CARBON DIOXIDE IN SKIM MILK
AT DIFFERENT TEMPERATURES

Cultures incubated at 21% or 3790, for 15 days.

Culture oo /10 Barium hydroxide equiv. to 00 from 10 os. milk

£ 2

10 | 5.0 648
13 T | B
T . 1.8 - 4.6
20 X j 8.0
2 | 2.5 Tk
26 o 1.9 o 4.0
27 2z _’ @9
28 s . Y
20 1.6 o 5.0
30 30 - But
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emourts of osrbon dioxide in milk incubated at either 21° or 37%. The
values for the cultures incubated st 219C, ranged from 0.7 to 5.0 while
the values for those incubsmted at 37°C. renged from 4.0 to 8.0,

. It was evident that sl of the cultures producsd less sarbon dioxide
219, than they did at 37°C, and that there was more variation in the
carbon dioxide wvalues at 21°C. then at 379, It appeared that oultures
of lactobacilli capable of growth in milk wers able to produce appreciable
amounts of carbon diexide after a 15-day immb&tim at either 21’“ 57%.,
although greater amounts were formed st 37° then st 21%C,

F. The Permentation Resctions with the Production of Aetﬁ

The aa cultures ai‘ lwtobaaim were m&ia& from the ammipemt of
the&r gmm i’emmtim rmi:ims, using casein digest broth plus 1.0
:far m‘k an&mén‘z méimtar as i:!m basioc mdimm This m&ium m« prepared
from Ce P‘ g¢asein by the typtié digaltitm m%haﬁ, m:rs.m by Kulp and
Rettger (46). Fiiw, 10 or 20 per cent solutions of the varicus materials,
depending npm their aaiuhiutm were prepsred in &iatinaé water,s All
the solutions wers sterilized by fii-kmtim %hrwgh Ewrhefam filt,imr
anxﬁies and were added Maﬁimly to the sterile bmie m&.m in m
tubes by means of & sterile éia’krihutmg fmmal, in sufficient quantity te
vield a rimﬁ. ewmmmﬁm pf 1.0 per aawb. The wltumn wore W&p&rs&
for inooulation as mllm: Each culturs wes grown in 10 e, of casein
digest broth, to which 0,1 per cent glusose had been added, and inoubated
at 37°C, for 48 hours, The organisme were sedimented by centrifuging,



the supernatant fluld decanted off, and the organisms resuspended three
t*izm in 10 oe. smounts of abderile ghysiﬁegiaal salt solution an& the
last suspension was the inoculum used. Onestenth ao, af’amh m‘mxm
was incoulated into 3 eo. of baszis medium plus indicator giu:é 1.0 per
sent of a sterile sugar solution., After the cultures had been incubated
at 3‘?"3. for & days, together with the uninoceulated controls, they were
observed for acid production. The results ere given in Table VIII,

The dete indicate that out of the 38 ‘ﬁuima studied, 2 of the
organiams sttacked arabinoss, 35 dextross, 27 dextrin, 3 duleitol, 14

, € tnulin, 36 lactoss, 23 levulose, 17 maltose, 2 mannitol,
10 raffinose, 11 selicin, 24 suorose and 2 xyloses | Ho gas production was
noted in eny of the cultures studied, |

A1l of the #ix culturss of L. scidophilus altatined from the various

méﬁrﬁh lsboratories fermented dextrose, lactose, levulose and maltose,
wiile none of them fermented arebinose, dulcitol, inulin and mannitol;
five attacked dextrin, four galactose, two reffincse, two salicim, two
susrose and one xylose, The two cultures of L. hulgarious cbtained

from research laboratories fermented dextrose, lastose, lewulose and
salicin but not arabinose, duloitol, galactose, inulin, mannitol, rafe
finoss and xylose; one fermented dextrin snd suoross but not maltose, while
the other fermented maltoss bu*& not &mﬂa and auermis'a. -

Kulp and Retiger (46) claimed that L. acidophilus snd L, bu

could be aeparated on the basis of their ability to.atteck levulose. They
stated that L, acidophilus fermented levulose while L, bulgarious wms
unsble to stteck this sugar. However, when the sugar fermemntation studies



TABLE VIII
PERUENTATION BEACTIONS OF VARIOUS CULTURES OF LACTOBACILLI
Cultures incubated st 379C, for 4 days.

