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GENERAL INTRODUCTION.

Certalin members of the genmus ILasctobaecillus
{Beijerinek) are of pariicular importence to the dairy
industry; namely, L.acidophilus {Moro}, L.bulgaricus

(Grigoroff), and L.casel (v.Freudenreich). 0f these, the
first two have in recent years occasioned an increasing
amount of interest because of their suggested therapeutic
vaiue in the treatment of intestinal disorders and be-
cause they sre so alike culturally that some doubt still
exists as to definite differentiating characters. The
third, although recognized several years prior to the
others, has received comparatively little attention except
in its rélationship to the riﬁening of certain types of
cheesé.

- TPhe purpose of this study has been to investigate
various organisms usually considered as belonging to these
three species with a view to correlating some of the more
outstanding characbters; such a correlation of characters
was considered'of valug in proper identificatiaﬁ.and clgss-‘
'ifigation. |

The work has been organized and presented in four

parts. Part I is a discussion of the distribution and




isolation of the organisms studied. Part II includes
studies on growth temperatures, on the effecis of surface
tension of the medium on growth, on the character and
amount of acid produced in milk, and on the proteolytic
acticn of the organisms in milke. Part III includes ob-
servations on the physiological adaptability of some of
the organisms as determined by experiments with hnumans and
ratse. Part IV includes a comparison of sterilization and
pasteurization of milk for the preparation of acidophilus
nilk, and a study of the effect of different temperatures
on the visbility of L.acidophniluse.

In each part & review of the literature bearing on
that phase of the subject has been given. ' N¥o attempt has
been made o make these couplete inasmich as excellent
reviews have appesared gt intervals in the natural develop-

ment of the varicus problens,

PART I.
DISTRIBUTION AND ISOLATION.
Introduction.

Microorganisms are influenced by their envirommental
conditions and adapt themselves in various ways, often to
éuéh an extent that they cannot exist where the conditions
_are not similar to those to which »they have become accustomed.

This adsptatlion of organisms to a favorable enviromment




nay be very strict in its linitations as is the case with
strictly parasitic types which may require very definite
host conditions, or it may be niore general as with merbers
of the colon-zerogenes group which adept themselves to
wide variastions in enviromment. When considering certain
groups of organisms the source from which they are isclat-
ed egonstitutes a point of considerable importance; when
correlated with other definite characters, this often
sids in the rroper identification and c¢lassifiecation of
species in the groupe Consideration of the sources of the
cr‘ga:{lisms studied in this wori then should be of counsid-
erable value when correlated with various chsracters to
be discussed in part II. |
Revisw of Literature.

In extended studies on the ripening of Swiss cheesse

von Freudenreich {1891) first named as the causal agent

Bacillus alpha, but a few years later {1893) he ascribed

the leading role to Bacillus epsilon. Some years later he

end Th&ini {1904) described the group of organisms more
completely.

Orla-Jensen (1906) confirmed the statements of
von Freudenreich that B.casel E was the most imporbtant.
age;lcy in the ripening of Emmental cheese and that it reached

its maximm nunbers soomn after the cheese had been made.




Up to this time B.caseli E had apparently been
considered only in connection with Swiss cheese, bub

Fascetti {1907) found that a starter of Bacillus casel E

and Hycoderma thoni used in making Grana cheese gave

the characteristic structure and savor of Gruyere cheese
within a three months period,

In the principal work or the bactericlogy of
cheddar cheess in this country Evans, Hastings, and Hart
{1914), Eldredge and Rogers (1914), Hart, Hastings, Flint
and Evans (1914), and Hucker (1822) have all stressed
the extensive presence cof the lactobacilli ol the Bacterium

casel and B.bulgaricus group and their role in the ripen-

>

ing of this type of cheese.
Samsrani {1907) reported that the Sardinian fere
mented milk, Cieddu, contained only two forms of micro-

organisms, one of which was @ variety of Bacterium lactis

acidi and the other & variety of Bacillus casei of

Freudenrelich.

Hastings and Haxmer (1809) during an investigation
of the cause of high acidities in milk, isolated the
causal organism, which they stated was a.bacillﬁs closely

related to B.bulgaricus and to B.casel E, They found the

bacillus widely distributed in milk, butter, and cheese.
| Burri and Staud (1915 end 1017) failed o cor-




roborate the work of von Freudenreich and Orla-Jensenv
as to the role of B.casei E in the ripening of Swiss
cheege. They found that this organism was absent after
the £ifth month and present only in smallinnmbers 2t the
end of the third month. Cheese containing large numbers
of B.casel E in the earlier stages were soon overcrowded

" with strains of B.casel(alpha) and B.casei(gamma). They

reasoned that since B.casei E was not rresent in fully
ripened cheese it was not the chief cause of the ripening.
Recently Sherman and Stark {1927) reported the

predominance of L.casei as compared to L.bulgaricus and

L.acidophilus in both Grade A and ordinary milk. O0f the

Grade & samples, 71% contained L.casel in numbers of at

least one per ¢c., while only 129 conbtained L.bulgaricus

or Leacidophilus In like -numbers., In the ordinary milk

L.casei was present in 947 of the samples in excess of
ten per cc., while only 2.3% contained the other lacto=-
bacillii in like mumberse.

In the field of intestinal bacteriology the work
of Escherich (1886) stands out as the first systemstic
stﬁdy of intestinal types. It remained for Horo (1300)
and Tissier (1900) to isolate two types which Escherich
had obgerved but failed to isolate., The former inoculated
fecal méterial from infants into beef wort bouillon for
enrichment ahd then by plating the sediment on acid beer

wort agar optaiped nearly pure seedings of the species

~y




which he named Baclllus acidophilus. He claimed this

species as the predoiﬁinating type in the stool of the
normal nuréling infant. Tisslier calied his type Baclllus
bifidus and made the same claims for it which Horc had

made for Bacillus acidophilus. He ®as substantiasted in

this by several workers and his contention was Pinally
also admitted by Moro (1905).

The sé.me year that HMoro announced his new species,
Finkelstein (1800), working independently, reported the
isolation of an organism whicit he considered identicsal
with that of Moro. He reported the method which he used
for isolation as one which Feymann had been using for
two years, and it nias been used with modifications almost
exclusively since then by the many workers in this fisld.
It consists of inoculating fecal material into 0.5-1%
acetic acid bouillon eontaining 2% dextrose, incubating
for 24 to 48 hours and then pj.ating on glucose agare

For isolation purposes Kendail {1910b) used
¥/20 acetic aeid bouillon, transferring 1/2 cc. at 45 hour
intervals three times, and then plating. He proposed
the term "acidurie" rather than "acidophilie! for the group;
Rodella {1901) several years before had objected to the
ﬁerm,“séureliebenden." Kendall presented an excellent

review of the literature up to this time.
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The number of articles published show that sbout
this period interest in this group of intestinal organ-
isms received an impetus which has continued to the
present. Cammidge (1914) mentions acid dextrose broth

as "specific" for the isolation of Be.acidophilus and

B.bifidus. Torrey (1915) found in the stools of typhoid
fever patients studied that B.acidephilus was the only

organism aside from yeasts capable of growing in sacetic
acid glucose brothe He used infusion bouillon contazining
1% dextrose adjusted to N/5, N/10 and N/20 acetic scid
inocu;ated with 0.8 tc. of a fecal suspension of 500 mge.

in 50 ccs of normal salt solubtion. ZLater Torrey (1917)
reported the use of beef liver glucose agar "adjusted to

+4 acid" in the examination of feces as a means of inhibite
ing the growth of streptococci and most strains of B.coli
and for differentiating between B.acidophilus and B.bifidus.

Cannon (1924) isolated 64 strains of organisms
from the feces and sputum of adults by means of 0.25%
acetic acid, unnautrhlized dextrose infusion broth with a
PH of 4.8 =~ 8.0+ EHe ﬁﬁde transfers three times at 24 hour
intervals before plating on whey or dexbtrose yeaét BgoT
In the same year Goldman (1924) mentioned N/10 acetic acid
brothias of help in isclating Be.acidophilus £rom feces of

humans.




Kulp and Rebtger {1924} obtained their cultures
from the feces of rats elther bty direct plating after
liberal feeding with dextrin and lactose or by using
Heymann's glucose acetic acid broth as an enrichment
medivm without preliminary carbchydrate feeding.

In isolating cultures from the feces of ca_lves,
oreutt (1926} made use of standard sgar, plus horse blood,
adjusted to pH 6.8 = 5.0; in this medimm B.acidophllus

colonies formed small greenish zones.

A method not involving the use of enrichment media
was suggested by Briedigam and Chang (1924) in which
colonies could be picked Trom a heavily secded plate by
means of a capillary pipette manipulated by a microscope,
the colony fished being in focus under another.

Sources cther than the gastro-intestinal tract of
nan and various animals have been reported by several in-
vestigators. Heinemann and Hefferan (1909) offered the

suggestion thet B.bulgaricus through its lactic acid pro-

duecing properties might be the cause of caries of the
teeth, while Howe and Hatch (1917} isolated organisums
whieh they found to be the constant and predomixiant flora
of dentsl caries; these they considered identical with
the E;ioro-Tissier group.

¥cIntosh, James snd Lazarus-Barlow (1922) and




Rodriguez (1923) confirmed this work and eocnsidered
L.acidophilus the etiological factor. Heintosh and his

co-workers suggested the name L.acidophilus-odontolyticus

for the groups, Sierskowskl and Zajdel (1924) confirmed
finding the types reported by these investigators. At
about the same time Clarke (1924} reported finding

B.acidophilus only in advanced cases of caries and named

S.mutans as the causal agent. In this country Bunting
and Palmeriee (1925) found B.acidophilus present in 100%

of 73 cases of initial caries lesions; in 94% of advanced
caries; and in 164 of mouths immune to caries. They
coulé see no reason for a different name for the groups
on the baslis of morphology or fermentation tests.