Sugar ‘1yé5§ssmsmﬂwmmxmmmsmaezzzazsz&zaeamaazs;wsxazﬁaam&w
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were carried out with the pure cultures of L, asidophilus and L. bulgeriocus

obtained fram various resemrch laboratoriss, it was found that both these
organisng abtacked levulose,

The twe cultures of lactobacilli cbtained from lane attacked dextrose,
dextrin and lactoss but not arebincse, duleitol, gslactose, imulin,
mammitol, raffinose, selicin and xylose; one of the organisms fermented
 levulose,maltose and suorose while the other 4id not,

The results revealed that there was a eonsiderable veriation in the
fermentation m@bim emong the enitma of untomilii studiedy this
was trus not only for the organiems isolated from several sources but also

for the six oultures of L. eai hilus and the two cultwres of L, bulgaricus

~ secured from various ressarch laborstories. Because of the wvariations,
the fermentation resstions opuld not be used as a basis for separation of
the lactobeocilli into species,

G, The Lipelytic Activity of the Orgenisms uwpon Butterfat

The relative merits of warious plating media for the detection of
lipase producing bmoteria were investigasted by Turner (74). He concluded
thet nile~blue sulfate medium geve a sherper differentiation and e higher
degree of sensitivity then other types of medis useds In the nile-~blus
sulfate medium the dispersed fat appears as pink globules, When these
globules are atiacked by an organism ‘namla of breaking down the fat the
globules change from & pink color to a deep blue,

The lipolybic activity of 36 cultures were studied by stroaling the
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THE ISOMERIC FORM OF LACTIC ACID PRODUCED IN MILK BY
CULTURES OF LACTOBACILLI

Cultures incubated at 37°C, for & days.

“Water of oryatallization

Culture , in ginc smllt » Zn0 in
Nos Dotermination Determination Average  water free  Rotation of
, A salt zinc ealt
2 2
1 15.92 . 12.C% 1
8 18.71 13,77 1
& 13,96 14.08 i
7 3.5’4? 15,56 : o
9 }.E.’?l 15,91 very slight d
10 164,856 16.41 4]
11 15,28 15,30 o
12 12,95 12,50 1
13 12,88 12,97 1
16 13.41 3;5.95 15,67 1
17 12,83 12,91 12,87 1
i8 13.46 13,63 13.54 1
19 14,11 14.21 14,186 ; §
20 16415 164,23 16419 o
21 15,23 15.29 15.28 83.78 1
22 16,87 18,10 16,08 0
24 16427 16,33 16430 0
28 15.83 13.80 15,86 1
28 14,58 14.65 14.61 1
27 13,83 13.91 13.87 1
28 16411 16.19 16,15 0
29 16,81 16,72 16.78 0
30 16,76 16.81 16.78 0
31 13,12 13,19 13,18 1
32 14,07 14,19 14,13 1
33 14,13 14,421 14,17 1
54 13,36 13.41 13.38 83,85 1
a5 14,06 14.23 14.14 1
36 12,89 12,94 12,91 1
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the peremtages of wabter of orystallisation in the zine salts were 14,01,
13,77 snd 14.06. These data indicate that the moid found was largely
One of the two cultures of L. bulgarious cbtained from research

laboratoriss produced inmetive acid and the other ane slightly laevo-
rotatory acid the peroentage of water of orystallisation in the zine
galt from the inastive acid was 15.56 and from the laevosrotatory #ei&
16,95, These data indlcate that the acids formed by the L. bulgariocus

oultures were largely insotive.

The sixteen strains of lactobacilli obtained from dairy preducts,
such a8 raw and pasteurized milk, commercial acidophiluas ml&, Cheddar
cheess and Swiss chesse, gave zinc salts in ahiqh the pa%mhagé of water
of srystallisation ranged from 12.87 to 18.41. Ten of these sultures
 formed dextroerotatory acid, with the velues for water of orystalliza«

tiop in the szinoe salts renging from 12,87 to 15.26 per cent; five

formed insetive scid with the walues for the gine salt ranging from 16,08
to 164413 snd one formed laevoerotatory ameid with a sino salt value of
15,81,

The three culbures isclated from ensilage and com stover ga&a ine
sotive acid; the waber of erystallization welues for the zinc salts renged
from 16,15 to 16,78 per cent.

The six oultures of lsotobacilli isolated from fecal materisl formed
dextrowrotatery mi&s; the water of crystallization values fsr the zine
salte ranged from 12,51 to 14.17 per cent.
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TABLE X

INCREASE OF AUINO NITROGEN IN MILK BY VARIOUS nmﬁ%mm
| OF LACTOBACILLI

Cultures incubated at 379C.

| M T gy Ty oy e (e gx,. |
Culture incubation To caleinm aTclom
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?gﬁ

0.,0260
0.0261

Vﬁgg
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0.,0854
00293
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Host of the cultures were capeble of increasing the smino nitrogen
in the plain milk. The suino nitrogen in 300 eo. of milk inoubated for
two weeks ranged from 0.0114 to 0.0801 gm.s four weeks, fram 0,0000
to 00421 gr.; six weeks, from 0.0000 to 0,048% gn.s and eight wesks,
from 0,0000 to 040512 gms The values obtained varied considersbly but
in general, ﬁm‘a was & gradual inorease in emino nitrogen in ;alain
milk during the eight weoks of imoubmtion; in several instane

appeared wmaammmmwwmwiﬁ.