In a study of the zcid bacilli of the normal
vaginal secretions, Jbtten (1922) decided that Doederlein's

bacillus and B.acidophilus were identical.

Grigoroff (1905) isolated a rod form from Bulgarian
podvaka; the starier for "kisselo-mleko", by inocculating
into sterile milk, then making several dilution tubes in
lactose gelatin, and picking colonies from them. This
rod, which is now calied L.bulgaricus, he called Bacillus A.

Heinemann and Hefferan (1909) reported a study of
Baciilus bulgaricus isolated from the feces of humans,

“cows, and horses, from cattle feed, soil, market milk,
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humen saliva, gastric julce, cormmeal, sauerkraut,
olive juice, dill p.ickles and pepper mangoe. They inog-
ulated the msterial Intc 0.57 acetic acid, 29 gluccse
broth, incubated 24 hours, then transferred to litmus
milk from which they plated on agar to which 0.5% acetic
scid was added. .
tevenson {1911) confirmed the findings of
Heinemann and Hefferan, and of Hastings and Hammer as to
the wide distribution of the lactobacillii, finding them in
market milk, Swiss cheese, Deutscher Kise, Scotech cheddar
cheese, sauerkraut, human saliva, feces of cows, and
soil, PFor isolation purposss he used yeast whey for
enrichment and whey agar with chalk as a plating medium.
Iin a study of the Boas-Oppler bacillus from three
cases of carcinoma Galt and Iles (1915) concluded that

the organism was identical with B.bulgaricus or showed
only minor differences. They used whey as an enricbment
medium before plating on "nasgar®, |

Hunter and Bushnell (1916) found the Bulgarian
type to be the predominating organism in the fermentation
of normal silage. Their resulis were confirmed ‘by the
work of Shermasn (1916), and Heinemann and Hixson (1921).

 Clark (1917}, in discumssing the acid production of
| ‘B.bulgaricus in artificiel media stated that he found the




gseme pH in silage juice and spontaneously soured corn
meal gruel, in both of which others had found B.bulgaricus
to be dominant, ‘

Allen (1919) reported the isolation of B.bul-

garicus from viacous starch and giuten liguors in the
wet process of manufacture of products from corn and from
the corn as it errived in the cars.

Orla-Jensen {1921) stated that he had never suc-

cceded in finding Thermcbacterimm bulgaricum in the feces

of adults even after large daily doses of yoghurt, nor in
those of an infant constantly fed on milk inoculated with
a Pew drops of yoghurt, but by inoculating a little of the
feces into milk kept at 45° C. the yoghurt rods were ob-
tained as a pure culture.

As noted above Sherman and Stark {1927) have re-

cently reported the presence of L.bulgaricus in milk, al-

though in much lower mummbers than Le.casel.
Yethods.

The cultures used in this study were obitained by
original isolations from dairy products and the feces of
humans and animsls, and from research and comercial dairy
laboratories.

The Le.casel strains were isolated from cheddar

| -cheese or milk by using milk es an‘evnriclment medimwm and
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then pilating, except in one case in which the cheese
was plated direct. When cheese was the source a plug
was taken with a stevile trier afier scraping off a
small area of the surface with a sterile spoon. The
lower end of the plug was then cut.into & Petri dish by
pressing the cheese on the edge of the digh. From these
plugs pieces were removed with a heavy transfer needle,
placed in small bottles of sterilized skimmed milk and in-
cubated at 37° C. under aerobic conditions Ffor one week,
Plates were then poured with whey agar and from thenm
colonieé'were picked intc tubes of litmus nmilk, The pre-
sence of the Grem positive rods in the tubes wes deter-
mined by the usual staining methods,.

The strains isclated from milk were obtained
by incubating fairly large samples of raw milk at 37° C.
for 7 to 10 days, at which time microscopic examination
showed the presence of rod forms, The usvsl method‘of
plating and picking colonies mentioned above then yielded
the cultures for study.

iThs fecal specimens were taken in sterile Petri
dishes and brought to the laboratory lmmediately so that
in only one Iinstance was the material more than one or two
hours old when the work of isolation was begun.

In the isolation of the cultures considered as
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L.acidophilus two principal procedures were followed with

success; a dilution method and the Heymann acetic acid
bouillon methode In the former the fecal material was
inoculated by means of a lcop into a sterile water blank

and from this into a series of twenty or more btubes of

-

litmes wiik, using a varying amount of the dilutiocne Ab
the sane time that these litmus milk inocuiations were
made, plates ivex‘e poured with whey agar for direct exam-
ination. Transfers intc mllk were made from the tubes of
the highest dilution which showed evidences of growik

at 37° G. within two to three days. After several such
transfers for enrickment purposes the milk was plated on
whey agar and colonies picked for purification.

In the Heymann acetic acid methnod the feces were
inoculated heavily into beef infusion boulllon containing
2% dextrose and adjusted o N/10 acetic acid; the tubes .
were held at 37° C. At intexvvé.ls of 24 hours, two successive
transfers to other bubes of the acid broth were made,
uging pipettes in order to secure heavy inoculatiocnSe.
'_Ewenty-fmw hours after the last transfer, plates were
péured from the original tube and the two transiers.
Colonies developing on these plates were examined under the
micfo-scope and the various types picked into litmus miik.

By subseguent examinsticn of the tubes of milk showing



growth, the cultures for study were selected.

Regular gradations in the size of the cells exisi-
ed which would have made it possible to divide the culw
tures into several groups although there would have been
no sharp line of demarcation between the various groups.
Variations in size were also apparent in the cells of
each culture, even after purification by repeated plat-
ings. This pleomorphic charscter among cultures of these
organisms, which has been constantly noted by various
investigators, is one which is particularly confusing
when examining such stained material as a fecal smear
where all gradations in the size of the cells are seen,
and slso in the examination of a culture when doubt exists
as 0 its purity. Such wide variation in size in the
suppoéedly pure cultures would have complicated the
division into several groups, as ong culture might, from
the appearance of individual cells, have been placed in
more than one grompe. It was decided that for purposes of
this discussion two genersl groups would be sufficlent and
the least confusing, so the cultures were designated as
large or smalle With these two groups there Wés no doubt
as to the proper placing of the cultures sincevthe'large
orgahisms were definizelg'rafher thick rods varying from

" short to very long forms, and the swall types were all
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slender rods, with a similar variation in length.
Results Obtained.
SOURCES:

The data showing the sources of the 86 cultures
studied are presented in Table I; sa statement of the
relative size of each culture is included.

Nine cultures were obtained from research and

comuercial leboratories as representative L.acidophilus

straing; six of these were classed as large and three

as small. Seven representative L.bulgaricus cultures,

including one of the original Hetchnikoff strains, were
secured from researck laboratories; of these, five were
classed as large and two as small,

Sixteen cultures considered as L.acidophilus were

isolated from the fecal matter of man and animals; seven
were classed as large and nine as smelle Five of the seven
large straing were from the feces of young calves and two
from the feces of rats. Of the nine small strains seven
were secured from the feces of infants from three weeks to
one year of age, one from an sdult, and one from & rat.
Fifty-four culbures considered as L.casel were se-
cured by isolation and from a research laboratory. Of
thege 37 were isolated from milk and well cured cheddar
cheese; and 17 were secured from the stock aulturé collec~
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316 11 1 3] 045 L1 1] n
S1%7 Rat o " cad " ) -y
0l Researoh lab, " 0458 " n u
02 ahed('lw chee a0 i 046 1 t 1",
C3 Raw mllk " o4y u n it
05 11 n 11 048 i 1 i
04 1t n 11 049 n 1! 1t
¢5 Cheddar cheeso " 050 " " "
06 1" n i 051 1] ] 1]
o ] ] 1 052 ] 1 i
08 L " n 053 1t ] 1
cg ‘ " n 1! 054 1 1] "
c10 u " " 85 ] i "

* A = L, acldophllus cultures from laboratories
B = L, bulgaricus cultures from laboratorles
S = L. acidophilus culbures ilsolated
¢ w L. casel cultures
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tion maintained by the Daliry Bacteriology Laboratory of
the Iows Agricultural Experiment Station. BSixteen of the
latter were ilsolated sbout twelve years previous to this

study from samples of milk ineluding one from Canada,'one

1 from Dermark, one from the Isle of Wight, and three from

Ireland, while the source of the other was not known.

0f the 37 cultures isolated, 15 were obiained from cheddar

1| cheese and 22 from raw milk. Of the 15 cultures from

1 cheese, one was classed as large and 14 as small, while

of the 22 from milk, 12 were large and 10 small. Among the
54 Le.casel cultures there were 13 classed as large and

§ 41 as small.

Of the 86 cultures included in the study, 31 were

4 classed as large and 55 as small.

Several writers have suggested the pcssibiiity of

é morphological changes In organisms carried through a long

i series of transfers, but no such changes were seen durin

% the course of this investigation. So far as could be

; determined, the slze of the cells in every culture was

% the same at the conclusion of the work as at the begimning.
METHODS OF ISOLATION:

FROM DAIRY PRODUCTS: The use of milk for enrich~

% ment resulted in the isclation of fourteen culbtures from
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cheddar cheese; faillure resulted in only one instance.
One culture was obtained by the direct plating of the
cheese; this was the only instance in which cheése‘ was
plated direct since pravious experience had shown the
enviclment method to be more certaine.

The isolations from milk presented no particular
difficulties except that in several instances heavy mold
growth interfered with picking colonies so that several
platings were necessary for purification. Twenty-two
cultures were obtained by this method. Failures resulted
in three cases in which the milk was of poor quality and
was rapidly peptonized.

FROM FECAL MATERIAL: Examinastions were regularly
made of Gram stained smears of all fecal specimens and
tabes of litmus milk were inoculated directly from the
specimens and the charscter of the resulting fermentation
observed. When large numbers of cocci or Gram-negative
organisms were present, the curd developing was invare
isbly of the stormy type with a considerable amount of
wheye Usually when considersable numbers of small Gram-
positive rods were present the curd formed was fairly
smooth and with only a slight amount of whey; in one

case, however, although the smear seemed to contain almost

‘exclusively small Gram-oositive rods the fementatioh was
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quite stormy and stained smears of the milk showed the
presence of large mumbers of cocci and irregular staining
rods which failed %o appear on whéy, agar plates or in
successive transfers in milk. Several attempts at iscla-
tion in this case were unsucces sful s the probable ex-

planation being that the orgenisms were the bifid rods

~described by Tisslier which rsequire anserobic conditionse.

The dilution method was successfully employed in
three cases. From the series of litvmus millk dilutions,
tubes were found in which the curd was smooth and firm, with
only a slight amount of whey; the litwus was first red-
dened and then reduced, leaving the characteristic red
band at the top. The desired organisms were then readily
isolated by plating and picking eoclonies into litmus
milk. In two other instances in which dilution tubes
were prepared, although coagulation occurred in some, no
Gram=positive rods were found in smears and no further
attempt was made ;co isclate organisms from them.

"The Heymann acetic acid bouillon method was sue-
cessfully employed with six fecsl specimens from which
ten cultures were isolated. The best plates from the stand-

point_of the distribution of desired colonies were obe

: tained from the originel heavily inoculated acid bouilion

tube and the first transfer. Ancther point of interest



in this connection is that one specimen was inadvert-
ently held in the refrigerator several days before work
was begun on it and yet the isolation was successful.
Possibly the necessity for haste in working with fecal
specimens has been overstressed, as Jordan {1926) has
indicated in work with stored stools of Hyphoid patients.

The scid boulllon method was also used in two cases which

resulted in complete failures to isclate the desired

types, and in a third which was dilscontinued when one of

the other methods resulted in an isolatione OOne of the

I failures was in the cass previously mentioned in which

the fecal smears apparently consisted almost exclusively
of Gram-positive rods. The other failure may very likely
have been due to the fact that at that time a much lower
acidity than ¥/10 was used and the other types present
were able to outgrow the Crame~positive rods which were
present in much smaller numbers according toc the appear=-
ance of the fecal 'smear. It was also noted theat this
particular specimen was much darker than others and had
the most pronounced disagreeable odor.

Plates poured directly from fecal suspensions in
three cases contained g sufficient seeding of the proper
colonles to assure isolation of the rods by the first

pieking., In two of these instances the subjects from whom
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the fecal material was secured had been consuming milk
ferménted with culture Al for some time previous to supply-~
ing the specimens, while in the third the rat subject had
been on @ carbohydrate diet for some time, In later work
mmerous cultures not included in the main study were
isclated in this manner during routine examinstion of
feces from humans and rats. Milk inoculated directly
with the feces in such cases was praciically always co-
agulated smoothly with ver:y little or no gas or wheye.
Discussion of Hesults,.

Wide morphological varistions were found within
the pure eultures and in the variocus culitures, whether
from the same or different sources. All of the L.acid-
ophilus cuitures isolated from hmman fecal materisl
and mest of those from rat feces were smali, vhile those
frem calf feces were largee. Similar variations were
evident among the L.casel cultures; all of the strains
1solated from cheddar cheese except one were small, while
both large and small types were readily isolated Irom
milk, This suggests the possibility that envircnmental
conGitions in cheese arc not favorable for the develop-
ment of the large types although they were wvery probably
present in the milk used in making the cheese.

Such wvariastiocns in size indicate that size alone
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can not be depended upon for differentiation when con=-
sidering organisms belonging to these species. It is
probable, however, that this character is valuable
%hen gorrelated with other characterse.

Conslistent results secured in isolating culbures
of L.casel from milk and cheddar cheese confirm numerous
# reports on the prevalence of these lactobacilli in milk
and cheese. Success in isclating orgenisms of the

Le.acidophilus type from the fecal material of human ine

fants, an adult, calves and rats is in agreement with

the reports of various investigators. The fairly regular
appearance of the slender Gram-positive rods in the feces
of infants still on a milk diet also substantiates other
investigations. This further suggests the possible value
of a milk diet in establishing these types in the in-
testinal tract.

In the isolation of L.casel the use of milk for

enrichment purposés proved very satisfactory. Results

obtained with various methods of isolating L.acidophilus

seemed to indicaie the advisability of using the Heymann
acetlc acid medium Por enrichment before platiﬁg oute

The dilution method and direct plating of fecal mai:erial
were also successful but except under favorable conditions

" the more certain method meemed to be the use of an acid
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med.ixm. These results agree with those of various in-
vestigators most of whom have depended entirely upon

acid media to favor the developument of these laciobacilli.

PART II.
IHMPORTANT CHARACTERS.
Introduction.

Various characters have been suggested at differ-

|ent times for differentiating between L.bulgaricus and

L.acidopiilus. Among the earliest of these was the fer-

i mentation of carbohydrates, particularly maltose, which

i Lebulgaricus was presumably unable to ferment. However,
Grigoroff (1905) in his original description of this or-
ganism named maltose as one of the sugars which it was able
to attacke 4 dlfference in the ability to ferment maltose

1 was made practically the entire basis for differentiation

H between Le.bulgaricus and Le.acidophilus by Rahe (1914 and

1915), ard was the deeciding factor used by Rettger and
Cheplin (1921) wﬁen they were otherwise in doubt as to the
identity of organisms forming a colony typilcal of both
species. HMany investigators have reported inconsistent

. re:éults on carbohydrate fermentations and this inconsia.t-
ency has even led to the proposal of new species and the
division of existing species into several groups on this

basis. More recently it has become quite generglly

¢
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' accepted that this is not & satisfactory criterion upon

| which to base the differentiation of L.bulgaricus from

Le.acidophilus, though it may be of value when ccrrelated
with other characters.

h Colony formation has proven unreliable because

of the close similarity between the characters of the

‘_ colonies formed by the various types, and because the
appearance of the colonies is greatly influenced by

gsuch factors as the charactef of the medium in which they
are formed and the crowding of colonies on the plates.
There appears to be no definite correlation between the
morphology of the organism and the itype of colony formed,.
Ax one time the total amount of acid produced by
the various species was considered sufficiently distinet
to serve as a means of differentiation, but such wide
variations have been reported that it appears advisable
not to lay too great stress upon this particular charscter
[ alone. The type of acid formed is also @ point upon
which there has been little agreement.

A The temperature at whieh L.bulgaricus grows has

been generally considered to be quite high within the
optimum range for the lactobaecillii some reports'have ine

dieated that both L.casei and L.acidophilus are also able

' to grow at the high temperature commonly ascribved to
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. Lebulzaricus. DBecause of the almost thermophilic
character of the latier species it has not been generally
considered that it could grow at tempérz_xturea mach below
| 30° C., while L.casel especially is regularly known to

' grow at the low temperatures used in curing the types of

cheese In which it occurse. Probable varlations in the

ability of these three species to grow at 45° C. and

5 15-20° C. were suggested by Sherman (1921); this was re-
i stated with modifications by Sherman and Stark {1927}
in more definite form and suggested as a means of differ-

1 entiation.

Variastions in the ability of L.bulgaricus and

| Leacidophilus to. grow in redis with a reduced surface

tension were first repcrted by Albus and Holm {1925)s
1 Their results were evidently quite definite and suggest-

ed a method which might prove of considerable value in
differentiating between these two speciese.

Although other methods have been suggested for
separating these species, such aé their serological re=-
lationships and their staining reactions, the present
study has been confined to what appesred to be. the more
important characters of the orgenisms with a view to
determ%.ning whether or not any correlation existed which

would be of value in differentiating between the various
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i types. The L.casel group has been reported in only a

T 97 SENE

| few instances in connection with studies of L.acidpphilus

/,ﬁ and L.bulgaricus sSo that some information oz their intere

! relationship was particularly desirables.
’. The results of the studies considered in part II

%are arranged under four headings: growth temperatures,

i effect of surface tension on growth, character and amount
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of acid produced, and proctein decompositicn.

GROWTE TENMPERATURES

KU

The optimmam temperature range of most of the

T

H lactobacilli lies between 30° G. and 42° C. but within

o
FHAL

i more narrow limits the optirmm range Por the three apecies

RS
£ %

é‘under discussion may be given as 37° C. to 42° C. Ability

K

§H

i)

to grow at temperatures above or below the optimum, if

DRI GRS

sufficiently definite, might well serve as s different-

iating eharacter. That L.bulgaricus is able to grow at

a higher temperature than most of the lactobaeilll has
long veen recognized, while the prevalence of the L.casei
types in cheese cured at low temperatures night lead one
to anticipate a difference in the ability of one to grow
at temperatures favorable to the growth of the othef.

Review of Literature.
Moro {1900) reported that B.acidophilus @id nok
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Hastings and Hammer (1909} in their study of
high acid producers from niik, cheese, and butter, noted

growth at 50° C. and stated that the probable optimmm

was between 40° C. and 50° ¢. They found that growth
# at 20° C. In milk was slow but that eventually & high
acidity was produced.