The smino nitrogen in the milk with miiﬁim carbonste added incubated
for two weeks ranged from 0.0153 to 0.,0497 gm.y four weeks, from 0,0000
to 0,4999 ga.s six weeks, from 0,0000 to 0.0495 gm.s md eight weeks,
from 0,0000 to 0,0618 gn. Again it was evident that the amine nitrogen
conbertt in the milk with ealceium carbonate varied widely dbut in most
cages thers was a marked inerease a,é amino nitrogen during the incubation
period; in & fow cases, howaver,

st certain exeminations,

In comparing the values of smine nitrogen in plain milk with those
in milk to which osleium emrbonate had been added, it appeared that the
anino nitrogen walues wure higher when the milk was neutralised with
calcium carbonate, ’ ,

From the resulis cbhbtained, it wes noted that moat of the cultures
studied wers capable of breaking down the milk proteins into smine
nitrogen over & prolonged incubation period. OGrester amounts of amine
nitrogen were obtained when the soidity of the fermented milk was partially
neutralized by the addition of caleium carbonate, |



SPECIAL STUDIES UPON THE GROWFH AND MOR
OF LACTOBACTLLI IN MILK

As The Xnﬂm af mmrim m&a upon m

The biologieal interest ¢f deuterium oxide or heavy water, as it is
sometines oal lod, sannot be overlocked in view of the fmot that all

living cells require water for sxistence,

Exporinental evidenoce indieates
that high soncentrations of heavy water sdministersd te some animals are
mm.,. In the work of Lewis (49) certain plant seeds failed te sprout
 when pleced in sertain concetrations of heavy water. Likewise, the

on baoteria showed marked wariations,. . Some of

effect of this sampound
’dlé fluorescent organisme did not give out their fluarescent light in the
presense of deuterium oxide, The work of Barnes (&) indiomtes that hesvy
water in low consentrations hae a stimulating effest on the growth of
mioroorganisns.

Through the courtesy and efforts of Dr. H. V. Noysr, Department of
Chemistry, Ohioc State University, who provided limited smounts of various
conventrations of deuterium oxide, an attempt was mads to study the
effects of this compound upon the growth and morphology of six strsins
of lactobmoilll,

The heavy water was mixed with Difco dehydrated whey broth so that
the broth sonteined concentrations of deuterium oxide as follows: 0,13,
0.7, 8ud 5,0 per cent, The conbrol broth was prepared with distilled



meter which was devold of sll deuterium oxide. The various lots of

broth, in 10 ce. portions, were asterilized in sealed glass tubes at 15

 pounds pressure for 20 minubes.

| In studying the effect of deuterium oxide, four oultures of L. seidophilus

(mubers 1, S, 4, snd 6), one culturs of L, bulgarisus (mmber 7), snd
ons Lectobacillus culture from acidophilus milk (mmber 19) were used.
Each culture was incoulsted into the various lots of whey broth, using

041 oos of an sctively growing broth oulture for each tube, and the tubes

wore incubsted st 37%0. 4% 1Z-hour intervals for & 60«hour period, 1 ov.
was withivawn from each tube and tomato juics ager plates were prepared,
using dilutions of 133000, 110,000 end 1:100,000, All the plates were
incubated at ¥7°C. for 48 hours, efber which they were examined and the
Laotobacillus colonies counted.

The results indicste that the warious concentrations of deuteriums
oxide did not have any appreciable effeot on the rate of multipiication
of the six strains of lactobecilli in the whey broth. The colonies on
,«wm plates ,@u.%mnnm from the eultures containing werious concentrations
of deuterium oxide were examined umder the low power @m&ﬁdﬁ of the
miorogcope and failed to show sny differenses in size or general appeare
ance, The colenies on the lowest dilution plates, representing the var
fous concmtrations of deuterium oxide broth, were very small while those
en the higher dilution plates were somewhat larger, but the differences
~ 4n the sizes of the golonies were comparsble to those in the control and,
apparently, were largd y detemmined by the numbers of colonies on the
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An attempt was made to study the effect of deuterimm oxide upn
‘the morphology of the siz Lactobacillus cultures, using the same time
invervels and the original concentrations of deuterium oxide broths
Grem stained preparations from the broth did not reveal any apprecisble
morphologie differences from the control mawﬁﬂn&; Howeyer, at the end
© of the 48~heur interval, cne of the cultures of L, seidophilus (number 1),

showed marked grenulation and was Gram negative in the 5.0 per sent cone
centretion of deuberium oxids brothy at the end of the 80=hour inoubew
tion w@&w&g this grexulation did not persist,