Heinemann and Hefferan (1509) stated that the

| Bulgarian bacillus did not grow at ordinary room tempera-
Ture.,
In discussing the use of milk fermented with

*fL.bulgaricus for the preparation of lacto, lortensen and

4AHammer {1913) stated that cultures could be propagated at
room temperatures but that growth was gquite slow; the
7 usual higher temperatures werse advocated.

It seems an anomoly that L.bulgaricus with the

?'highest temperatﬁre requirements for growth among these
lactobacilli should be found so widely distributed ﬁhere
the temperature would normally be rmch lower, as it ig, for
instance, in soil. In this connectionr Barthel (1919) |

with
pointed out that/B.casei epsilon{B.bulgaricus) better

b growth is obtained in mcid soii {pH 5.0 - 6.0) at 22-24° C.
than at 38° €. in spite of the almost thermophilic char-
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acter of the organism in laboratory medis.

In some notes on the lactobacilli, Sherman (1921}

pointed out that Le.bulgaricus did not grow at 15% €. and
1ittle or not at all below 20° C., while L.casel and the
intestinal types grew st this temperature. Quite recent-

1y Sherman and Stark {1927) stated that L.bulgaricus and

L.acidophilus grow at 45° C. while L.casei does not, and

thet at 15° C. L.casei will grow while the other two types
will not, suggesting these facts as 2 possible means for
differentiation.

Rettger and Cheplin {1921), in discussing the
preparation of acidophilus milk, stated that slow ccagula-
tion occurred at 20° C. while below this temperature
1ittle or no change occurred in the snpearance of the nmilk
during the first three or four dayse

Kulp and Rettger (1524) reported the growth of
both Le.acidophilus and L.bulgaricus at 20425° C. as very

slow, when evident at all. One bulgaricus culture curdled
milk in 12 days, and two in 30 days. No other strain
whieh they studied produced a curd and only a few caused

reddening of the litmus.

Hethodse.

-

The most favorsble growth temperaturs for routine
work with the cultures was found %o be z7° Csp s0 they
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were incubated at this temperature in litms milk for

1 24 40 48 hours and then held at room temperature until

3

the next transfer In ten days to two weeks, In studying
» the effect of temperature on growth the cultures were

| inoculated into litmus milk and held at room temperature,
at 45° C., and at 15-20° C. for seven days. Changes in
the appearance of the litmus as compared to check tubes

; were considered as evidences of growth. If€ any doubt
existed as to a reddening of the litmms, smears were

4 stained and examined for the presence of the organisms

ig in numbers sufficient to indicate mltiﬁlication of

% those inocculated into the milk,

3 Results Obtained.

3 The data obtained on the growth of 88% cultures
in milk during seven days at 45° G., room temperature
{approximately 25° C.), or 15-20° C. are presented in

Table II.

-~

T Cultures A3a and A3b which do not appear
in Table I were obtained from culture A3
when checking that culture for purity
during the work on the type of acid pro=-
duced; they hkave been cearried throughout
the study, although they have not been

. discussed unless differences of signific-

ance occurred between them and culture A3.
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. : Growth in milk at different temperatures
during seven days.
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reddening of litmus.

no evidence of growth,.

S1 - 4 + ©0es - + b +
38 - + + + Cc29 - + ok +
sY - + o+ + ¢30 . - .
S8a * - - 031, - - -
38¢ “ - o G32a - - -
591 - w e 034 “ - -
310 - - e (616143 - + + e
511 - + + Cc40 + + ot +
81e - 4 ok b C4l1 “ + o+ 3
516 - + 4 + c42 - + + +
815a - 4+ + + 43 + + o+ +
Slé = - - c44 -~ + +
S1%7 - w o C45b - + A +
¢l - + + b c46 4 + o+ +
o - + ok + c4%7 w + 4 +
.03 + 4 + - ¢48 + + o+ +
[4151:% - + -+ + 49 » + + +
c4 - + 4 + c50 - + o+ +
¢h - + + * ¢h1 + + o+ +
c6 - + o+ * c52 + + 4 +
ow - + & + cb3 - + o+ +
Gs - + o+ + b4 - + o+ +
c9 - + + b5 - + 4 +
* .
+ + = coagulation,






The resulits presented in this table bring out
several facts which seenr to show a certsin amount of

| correlation between temperatures at which growth occurs

¥; and other significant characters %o be discussed in the

; following sections. Among the nine IL.acidophilus cul-

‘é tures from laboratory sources eigﬁt grew at 45° C., Pive
SE at room temperature, and three at 15-20° C. The last

if three were the only ones among this group which were

;; classed as small and cone of the three was the one which
ji failed to grow at 45° C. Moreover, only two of the six

! large strains showed growth at room temperature, while
the small strains caused coaguiation at this temperature.

0f the 16 Le.zacidophilus cultures isolated, two

grew at 45° C., eight at room temperature, and sight at
15-20° C., while six showed no growik at any of these temp-
erestures. It should be noted, however, that these six
cultures even at 37° C. were extremely slow in their growth.
The two cultures which grew at 45° C. were large strains
vhile seven of the eight strains which showed growth at
both room temperature snd 15-20° C. were classed as small
and only ong as large.

0f the seven L.bulgaricus cultures six.grew well

at 450'0., &ll grew at room temperature, and two a% 15-20° ¢,

The growth of these cultures at 45° C. was rmuch more vigor-
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“# ous than that of any of the other cultm?es reported as
showing growth at that temperature, coagulation of the

‘ nilk occurring in practiaaliy every instance in less than

' 24 hours. The o-niy one which did not grow at 45° C. and
the two which grew at 15-20° C. were the only ones }in’

this group which were classed as small.

] Among the 54 L.casel cultures, 11 grew at 45° C.,
42 at room temperature, and 40 at 15-20° C. There were

12 cultures which failed to grow at any of these temper-
atures and it is of interest to note that with one ex-
ception these were the only strains classed as large in
the L.casel group. The exception noted was the only

. large strain among the 11 which grew at 45° G. and also

the only large strain among the 42 which grew at room

’;; temperature. One of the small strains which grew at both

| 45° G. and room temperature failed to grow at 15-20° C.

‘ and was the only small straln which failed to do so; As

' may be noted from the data in the table, growth at 45° C.
wes not vigorous as only four of the 11 eultures which

':: showed growth caused ccagulation. | On the other hand growth
{ at room temperature was good, only three of the cultures
which grew at this temperature failing to cause coagulation.
Growth at 15-20° C. was also good although only four of |
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| the 40 cultures which grew at this tempevature caused

E coagulation in the seven day period. '

: 0f the 86 cultures, 27 grew at 45° C., 62 at Toom

~ 2 temperature, 55 at 15-20° C.; 18 failed to grow at any of

f theée termperatures, Although it has been stated previously

& that 37° C. was used Ffor incubation in the routine work

| with these cultures it should be noted that not all of

i1 them grew equally well at that bemperature, some of the
cultures showing a tendency to slow up considerably if not
| transferred at frequent intervals. A1l of those which

1 did not grow at any of the three temperatures just discuss-

H ed grew rather slowly even at 37° ¢, and three of them in

f the group of L.acidophllus cultures isolated never pro-

I duced enough acid to cause coagulation even after s series

| 0f transfers covering more than a yesr in tims. -

EFFECT OF SURFACE TENSION ON GROWTH.
The relation of surface tension to the actlvities
of microorganisms has recelived comparatively iittle atten=-
tion. Work along this line has been confined largely to
cellular activity as it applis to.vital’phenomena. In
connection with bacteria the prineipsl interest has centered
garound the antiseptic properties of surface teﬁsion de~-
_|pressants or upon the effect which they exert on other

materials used as dlsinfectants. Fhether the effect is
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due to adsorpiion of the depressant on the surface of
the bacterial cells, thus influencing the permeability
of the ecell wall to mmtrients, or whether due to differe
ences in the structure of the protoplasm is & part of the

problem which has not yet been adequately explained. If,

i however, these differences between bacterial cells do

exist and csuse fundamentally different reacticns on the
part of the organisms in the presence of surface tension
depressants, even though the mechanism of the action is

not positively understood, it may serve as a practical

1 means of differentiation.

Review cof Iiterature.
Larson, Cantwell, and Hartzell (1919) found such

characters as spore formation and pellicle formastion

. of B.subtilis to be entirely changed by lowered surface

tensicne.
Iarson {1921) repcorted castor oil soap as the

best depressant because it was perfectly Clear in water

{ solution and 4id not hydrolize readily. He also suggest-

ed lowered surface tension as favorable to the growth of

- intestinal organisms.

Ayers, Rupp and Johnson (1923) confirmed the work

of Larson on the stability of sodium ricinoleate and its

| power as a depressant. They also found the composition

and initial reaction of the medium, and the nature of the
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‘? depressant used important factors determining the amount
§ of growth of certain streptococci. Their results showed
: streptococecl in general to be suppressed at a higher

surface tension than intestinal bacteris such as B.coll

. or Be.aerogenes. Because of certain favorable character-
% istics they suggested sodium glycocholate as the best
'% depressant for the group of organiams studied,.

The first investigators to recognize the possible

éivalue of lowered surface tension as a means for differ=-

| entiating between L.acidophilus and L.bulgaricus were

o

% surface tension below 40 dynes while the former was able

: to grow at a surface tension as low as 36 dynese. The
?:weight-drop method was used in determining surface ten-
f sions.

Ropeloff and Beerman (1926), using the same de-

ﬁ pressant, placed‘the lower limit of growth for L.bulgaricus

} at 42 dynes, while L.acidophilus was fournd to grow abund-

‘ antly at that and considersbly lower surface itensions. In
a second brief report of studies on nine cultures of

Le.acidophilus and six of L.bulgaricus the same investigae

tors (1927) reported that all except one strain of the

former were able to grow at a surface tension of three or
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more dynes lower than any strain of L.bulgaricua in the

presence of sodium ricinoleate. The average critical sur=-
face tension with this depressant was 37.9 dynes for

L.acidophilus and 43.1 dynes for L.bulgaricus. Two strains

of Le.acidophilus of proven therapeutic value grew at 35

dynes. Both grew at a lower surface tension with sodium
oleate than with "equivalent concentrations” of sodlium
ricinoleate.

Frobisher (1926) found sodium oleate to be the

most useful depressant as it was compasratively inert to

| bacterial metabolism while sodium glycocholate was found

to be more subject to metabolism and more likely to be
hydrolyzed by acids.
Methods.

In this investigation all surface tension measurec-
ments were made by the ring method with the Cenco-Duloily
tensiometer, the material tested being at 25° C. A small
amount of the medium to be tested was placed in a two-inch
cover glass which had been cleaned in hot cleaning solu-
tiom, rinsed in hot water, then rinsed in distilled water,
and £inally wiped dry with a clean towel and lens paper.
Since trials had shown that the surface tension changed

for a minute or two before reachiﬁg comparative equilibrium,
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the determination was not made until two mimutem afier
the sample had been placed in the cover glass. The sur-
face tension values presented represent the average of
several determinations, although duplicates ordinarily
checked very closely when the preliminary wait of two
minutes was madee.

The instrument was standardized by the absolute

method and was checked in this msmmer and with distilled

j . water several times during the course of the experiments.

The value of g at Ames is 980.26e. The formula » equals

g% then becomes »r equals 'gogxg?gég‘s or 85.77. This

. value was used in the standardization.

The medila used wers medium X and medium ¥ of

- Albus and Holm (1926); medium M, which was made up exactly
‘ like medium X except that the lactose wWas replaced with

' maltose; beef infusion bouillon; and whey peptone broth.

In all cases 0.5 ce. of z 57 alechiolic soiution of brom
cresol purple pér liter was used as an indicator and any
change in color as compared to an uninoculated cheek tube
accepted as evidence of growthe The use of an indicator
has the added advantage of counterbalancing the d&ifficul-
ties usually encountered in detecting growsh rapidly in

g medium which sterilization ceuses to become cloudy after



a change in reaction or after the addition of some such
material as those used as surface tension depressants.
” The bouillon was prepared by adding 1% lactose
| to unneutralized beef infusiom containing 1% Difco peptone
| and 0.5% NaCl. The whey peptone broth was made by adding
’ 2% Difco pepioney and 0.5% NaCl to whey secured by coagu-
lating fresh skim milk with rennet, heating to shrink the
curd and then straining through cheese clothe Although the
| latter medium formed a heavy precipitate on steriligation,
the indicator obviated errors in detecting growth.
| In several preliminary trials the method of zdding
f a solution of the depressant to a tube of medium was
found to be unsatisfactory so the method adopted for the
' rest of the work was that of adding the depressant direct-
: 1y to the medium until it was found by trisl that approx-
| imately the desired surface tension had been reached. As
a rule the surface tension was slightly higher after
sterilization s& it was adjusted to & point slightly lower
than was desired in the finished mediume. The material
was then tubed and sterilized in the autoclave and the
surface tension again checked before inoculation.

The sodiwm ricinoleate used as a surface tension
depressant was prepared in this laboratory after the method
of Halvorson {(1925).
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Other depressants used were éommercial prepara-
tions.

The reaction of the medium was determined before
the f£inal adjusitment of the surface tension and checked
before tubing to sllow for any necessary readjustments.
A1l pH determinations were nsde by the colorimetric
method as outlined by Brown (1924).

All of the cultures were carried in litmus milk
and in all cases the special medium was inoculated from
litmms milk cultures whick had been ineubated at 37° C.
for 48 hours; the same sized loop was used throughout for
all transfers.

Results Cbtained.

The effeet of lowered surface tension on the growth
of 27 culbures in medium X and medium Y using sodium tauro-
cholate and sodium glycocholate as depressants is shown
by the data presented in Table III.

The pH 'of mediwm X without depressant was 5.8 and
the pH values of two lots of this medium with 0.2 and Ced
grams of sodium taurccholate per 100 cc. were 5.8 and 8.0
respectively. The surface tensgions of these three lots
of this-medium were 51.0, 42.1, and 38.4 dynss respectively.

The pH values of two lobts of the same medium with the
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same amounts of sodium glycocholate were 6.0 and 5.9,
and the surface tensions 39.5 and 38.8 dynes respect-
ively.

iill of the 27 cultures grew in mediwm X withoui
depressant, and only one of these failed to grow in
this medium with the surface tensions reduced to 42.%1
and 3844 dynes with sodium taurocholate. The culture which
failed to grow was one of those classed az large in the

group of L.acidophilus cultures isolated. With sodium

giycocholate as the depressant in this medium five cultures
failed Lo grow at 39.5 dynes, and 25 failed to grow at
385 dynes. Of the five cultures whick did not grow

at the higher surface tension one was in the labcratory

¢ Leacidophilus group, two in the L.bulgaricus group, and

two in the isolated L.acidophilus group. These were all

classed as large. The two culbtures which grew =t the
lower surface tension were an Le.casel and an isolated

Leacidophilus both of which were classed as smalle

The pH of medium Y without depressant was 5.5,
and t"he PE wvalues of two lots of this medium with OC.1
and 0e2 grams of sodium taurocholate per 100 ce. were
5.8 in both éases. The surface tensions in the three lots
of this medium were 520, 47.0, and 45.0 dynes respect-
ively. The pH values of two lots .of the seme medium

with the same amounts of sodium glycocholate were also -
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5.8 in both cases, and the surface tensions were 45.5
and 42.0 dynes respectively. |
Twenty-£five of the 27 cultures grew in medium Y
without depressante One of the two cultures which failed
0 grow in this medium without depressant did grow in it
during later trials. Of the 25 cultures which grew, four
failed to grow with the surface tension depressed to 47.0
dynes with sodium taurocholate. One of these was in the

laboratory L. acidophilus group, two in the L.bulgaricus

group, and one in the isoclated L.acidophilus group = 2ll

j; were classed as large. With the surface tension of 45.0

dynes the same culbtures failed to grow with the excephtion

of the Leacidophilus culture from a laboratory source.

Witk sodium glycocholate as the depressant in this medium

the same four culbtures failed to grow at a surface btension
of 45.5 dynes, and nine, incliuding these four, failed Ho
grow at 42.0 dynese OFf the five additional cultures one

was in the L.bulgaricus group, one in the Le.caseli group,

and the other three in the lsaboratory Le.acidophilus groupe

Two of the latter were culbtures A3z and A3b, although
culture A3 from which they were obtalned did grow. The
L.casel culture was classed as small, and the other four

cultures as large.



PR R IRV Jrs

There are several comparisons which can readily
be made from the results of these trials. Marked differ-
ence is evident in the growth of these cultures at a sur-
face tension of 38.4 dynes in medium X with sodium tauro-
cholate as the depressant and in the same medivm depressed
to 38,5 dynes with sodium glycocholate although the same
amounts of depressant were used in both cases. The re-
sults obtained with medium X depressed to 42.1 dynes with
sodium taurocholate are also quite different from those
obtained with medium ¥ depressed to 42.0 dynes with sodium
glycocholate. In the former ease only one culture did not
gi'ow, whereas in the latter, nine cultures which had grown
in the medium grithout depressant failed to grow at the
reduced surface tension. In these instances alsc the same
amounts of depressants were used. |

Because of the apparent inconsistencies noted and
becguse of the fact that such large amounts of these dew
pressants were necessary Lo appreciably lower the surface
tensions of these media, it seemed advisable to use a
depréssan‘a having better properties. Sodium oleate was
then used since various investigators had suggested it as
8 valnable material combining strong depressing power with
other gobd qualitieso,

The vesults of two trials in which sod3um oleate
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was uséd a8 the depressant are presented in Table IV.

The pH of mediuwm X without Gepressant was 6.4
and the pHE values of two lots of this medium with 0.17
and O.23 grams of sodium oleate per 100 cc. weré 6.7
and 6.8 respectively. The surface tensions of these three
lots of this medium were 50.0, 38.5, and 35.5 dynes re=-
spectively.

All of the 27 cultures grew in the medium without
depressant and in that depressed to 38.5 dynes; four failed
to grow at 35.5 dynes. These four cultures grew in the
same medium depressed to 38.4 dynes with sodium tauro-
cholate but were among the five which falled to grow at
39.5 dynes with sodium glycocholate as the depreasant,

It was indicated ir connection with the previous trial
that one of these cultures was in the laboratory L.acld-

ophilus group, two in the L.bulgaricus group, and one in

the isolated L.acidophilus group and that all were classed

as large.

The pH of medium Y without depressant was 6.6 and
the pH values of the two lots of this mediumiwith 0.2
and 0.25 grams of sodium oleate per 100 cc. were 7.0
and 6.7 respectively. The surface tensions of these three
lots of this medium were 51l.5, 43.0 and 36.8 dynes re-

spectively.,
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Twenty-sizx of the 27 culbures grew In medivm Y
without depressante The culbure which falled to grow

was one of the two which failed to grow in this medium
“ in the previous triale It did not grow in this medium

with sodium oleate added. Two Lebulgaricus culbures

failed to grow at a surface tension of 43.0 dynes, and
, six cultures, including these two, failed Yo grow at
36.8 dynese One of the four additional cultures was in

laboratory
the L.bulgaricus group, and three in the/L.acidophilus

group. These sixX cultures were among those which did
not grow in the same medium at 42.0 dynes with sodimm
glycocholate as the depressant, and all were classed azm
large.