The results show that the warious consentrations of dewterium oxide
in whey broth gave no stimulating effect upen the growth or merphology
of the orgenismse These results are not in egreement with those of
Barnes (4), since he found that deuterium oxide in low concentrations

| may heve & marked stimlating effect upos living crgaulems. However,
" Barnes does not mentiom the

s weed in studying the effect upom

' orgenisas. Dus to the cost and the difficulty of obtaining the higher

aoncentrations of dsuterium oxide, the experimestal work could not be
repeated, Thus it is noted that concontrations of V.13, 0.7, and 5.0
 per cent deuterium oxide in whey broth did not ohange the rate of multie
plicstion of the Lactobmoillus organiams when @f&. in this broth and then
plated on tumato julcs agar, Likewlee, no marked morphologioc changes
wore noted either in the size or the »gws of the cﬁwﬁwﬁﬁ ;
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B. The Infiusmce of Temperature mpon the Growth and Worphelogy

The growth and morpholegy of 36 cultures of lactobasilli were studisd
by imeculating 0.1 oo, of an satively growing milk culture mim tubes of
1itmus milk, The two tubes of the litmus milk culture of each organimm
were inoubated at 109, B1°, 7° and 45°C, One wninooulated comtrol tubs
of 1itmus milk was inoubabed with sech set, All the tubss were inoubeted
and observed daily, for an indefinite perled, or until some visible changes
were noted in the litems milk, such as reddening of the litmus or asid
coagulation, The data obteined are given in Table XIIT, |

The results indicated that at 109C. 6 of the 36 oultures wers capable
of produoing acid in sufficient quentities to shange the color of the
1itous in fyrem 8 to 12 days, One sulbure produced a change in the litmus
wilk within 8 days, three oultures in 10 days, snd two oultures in 12 days,
but none of these sultures produced gufficient acid to sosgulate the milk,
The remsining 30 cultures failed to produce any chmrge in the milk during
21 days ineubstion, OF the six cultures that grew at 10°C., three were
from raw milk and three from Cheddar chesse,

The morphologies of the six cultures that grew in the litmus milk et
1050, wore studied, It was noted that all of the oultures showsd spindle
sheped rods, with considersble wariation in the rods from differemt

Thirteen sultures produced acid at 21°C. within 4 to 10 days, and with
10 of these there was sufffoient scid to cosgulate the wilk in frem 10 o
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TARLE XI

TWTH OF LAGTOBACILLI IN MILE INCUBATED AT DIVFERENT TH(PERATURES

s
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The morphology of the cultures inoubsted at 37°C. wers guite veriable.

There were many large thick rod forms as well as mumercus slender rods.

 In many instances it appeared that both types of rods wers present in the
‘eamna @lﬁw&, R

At 45°C., 24 oultures produced a reddening of the litmus in from 1
"ﬁg 2 duys snd produced sufficient acid to cosgulate the. mimmm 1 to
2,5 days, while 12 failed to show eny chenge after 5 days, Sixteen
eultures chunged the litmus in 1 day, and 1 of them comgulated the milk
in 1 days 2 produeed comgulation in 1.5 dayss while 13 showed cosgulation
in 2 days, Six cultures chrnged the litmus in 1.5 days mﬁmguht@ﬁ the
milk in 2 days. Two cultures showed & reddening of the litms milk in 2
days and coagulstion in 2.5 days. Of the 12 cultures that could not grow
ot 45°., 5 were from rew milk, 6 from Cheddar chesse and 2 from ensilage.
Eéua of the organisms from Cheddar cheese grew at 45%., while all the
orgenisms from Swiss cheese grew st thiz tempersture. ,

The morphology of the 24 culbures that grew at 46%, wers inverisbly
large rod forme. These rods were much larger then these found in the

cultures incubated at 57°C. lany pleamorphic forms were evident, Some
of the cultures showed granules, while some m&ami very irregulerly.

The results showed thet all the lsotobasilli grew well and cosgulated
the milk st 379C,, while at ths tther temperatuves variable results were
spoured. None of the organisms that grew st 10%C, could groa at 48%C.,
and of the 13 that grew st 21°C, only 4 grew at 46°C.; 1 of thess wms
from rew milk, 2 from Swiss cheese and 1 from corn stover, None of the
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THE FLAVOR AND ODOR PRODUCTION IN MILK BY LACTOBACILLI

An attempt wag made to compare the flavor and odor production of the

36 cultures of laotobaeilli by the following procedures A flask cone

taining 200 cos of sterile skim milk was inococulmted with 0,1 co. of an

actively growing milk culture, the milk inoubsted st 379C. for 48 hours
and cooled to approximately 15%C. The cultures were then shaken thors
oughly end judged by Prof, L. H. Durgwald, Departnent of Dalry Teshnology,
Ohio State University. The following summry gives the flavor end odor

of each sulture examined:

No.

Flavor

B B B

W o o O M W D

Sharp, clean, desirable aoid
Clean, high acid

Clean soid

Clean sold

Clean aoid

Sharp acid

Very sour

Very sour, souwe indications of
an acebic noid flavar

#ild scid

Hild soid

Mild, slightly flat ecid
Clean, mild ecid

Acid, very slight, odor of
& good butter culture
Mild aoid

8light acid

Siight acld

Eedium acid

Hedium sold

Strong acid

Btrong acid

Acid

Lacking in odor
lacking in odor

Congiderable odor, regembling
good butiter culture
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) Ho.

13

14
15
16
17

18

19
20
2
22

25
26
27

29

31

&

38

Desirable, cleen acid
Clean ﬁeﬁiﬁ

Sharp acid

Clesn, sharp meld
k&lam, sh&rga &ai&
Clean, sharp &@&
Clean, sharp acid

Mild mcid

¥1ld sold

Mild acid

Mild acid

Hild moid

Mild amcld

¥ild, slightly flat soid
Mild acid

Undesirable seid, chalky
Sharp soid

Sour soid

Clean, mild acid

m;*p acid

Sharp, desirable aoid
Hild aeid

Clean, mild woid

Sharp acid

— . O%0r
Acid odor
Mild acid

%m acid odor
Strong actd odor
Smyaém odor
Pleasant aoid odor
Fleasant acid odor
Pleesant acid odor
Plessant acid oder
Pleasant anid odor
Ho odor

Slight aeid
Pleasant soid odor
Unelean acid
Pleasant aoid odor
8light yeasty odor
Aoid

Mild acid
Fleasant moid odor
Acid odor

Ho odor

Congiderable asoid odor

Aeid, wclean e&w




The summary shews that all the @ﬁgm gave scid flavors that wvaried
from olean, mild and desirable to gﬁ high aoid undesirable, The six
Ls gwmagwwﬁ cultures secured from research ,Hﬂgwaﬁﬁmm&x 1 .«a 6)

and the lactobmailli isclated from acidophilus milk (Nos, 17, 18 md 19),
all geve desirable acld flavors that weried from milk to sharp sold odors
that varied from mild to strong scid, One of the L. bulparicus cultures

secured fram resesrch laboratoriss (No. 7) gawe a very sour wgw and
strong soid odor while the other (Ho. 8) gave a very sour 3@3& witha
suggestion of asetic avid and & strong acid odor. , |
The qultures isolated from rew milk (Wes. 9, 11, 12, 13, 14 and 15)
geave clean, mild acid flavors, and odors that renged from lacking to
the oder of & good bubter culture, except oultures Ho, 15 which gave a sharp
acid flavor snd strong ecid odor, The cultures isolated from Cheddar chesse
(Nos. 10, 20, 21, 22 and 28) all gave mild acid flavors snd the odors proe
duced ranged from none to m_wga asid, The oulture from pasteurized
%mw (Vos 18) zave & olesn, sharp acid flavor gn a strong acid odor,
Three of the culbures from Swiss cheese (Nos. 24, 25 and 27) gave mild seid
flavors and slight scid or pleasent acid odors while the other cultures
(No. 26) gave & mild, slightly flat soid flsvor end en unclean acid odor,
The three cultures from feed gave undesirsble {lavors charscterized as
undesirable eund chalky, sharp, snd sowr acid flavore and odors that were
characterized as slight yeasty, soid, and strong acid respectively,
The cultures isolated from feeal material (Nos, 31 to 36) gmve flavors
that were generally clesn and desirable with odors that rsnged from none
to an acid, wmolean odor,



w7 G

In general, it was noted that eulbures which produced a clean, mild
soid flavor ususlly gave & clean, desireble acid odor, while the oculbtures
that produced an umelean, flat acid flavor gave an unclean odor, or in
gome instances were lecking in cdor. It appeared from this study thet
cultures of lastobacilli which gave a desirable, pleasing flavor end odor
in milk were similer to L. scidopk

dlus, Culturss of lactobacilli thet were
lacking in & desirsble flavor and arome resembled the oultures of L,

bulgaricus which produced a sharp acid and sometimes an mlm off»flavor,

Tt was noted that all the cultures

s Togardless of the source from
which they imra isclated, gave an Mié fisvor whioh varied from a sherp to
a mild acid, Likewise, an odor suggesting acld vas evident in nearly every
culture, although the odor ranged from none to & very strong acid odore
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THE ACTIVITY OF CLOSELY RELATED CRGANISHMS IN MILX