It is noticesable from these data that most of ¢
cultures were able to grow in these two media at lower
surface tensions with sodium oleate as the depressant than
with either sodium taurocholate or sodium glycocholatbe.
The culbtures which failed to grow at the lower surfacs
tensions in this trial were among those which were inhib-
ited by reduced surface tensions with sodium taurocholate
and sodium glycocholate. |

_The work of several investigators and preliminary

trials made in the present work indicated that sodium

" ricinoleate was & more satisfactory depressant than any

[,
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: previonsly used. Ioeh smaller amounts were necessary

te éeenre the desired surface tenzions and there appal-
ently was less change in the surface tension of a medimm”/
during steriliation. It was eccordingly nused in the

rest of the surfece tension studies..

‘ The data obtained from twe trials in wivich medimm
- X and sodium ricinoleate were used are presented in
Table Ve

‘i ™The piH values of the nedium without depressant

In the two trizls were 5.7 and S.2. The pH values of the

1 two lots of this nediumz with 0.04 and 0.008 grams of
sodimm ricinoleate per 100 ct. were likewise 5.7 and 5.2.
The surface bensions of the medium withoub depressant in
each trial were SU0.5 and 48.0 dynes respectively, and
with depressant 37.4 and 40.0 dynes respeciively.

]  A31 of the cultures tested grew in medium X without
depressant In both trials and alt 40.0 dynes. Twenty-thres
| of tne 82 cultures did not grow at & surface tension of
STt dynes. Axﬁong, these 25 cultures there were sizx in
the laborstory L.acidophlius group, three of which were
classed as small and three as larges five in the Lebule=

garieus group, all of which were classed as large; five
| in the isolated L.acidophilus group, one of which was

| classed as small and four as large; snd seven in the
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L.casel group, three of which were classed as small and

four as large.

As in the previous trials there appears to be
some correlation between the various characters or the
cultures failing to grow at reducsd surface tensions,
particalarly in size.

The data obtained from one btrial in which medium
¥ and sodium ricinoleate were used are presented in
Table VI. |

The pH value of this mediuwm withoubt depressant
wWas 6.6 and with 0,012 grams of sodium ric¢inoleate per
100 cc. it was S.4e. The surface tensions of these twc
lots of the medium were 50.0 and 3%.4 dynes respectively.

0f the 60 culbures tested, one failed to grow
in the medium without depressant and also at the reduced
surface tensione. This was the same culture which Pfailed
to grow in this mediws in previcus Triais.

In order to check the =2bility of the culbtures to
ferment maltosé one trial was made with medium M which
was of the same compositicn as medium X except that
meltose was suvstituted for lactose, Tne data obvained
from this trial are presented in Table VII.

" The pH value of the medium both with and withoub

sodium ricinoleate was 6.6« The surface tension of the

€t gt g b et e
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lot withount depressant was 51.0 dynes, while that of
the lot with 0.023 grams of the depressant per 100 cc.
was 39.0 dynes.

Four of the 72 cultures tested failed to grow
in the wmedium without depressant. Thres of these were

in the L.bulgaricus group and one in the group of L.acid-

ophilus cultures from laboratory sources; =all were
classed as large. XNine cultures, izmiuding these fouw,
did not grow at the reduced surface tension. OFf the

nine, three were Lezcidophilus from laboratories, five

were L.bulgaricus, and one an isolated L.acidophilus

eulture; all were classed as large. The L.bulgaricus

culturee were all of the large ones in that group. The

isolated L.acidophilus culbure was the ~_o:\}le which had pre=

viously fziled to grow under reduced surface tenslonse.

One surface tension trisl was made with beef in-
fusion bouillon. The data obtained are presented in
Table VIIIe |

The pH values of the bouillon withoub depressant
and that of the lot with 6.25 milligrams of sodium
ricinoleate per 100 ecc. were both 6.6. The surface ten-
sions were 46.0 and 39.6 dynes respectively. |

0f the 60 cultures tested, two fsiled to grow in
the medium without depressant; the growth of many of the
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other cultures was not vigorous. One of the two which

did not grow ms the isolated Leacldophilus culbure

which had previously failed to grow in medium Y, and the
other was a slow growing b.case:x. straing both cultures

were classed as large. Seventeen cultures, inciuding the
two just discussed, did nct grow under the reduced surface

tensions OFf these, six were laboratory u.ac.udop’ ilus

ultures, two L.bulgaricus cultures, one the Ll.acidophilus

strain discussed above, and eighit L.casel cultures. With

the exception of one laboratory L.acidophilus strain,

these were all classed as large. The one small culture
did gpow, however, in z2ll other trials with reduced sur-
face btensions except once when sodium glycocholate was

usede The large strains among the L.acidophlilus and

Lebulgaricus groups were praciically all the same ones

which had shown tendencies of beingz inhibited in cther
trials with reduced surface tensions,

Whey peptone broth was found to be an sxcellent
medium for the growth of the organisms studlied. Vith
one or two exceptions all of the cultures grew vigorously
in it. The data obtained in two surface tension trials
with Jus med:m:m are presented in Table IX.

The pH of this medimm in trial 1, toth with and

without depresgsant, was S+.5. The surface tension of the




o

i
ted
M
<5

£

:

Effect of lowered surface Henszion on
with sodiym rleincleate ag depressant

(1]

(4]

T )

LG e,

—y—

;.

&5

L9 t8 c?

%0 9 ey

ik

o
-

essant

Py ?
-

S

I PR K 2 R 4 4 SR O R N IR TR
S I R AN BRI N TR B N IRV RN SRR B RN S A

R R R X
R

Bk Ak b b b
'»t%o;wtn?w-.lp-&t

e

R R N EEE R

bbb
R

-*n-wavm.x.?*&«v?&t»?.?.»c»?’?&c-?-wo
T T R S T AP A

<} € ;m.»m nm
C&M e th ch

ok bbb kb
R A I R

B
[ 2 I NN RN 3 I A

A R R
R R R R T e

nl. 7Y 91\»|w| S PPN
WFuﬂqm (R AR RE R

Fob b
.-? + ..~‘ v“.. .na -w«

SR R
R R

B EREEEE LN

R R R
R R

+







+ R T o TR I T T & R R R Rk 2 R K
N R R R R R U A T A A A I S T S 0 2 2 R A

ressant

$ Sebe OFal)

TWitH

o«
-

U R

THLTNOUG

ssank

N R Rk T T A A A S A AR 2K JE SR SR S RPN A
I R R A R R R R R A I I I R SR A

Sebe 400

denre

(1) [T
F311a)
w‘ [
A N
8...,vuuev....“»u-um.m+~.vn.u....».++u~ peb b b bR ELERILN T E LYY
e,

R R R R R R R R RO R A R R I R
R R o A A A R A S A R X

ressant
[P

on on growth in whey pepione broth
i

m%
] ®
1
ﬁ w..i.u...
2 ww Mm mm 0 . » N
o) 0
r(B ) e m.f, TR IR T

*

B 0 O N






«55~

g medium without depressant was 43.1 dynes, and that of

: the lot with 0.025 grams of sodium ricinoleate per 100 cc.
% was 37.5 dynes.

F The 87 cultures tested in trisl 1 all grew well
in the medium without depressant while 58 failed to grow

at the reduced surface tension. Among the L.acidophilus

and Le.bulgaricus cultures the ones which did not grow

| were in general those which consistently exhibited the
ssme characteristics in the previous surface tension
studies. It is of interest to note that the three small

strains in the laboratory L.acidophilus group were among

six which grew, and the two small L.bulgaricus cultures

were the only ones in that group which grew. There
appeared to be no correlation in the characters of the
cultures which did or did not grow in the L.cagel and

isolated Le.acidophilus groupss

In trial 2 the pH of the medium both with and
without depressant was 6.7. The surface tension of the
medium without depressant was 48.0 dynes, and that of
the lot with 0.04 grams of depressant per 100 ec. was
39.0 dynes. The apparent discrepancy in the amounts
of depressant necessary in trial 1 and trial 2 may be
accounted for in part at least by the difference between

$he surface tensions of the basic nmedise.
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0f the 87 cultures tested in trial 2, one failed
ﬁo grow in the medium without sodium ricinoleate although
it grew in the medium with the depressant. Nine culiures
failed %o grow in the medium at a surface tension of
39,0 dynes. OFf these, two were in the laboratory L.acid=-

ophilus group, four in the L.bulgaricus group, one in

the isolated Le.acidophilus group, and two in the L.casel

groups; -these cultures were 211 clessed as large.

CHARACTER AND AMOUNT COF ACID PRODUCED.

The total amount of acid and the isomeric form of
lactic acid produced in milk by the lactobacilli has for
many years been a question over which there has been a
great deal of conﬁroversy among those who have studied
this character of the organisms. Any regular difference
existing between the various species in this regard might
be considered a valid character upon which to base de-
cisions as to the proper identification of an organism
because it 1s one which is constant and which can be
determined accurately. With certain other lactic acid

formers, such as Streptococcus lactis, this is a chap-

acter which has becn definitely established as constant
and is accepted as one point which it is perfectly safe

to use in the identification of members of the species.
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The amount of volatile acid produced, while
possibly of less significance from the standpoint of’
separating these organisms than the isomeric modifica-
tion of lactiec acid formed, is of considerable import-
ance in other respects. The characteristic flavor of
certain types of hard cheese has been ascribed in large
measure to the volatile acids produced during ripening.
That the L.casel types play an important part in this
process is a generally accepted view, and part of their
effect at least may be due to the volatile acid which
they produce.