In the isoletion of the lactobseilli that aotively fermented lactose
it was noted that colonies which were typical Lactobmoillus colonies often
fuiled to give a rapid cosgulation when i

| into milk. This was
especlially true when isolations were attempted from cerbain materisls,
but in plating such & product as mcidophilus milk all of the colonies gave
& rapid coagulation as would be expested, Relatively few of the colonies,
which did not produce o rapid cosgulation, gave conspicuous chmgm in
‘milk, such as proteolysis, or gas formation and most of them prodused omly
& slight incremse in the aocidity or gave no change at all.

From a total of 64 chares

teristics Lactobaoillus colonies ploked into
1itmug milk from the various sources of material, there were m colonies
thet 4id not mﬁiwly woagulate the milk within 36 to 48 hours. The follows
ing summary shows the ection of 27 of such colonies that were pmkad into
litmae milks

Bouree of waterisl  No ohange in the  Reddening of Partisl coagulation
from which the cole ocolor ef the 1:& the litmus of the milk
onies were picked “Wumber of oolenies pioked into Iitmus =

Froesh ensilage
Corn stover
Pasteurized milk
Cheddar cheese
Swiss cheese 2

Call feges B 4
Dog feces

Infant feces 1 1
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The results indicated that 14 colonies fallsd to produce any changes
in the litmus milk while 9 showsd & reddening of the litmms but feiled to
produce suffioient acid to coagulate the milk, and 4 produced only a
pertial cosgulation in the milke A4ll of the 27 colonies picked into
litmus milk appeared to be charecterigtio Lactobacillus colonles, as in
dicated by thelir size and shape on the tomato julce agar medium,

ng to note that 6 of the oolonies which failed to show
any chengos in the milk were obtained from deiry products, ¢ from feed
and 4 from fecsl material. Howsver, 2 colomies that produced a slight
amount of scid in the nilk wers obtained from deiry produsts, 1 from feed and
& from feoal material, while the 4 colonies that produced &:‘L‘ya'whiﬁ
eoagulation in %.Iw milk wore sesured from feonl materisl,

These cultures were not studisd furt

¢ beseuse the main interest was
to select various strains of lactobacilli that would astively coapulate
the mﬁk-
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dustion of volatile acid and .mmtym'hhyimrmoz + diacetyl by & majority
of the organisms studied, The increases, however, were insignificent and
in & number of instances the sddition of the acid resulted in k‘& desrease
in MW for volatile acid and scetylmethylearbinol + diacetyl. If the
citric acid were the source of the flavor and aroms constituents, the addie
tien of it to milk should result in a conspionous inoresse in values for
volatile aoids end wﬁylmﬁwlm%imi + diascetyl, ss is the case with
the citric ecid fermenting streptosocei in butter culturss, The relatives
1y high ﬁluéa for volatile #ai& and soebylmethyloarbinol + discetyl obw
tained in plain milk with several of the oultures, suggest further studies
to determine the sources of these materials. It would also be interesting
to deternine whether the lsotobacilli that produce acetylmethylearbinel +
diacetyl are abls to destroy it, as is the ma with butter oulture
organisms, 7

The addition of 0,05 or 0,1 per cent acetaldehyde to milk resulted in
an incrsese in the produstion of acetylmethylearbinol + dimcetyl with a
najority of the organisms but the difference, in every case, was insige
nificant and in some instances the addition of the mldehyde resulted in
deoreases., The higher concentrations of maﬁa&éﬁﬁyﬁe appearsd to be
. %oxiec for the orgamisms., The feilure to cbtain significant increases
in sostylmethylearbinel + diacetyl by adding aceteldehyde suggests that
the formation of these materisls is not due to sn socetaldshyde condensabion.