A comparison of the total acid and volatile acid

production of L.casel, L.acidophilus, and L.bulgaricus

as well as a study of the type of acid formed by cul-
tures of L.acidophilus seecmed To be advisable because of

the possible value which these characters might have
in the proper identification and classification of
mnenbers of these épecies.
Review of Literature.
One of the earliest reports on the type of lactie
acid produced by the lactobacilli is that of Orla-Jdensen

(1904) who stated that B.casel epsilon may produce over
2.7% of inactive lactic acid in milk. The zine lactate

ﬁrepared from the acid contained 18.2% of Hy0 of crystal-




lization and 27.5% of Zn0; it showed no rotatory proper-
ties, The volatile acid produced by thls organism was

found to be gomewhat more than that produced by Bacterium

lactis acidi. Most of the volatile zacid was found to

be acetic with only small smounts of formic and propioniec.

Grigoroff {1905} stated that his Baeillus A.

{B.bulgaricus) produced the inactive form of lactiec acid.

Bertrand and VWeilswelller (1808) concluded from
a study of cultures of B.bulgaricus supplied by Hetehni-

koff that the lactiec acid produced by the organisms was
a mixture of the laevo and dextro forms, with the latter
predominating. The acid was reporied as being prac-
tically all lactic with aboub 3% succinic, and probably
some formie and acetic.

The statement of Luerssen and KHhn (1908) that
the whey from milk fermented by B.bulgaricus turned

polarized light to the right is of questionable value.
Heinemann and Hefferar (1909) found the acid

produced by B.bulgaricus to be inactive without a trace

of the sctive form being left in the mother liguor
after removing the zinc saltse. They found 5.8-6.1% of
the total acid preoduced to be volatile. The nature of

the volatile seids was not determined.

£ Bragor o romeam e v
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Bertrand and Buchacek (1909) reported the pro-
duction of equal amounts of laevo and dextro acids by

B.bulgaricus from glucose, galactose, levulose, and

mannose but for some unexplained resson a relative ex-
cess of the latter in nmilk. They slso stated that small
amounts of suceinic, formic, and acetic acids were pro-
duced.

Whnite and Avery (1910) found their high scid
type (Type A) from yoghurt, mazun, and leben forumed either
inactive or laevo acid, while their low acid type (Type B)
formed principally laevo, more rarely inactive or dextro,
A1l of their cultures produced smgll amounts of volatile
acids, the exact amount and nature of which were not
determined.

Varying results were obtained by Currie (1911)

who found that high acid strains of B.bulgaricus from

various sources formed an excess of dextro acld. Two.
cultures from milk soured at 38° C. formed inmetive and
laevo; +two from chneddar cheese formed dextro and in-
active; two from cheddar cheese formed inactive and
laevo; one from the same source formed only laevo; of
20 other strains, 13 formed dextre only and seven inactive

onlye. He also stated that some strains of B.bulgaricug

might produce small amounts of succinic scid, which might




account for its presence in cheddar cheese.

In a study of the lactic acid in cheddar cheese,
| Bary, Bastings, Fling, and Evans (1914) isolated orgen-
| isms belonging to the group which they called Bacterium
casei; one of these produced laevo lactic acid and two
dextro. A mixbure of the two types gave the racemic acid
| witk a slight excess of lsevo. They determined that
two cultures held in sterile milk for several months pro=-
| duced among other acids much acetic, some propionic, buit
no formicy, butyric, or caproic.

funter anrd Bushnell‘(1916) found that the average
of the ratic of non-veclziile to volatile acids produced

by six cultures of'B.bulgaricus fron silage was l.0 o

0.31; the acid was produced in milk incubated at 35° C.
for 42 days.

Heinemann and Ecker (1916) determined the form
of lactic acid produced in milk by three strains of the
Boas-Oppler bacillus from gastric ulcers and found it %o
be laevo. This organism was considered identical with

B.bulgsricus by Heinemann and Hefferan (1909) and by

Galt and Iies (181i5}.

Orla=-Jensen (1921) reported Thermobacterium bul-

garicum {Bacillus bulgaricus) as produeing up to 1.7%

of laevo acide

a7 g e 8
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In a study of 15 cultures of Diderleints

vaginal bacillus and B.acidophilus, J8tten (1922) Ffound

that all formed inactive lactic acid; = slight awount
of wvolatile acid was found.
HeIntosh, James and ILazarus - Barlow {1924) re-

ported that Dodds found B.acidophilus - odonbtolyticus,

wnich sopie investigators consglder as identical with

L.acidophllus, produced malic acid with only a itrace of

lactice.

Pederson, Peterson, and Fred (1926) found thsatbt
a sample of acidophilus milk contained a slight excess
of laevo acid., The milk had not been stefilized before
inoculation so tﬁe results are comparable to those feound

with nsturally soured milkse.

Kopeloff (1928} stated that unpublished resultis
of Zoller show that “the non~volatile scid of acidophilus
is found %o be entirely dextro-lactic acid, nc traces
of succinic or cther acld being present®. Zoller further
gave as his opinion that the stereomorphism of the lactie

acid constituted one point of differentiation between

Leacidophilus and L.bulgaricus. One culture of L.bulgar-
4 Zeblgar

icus produced laevo lactic acid. He elsc reported that

smong the different strains studiéd’uniformity was found




in the production of volatile acids, 5-10% of the boial

acid being volatile; these appeared to be about 50%

formiec, and nearly equal amounts of acetic and propionic.
¥Methods.

FORM OF LACTIC ACID: The method of determining
the form of lactic acid by examination of the zinc lacitates
was followed in this study. The acid was produced by
growing the organisms in flasks of milk held at 37° C.
for one week. The lactates were then prepared by a dry
or a wet extraction method.

DRY EXTRACTIOR METHOD: The whey was obtained from the
Pfermented milk by heating the flask of milk in hot water
and filtering off the whey through paper. The separation
of the whey was usually facilitated also by the addition
of 5 cc. of N/1 H S0, per 100 cc. of milk before heating.
The whey was then evaporated down o a small volume over
a water bath, after which plaster of Paris was added to
the warm concentréted'whey and rapidly worked in to pre-
vent the formastion of a firm mass. The proper amount of
plaster of Paris readily took up all of the ligquid and
formed material which could be easily crumbled and handled.
The lactic acid was extracted by putting the whey and
piaster of Paris mixture in a thimble and extracting with

ether for sbout 24 hours., The ether dripped on the




nmaterial in the thimble, seeped through it to the bottom
of the container which rested on a hot plate, was
evaéorated' and recondensed to complete the cycle. The
ether and dissolved materials were transferred to a
beaker and the ether allowed to evaporate, after which
water was added and ther ZnC0z in excess., The mixture
was decolorized by bolling with animel charcoal. It was
then filtered and the insoluble mabterial washed or the
filter paper with hot water. The filtrate was evaporated
and allowed $o erystallize as completely as possible be-
cause of the difference in the solubility of the salis of
the sc¢hive and inactive acids. The salts were recrystal-
lized once and sometimes twice, dried and finely ground,
after which they were sllowed Ho air dry to practically
constant weighte
WET EXTRACTION 3METHOD: The whey for the wet extraction
method was obtained in the same manner as outlined sbove,
The ether soluble ﬁaterial was then extracted from 600 cc.
of the whey in a Kutschep and Steudel extraction appara-
tus, using an extraction period of 48 or 72 hours. The
preparation, purification, and recovery of the zinec
lactates was then done in the same mammer as outlined for
the dry extraction method, |

" The purified zine lactates were studied in the




following manner: The percent Hy0 of crystallization
was determined by heating the ailr dry salts to practic-
ally constant weight at 108 bo 110° €. With some of

the preparations the effect of the salt on polarized
1ight was determined, while with most of them the percent
of Zn0 was found by burning a known welght.

TOTAL AND VOIATILE ACID: TFor the determinations
of the total and volatile acidities, 325 cc. portions of
skim milk sterilized in pint milk bottles were inoculated
with the organisms being studied and inecubated at 37° C.
for one week. The total acidity was determined by ti-
trating 20 gram samples with N/10 NaOF using phenol-
phthalein as an indicator. The results were calculated
in terms of percent lactic acid.

The volastile acid was determined by distillation
as outlined by Hammer and Bailey (1912) and Hammer {1920).
250 gram portions of the fermented niik were distilled
with steam afber tl;le addition of 15 cc. of approximately
N/1 HyS04+ The first 1000 cc. of distillate were ti-
trated with N/10 NaOH using phenolphthalein as an indica~
tor and the results expressed as the number of cc. of
/10 NaOH required to neutralize the acid in this fraction
of disftill;vte. Altho;xgh the method probably does not

7ield all of the possible acids it is considered suffic-




iently accurate for comparative results.
Results Obtained.
PORM OF LACTIC ACID: The data obtained from
the study of the isomeric form of lactic acid produced

in milk by 12 cultures of L.acidophilus are presented

in Tabdble X.

| The percent Héo of crystallization varied from
12.795 to 18.15, the lower figures apparently represent-
ing pure active salis {theoretical -~ 12.88% for active)
and the higher figures pure or almost pure inactive}salts
(theoretical - 18.18% for inactive). Eight cultures
gave acid which was largely active, and four gave largely,
if not entirely, the inactive acid. Seven of the eight
culbtures giving active acid were from original isclations,
while the eighth and the four giving largely inactive
acid were from other laboratories. In every case in
whick the zinc lactate represented largely active =cid
the rotation was laevo soc that the free acid was of the
dextro form,.