Practically all the ocultures of lactobacilli produced appreciasble
amourts of carbon diexide in milk and in milk plus 0.5 per cent peptone.
The results, however, waried widely with the wariocus cultures isclated
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~on the gine ﬁgﬁ both in the optical activity end in the percemtage of
ﬁg of crysteallization. The velues for the water of orystallization
indicate that the acid formed remged from pure sotive to ,%aﬂauugw% pure
gﬁg‘ In g rumber of wﬁﬁgﬁnﬁm the mawﬁ.g@wa mﬁw%wﬁm_ nﬁ the gine
salts was O and, gﬂwﬁwmﬁ. the percentages of 3\3& of aﬁ%ﬁ%
tion should have w@g 18,18, but the gmguw wmlue %ﬁwﬁ&,g 16,95,

. ¥e sxplanation cen be given for the failure of these valuee to check, The

%&ﬁ& to

, Ls #oidephilus cultwres obtained from research lsborator

produce practically pure dextroerotatory acid while the ,.F, wcw ricus

cultures seemed to produce chiefly inaetive mcid. These results are in
accordance with those of m&%&%ﬁﬁ& Basa {43) in their study of pure

culbures of L. scidophilus, in which they state that the cultures which
they designated as L. ﬂewmam#ﬂﬂu gave the dextro form of lmctic acid,

This did not umq% with the work of Curran, Rogers and Whittier (14) who

olaim that the lsectic scid produced by L, scidophilus is entirely of the

inactive type, while oultures of wnoertain identity, called L. bulgarious

or L, oasel, produced a mizture of lactic acid of the insctive snd active
form, The gww%w a8oid was & %a.«n.o mﬁﬁ.

S8ince there was & wvariation in the laetic secid produced, whieh

varied from an active to almost a pure inasctive foym by the various
gultures used in the present study, it was interesting to note that cultures
isolated from fecal material invariably gave the sams form of acid as the

cultures of L. soidophilue cbtained from various resesrch laboratories.

Many of the cultures obtained from dairy products varied from an active
to an inmsotive form of acid. In most instences, the dextro form of acid
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was prodused by cultures isolated from rew and pasteuriged miik and come
nergial acidophilus milks The d=form of noid was formed by most of the
sultures from S+dss cheese, vhile the inective acid was pmmt wi?&h

the organisms from Cheddar cheese. Cunltures obtained from feed gave an
inasetive form. This work indicated that cultures designated as L. aoidophi-

lug as well as those obtained from fecal material prodused mkﬁam that
was largely dextro form. Also, in most instances, cultures cbtelned from
dairy products, with the exception of Cheddar cheeme, gave an soid that
was lsrgely a dextro form. There were a few cultures that prodused an
acid that was largely insctive which might indiecate that the cultures were

either L. bulgaricus or L, oasei,

Although there was no appurent proteclysis, the amlno nitrogen
deterninations indicate that lactobseilli are able to partially break
down the milk proteins. The sbility of most of the lactobacilli to ine
orease the emine nitrogen content in milk is sigmﬁm from the stande
point of the ripening of cheese such as Cheddar and Swiss in which the
protein breakdown is partially responsible for the development of &
desirable texbture : and flaver. Although the results wore wariable there
was, in general, e gradusl increase in smino nitrogen duwring the incubae
tien period of € wesks, With a fow of the cultures there was an apparent
deorease in amino nitrogen at certain examinations but these decreanes
were not proncumeesd and were not wmnmiform and therefors are of no pare
tisular significance, In nearly every inetance, greater amounts of emino
pitrogen were formed in milk with saleium carbonste added than in plain
milk, Undoubtedly, the acidity formed by the organisms hed a tendenoy to



interfere with their meximum activity. UNo significant relationship scemed
to exist between the amount of proteolysis snd other biochemical features,
The failure of the deuterium oxide to exert any effect on the morpholegy
or rate of growth of the lactobacilli should not be asvepted as conclusive
beouuse the number of trials wes limited and the coneemtrations used perhaps
did not cover a wide enough range. |
The growth of the laotobacilli in milk at wvarious temperatures gives
e suggestion as to a possible geparation into species on the basis of
growth temperatures. The L. acidophilus and L. bulgaricus cultures

ssoured from warious resesrch laboratories, and the lactobseilli isclated
from acidophilus milk and from fecal materiasl, including 17 ocultures, all
grew woll at 37° and 48°C., but failed to grow at 10% or 21°C, On the
other hend, 13 of the remeining 19 oultures isolated from raw end pasteurs
iged milk, Swiss cheese, Cheddar cheese and feed grew et 21%C. and only
four of these grew st 456°C, The work of Sherman (66) indioated that
lactobaoilll, resembling Ls bulgarious, did not grow at 169C. and grew
very slowly below 20°C., while L., ocagel and L. scidophilus grew mt 20%C.
Later Sherman and Stark (67) esserted thet L, bulgeriocus end L, scidophilus

grew at 450, but not at 15°C., while L, cagei grew well at 15%., but
not et 45%C. This work was later confirmed by Curren, Rogers and Vhite
tier (14)s The findings reported in this work indioate that cultures
that grew at 109, resembled the L, casei type, since they were cbtained
from raw milk and Cheddar cheese, Those that grew at 459, ram.mt the
Le bulgarious or L. scidophilus types. There appeared to be no means of
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separating L, bulgaricus from L, acidophilus except on the basis of their
sources, Therefors, cultures obtained from feosl material would be clasaed
as L, soidophilus. |

All the ocultures produced an scid flavor in milk which varied from
a mild to a very sour asid flavor. In most cases, an acid cdor was
evident, although it varied from flat or not detectable to a strong acid
odor, In general, oultures that produced a clean, desirsble mcid flavor
geve a clean aold odor, while those that produced m very sour or flat
flevor usually geave an undesirsble, unclean odor. There appearsd to be
little difference in the flavor and odor produetion among the various
cultures isolated from different sources, and apparently thers was no
correlation between the flavor snd odor and the production of total aoid,
volatile acid or gﬁggﬁgﬂgﬂﬁ + dimcetyl,

It was apparent %& nany of the Laotobmoeillus type colonies, isolated
from various sources of material, did not mctively coagulate swww. 8le
though the %%@Spm%ﬁ% of the solonies appsarsd o ba much the
 ssme, Since variocus g»mugﬁ have reported the wide a»ﬁﬁgﬁg
of the Lactobacillus group of organisms, it was assumed that not all |
of them were oapable of ﬁmﬁ%&w&m themzelves in milk, In fact, a few of
the ¢olonise isclated from deiry products did not produce any shanges in
the litmus milk, nor did some of the colonies obteined from other sources
produse changes in the milk. On the basis of thess observations, it would
be safe to assume that not all sharecteristic Lactobacillus organiens are
capable of soaguleting milk repidly. Therefore it is probable that there
mey be a group of organisms closely related to the Lactobacillus group
which are not capsble of adapting themselves in millk,



CONCLUSIONS

1. Tommio juice ngsr gives higher and more wvniform éerm:&s’ with
laotobacilli than does beef infusion ager plus 1 per cemt lactose, cabbags
ag&f, casein digest agsr or whey agary the resulte obltained with ﬂm
beef infusion egar plus lavtose are strikingly lower than the counts obw
tained on the other medis, |

2, lectobmroilll may be isclated from commercial mmegshﬁus mnilk,
rew milk, pasteurized milk, corn stover, ensilage, Chedder ahesse, Swiscs
cheese and oalf, dog, infant and rat fece. When the material is known
to contain mmerous lactobacilli, the orgenisms may be isolsted very
sasily by direct @htm on tomato juie@ agar but when other orgenisms
are dominent sn enrichment procedure nmust be used before plating.

. 8. Appreviable quantities of total acid, wolatile scid and acetyle

" methyloarbinol + dlacetyl are formed in skim milk by most of the lmotow
Vm;iili; the amounts of these mﬁarm‘is produced by the different cultures
 waries greatly and there is mo close correlation between the smount of
total soid and the amounts of volatile acid or asetylmethyloerbinol +
diasetyl groémwd by & culture. ‘

7 4, The addition of oitric acid to milk has no significant effect on
the amounts’of volatile scid end acetylmethylearbinol + dimcetyl formed
by the organiems,

> 8a The sddition of acetaldehyde does not significantly inorease the
. prodwtion of msetylmethyloarbinel + dimcstyl bty the organisms in milke
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weoks. The orgenisms produce greater amounts of emino nitrogen when the
acid developed is partially neutralized with calcium carbonmte,

12, Deuterium oxide has no effect on the morphology or rate of multie
plication of lsctobacilli. | .

13, The lectobseilli grow well and cocegulate milk at 37%C. but
the results obbained at other temperatures are variable. The L, scidophe

ilus end L. bulgericus cultures secursd from various research laboratories
and the lactobacilli from fecal material grow well at 37° and 45%. but
not at 10° and 21%. In genersl, the lactobmeilli from raw milk, Swiss
cheese, Cheddar chesse and feed grow at 219, but ﬁat at 45%.; a few
of these organisms also grow at 10%C. |

14, Laoctobmeilli give an acid flavor in milk which varies from a
clean, desirable acld flavor to a sherp, very sour acid flavor, The odor
waries from acld to flat; in some instances no odor is deteotable.

16, In isolating laotobacilli, orgenisms may be encountered which ree
. gemble laotobacilli very olosely but whioh do not cosgulate the milk
rapldlys some of these produce verying swmounts of soid end others produce
alizht proteclysis.
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