From the results of the study with these cultures

of L.acidophiius it is evident that the type of lactie

acid produced was not uniform but varied from pure active
to practidally pure inactive witk nmixtures of these be-

-
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tween the extremes.,

The percent Zn0 in the zine lactates agreed
quite well in most insvances with the theoretical for
this salt (theoretical - 33.48% for the arhydrous sali).
In some instances the amount of salt available for this
determination was rather small for highly accurate re-
sults.

There appears to be a certain smount of correla=-
tion between the itype of acid formed by these cultures
and some of the other characters which have been dis=
cussed. Six of the 12 cultures were classed as large
and six as small (Table I). Four of these large strains
grew at 45% C. but not at 15-20° C. (Table II). The same
Pour were among six which failed to grow at a surface
tension of 37.4 dynes in meditm X although all grew at
40 dynes (Table V}, and one of them did not ferment maltose
(Table VII). These four were among five of the twelve
which were secured from other laboratories and were also
the same four which produced largely or entirely inactive
lactic acid.

TOTAL AND VOIATILE ACID: Total and volétile aecid
determinations were made on 66 cultures; the data ée~
cured sare ﬁresented in Table XI. The results on approx-

imately half of the cultures represent duplicate determina-
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tions, while on the other half they represent single

determinations, because such a close agreement was found

between duplicates that single determinations were con-
sidered accurate enough for comparative purposese.

The total acld production varied quite widely,
the lowest value found being 0.22% and the highest
2.52%. Ten culbures produced less than 1% acid, six
more then 2%, and the remaining 50 between 1 and 2%.
Among the ten lowest zcid producers there seemed to be
some correlation of characters: they were all classed
as large; seven of them did not grow at 45° C., room
temperature, or 15-20° C.3 they were all among the

cultures which grew slowly at 37° C., and three of

them in over a year of freguent transfers never produced

sufficient acid to cause coagulstion of milk. PFive of

them seemed to be able to grow at a lower surface tension

than the other five. Of the six cultures producing

more than 2¢ acid three were in the L.bulgaricus group,

two in the laboratory L.acidophilus group, and one in

the L,casel group. All except the last were classed as

o} Y
large; grew readily at 45 C. but not at 15-20°% C.;
and failed %o grow at the lower surface tensions.

The volatile acidities alsc varied widely, the

A TB T A et s e et m me



values found ranging from 4.7 to 41.7.% There did not
appear to be any striking difference in the amount of
volatile acid produced by the ten lowest acid producers
except in two instances. Although the figures are low
they are spproximately proportional to the valuss ob-
tained from the other cultures studied. The two ex-
ceptions noted deserve consideration inasmuch as both
cultures were isoclated from calf feces and exhibited
almost identical characteristies throughout the study.
These strains were among the three which did not pro-
duce_sufficient gcld to cozagulate milk and yet the amount
of volatile acid was higher in proportion to the total

acid than in the case of any of the other cultures,

Among the six high acid producers the two L.acidophilus
cultures produced the highest volatile acidities al-
thbngh their total acid production was lowest among
these cultures.

Considering the 66'cultures studied there does
not seem to be any regular variations in the total ox

volatile acid production which can be considered cof

*As stated under methods these values

- yepresent the mmber of cc. of N/10

"NaOH required to neutralize the acid
in the first liter of distillate.

Saavege 4o



~ particular significance from the standpoint of identi-
fication and classification. It appears in a general

way, however, that the L.acidophilus cultures produced

slightly higher smounts of volatile acids than the
cthers since values over 30 were obtained from several

of them, none from the L.bulgaricus cultures, and from

only an occasional L.casel culture.

PROTEIN DECOMPOSITION.

The role of. L.casel in the ripening of cheese
of the Emmental and Cheddar types has received a great
deal bf attention. S:.:.ce the- amo*mt oP soluble nitrogen
in these types is .m I ‘cg Mcr'ease durmg the pericd
in which L.casei is éommmt lt is natural to assume
thet the breaking down of t%e p*otem is due to the
activity of organisms of this species. Several invesiti-
gators have shown this proteolytie action in milk, The

proteolytic ability of L.acidophilus and L.bulgericus

has not occasioned as much investigation becouse this
particulér cheracter has less economice significance than
with L.-ca»sei.- A comparison of the increases in the
smounts of solvble nitrogen brought about by these or-
ganisms in milk seemed to be desirsble in a study of

their various important characters .




Review of Literaturs.

As early as 1897 von Freudenreich found that
not only enzymes might be actlve in cheese but thait the |
crganisms of the B.casei type which were present in
large numbers might bs of cénsiderable importance through
their sbility to inerease the soluble nitrogen in mill,
In 1899 he again took exception to the prevalent enzyme
theory of cheese ripening by pointing ott sone of the

ghemical activities of the bacteria present in cheese

0

o7

uring ripening. IHe reported Baclllus epsilon, which

G

he considered the primary agent in the preeessy; as pro-

duecin

cq -

considerable smcunts of stluble nitrogen in milk

cultures; the filtrate from a2 O months sample contained
0.235% 1, and the filtrai:e;é _.frézm 'c:,vro 15 n‘acn‘ths samples
0.222% and 0.246% N. vhile the highest result from un~
inoculated milk was 0.033% Ne

Crla=Jensen (1904) corroborated the work of

von Freudenreich in a biological study of cheese ripen=

ing and presented data showing that Bacterizm casel zaipha

and Bacterimm cssei epsilon were both vigorous destroyers
of casein in milk to which Callz had beoen added, the
latter being the nmore vigorous in this respect.

White and Avery {(1210) stated that bacilli of

the B.bulgaricus type had little or no action on casein

s




1 or Pat In milk dbut that they produced a bitter serid

taste ‘which might be due to the cleavage of these
roductse.

Hastings, Evans, and Hart (1912) found that
eight culbures of lactic baecilli after 3 months incubsa-
tion in milk caused incresses in ths soluble nitrogen;
the percenbages varied from 12.5 to 62.5%.

Evans, Hastings, and Hart (1914) concluded that

their Baeterium casel group was responsible for the

pungent flavor developing late in the ripening veriod
02 both raw-milk and pasteurized-milk cheeses.

Fart, Hastings, Flint, and Evans (19214} reported
that members of the B.casel group were able to form
ammonia in milk buf not in appreciable amountse

Kalp and Rettger (1S24) reported that L.bulgaricus

and L.acidophilus broke down approximately 2 to 6% of

the milk proteins; +this was determined as the regidusi
nitrogén after the pepione and di-amino nitrogen was
found.

Weigmann (1924} reviewed the guestion of cheese
ripening and brought out the fact that the B.casel
types have been shown by numerous investigators to é.ct
on the easein, inecreasing the soluble nitrogen products

. such as amino acids and thus have an influence in pro-




a

ducing the characteristie fLlavor.
Methods.

The increase iIn scluble nitregen brought shout
in milk, with and without cacos, oy some of the lacto-
baecllll being studied was determined by the Pollowing
method:

Four pint milk botitles containing 200 grems of
skim milk were prepared for each culbture: 8 grams of
Call_ and a few plsces of glass were added o each of two
of the bobtles. The total weight of each bobttitles and
contents was recorded on a label placed on the cotton
plug. After sterilization in the autoclave at 15# for
30 mirubtes and cooling, the four bottles were inoculated
with the cultures thiz provided for duplicate determina-
tions on ezach culbure beth with and withoud Ca-COS « They
were incubated at 37° C. for one week after which they
were held at room ternperature for the remainder of & 30
day period in order to avcid excessive evaporsition. The
bottles containing the Ca(:():3 were car-efull},r shaken every
day, the glass facilitating thorougn distribution of the
carbonate. |

At the end of the incubation one ce. of g:‘.a'éial
acetlc acid was sdded to each bottle and the milk heated

to 60° C. by standing the bobttle in a pan of hot water.

TR A eens



! The milk was held at this temperature for about 20

mimites and, after c¢ooling, sufficlient distilled water
was added to correct the weight of each bottle to the
original, The whey was then recovered by filtering
through paper; the nitrogen content of the filtrates
was determined by the Xjeldahl method, using 25 cc. por-
tions. The distillate was collected in 15 cc. of N/5
H,80, and back titrated with N/10 NaOH with alizarin as
an indicator. The soluble nitrogen in the uninoculated
samples was determined in the sane manmer.

The total nitrogen of the original milk was
determined by the XKjeldahl method. Calculated on the
basis of 25 cc. of milk, the mumber of cc. of N/10
acid neutralized by the distillate was practically 100.
The percent soluble nitrogen in the sterilized uninoculated
and inoculated milk could accordingly be determined dire
ectly from the titraticn figures; the percent soluble
niﬁrogen, then, was the figure obtained by subtracting
the cc. of N/10 NaOH used in back titrating the 15 cc.
of N/5 H,S0, from the N/10 equivalent of this acid. The
values from the duplicate uninoculated samples subtracted
from figures similarly obtained on the inaculéted portions
gave the acﬁzal increzase in soluble nitrogen due to

bacterial action.




Results Obitalned.
The results obtalned on the proteolytic action
on nmilk of 16 culbtures of lactobacilli are shown by the
data presented in Table XII.

®ive L.acidophiluns cultures from laboratory

sources in milk without Ga«.C.O:5 caused increases in the
percent of soluble nitrogen varying from l.0 to 5.4%;

four of these cultures in milk with cacos caused increases
varying from l.3 to 3.8% (the determination on the f£ifth
was not made)e The vcul.tu.rs causing the highest increase
ir the milk without Ga(:()z5 did not cause the highest in-
crease with 6aC0,. Two isolated L.acidophilus cultures
in milk without Gacos eaused increases of 1.6 and 4.7%;

in milk with CaCO, the incresses were 2.5 and 11.8% re-

3
spectively.
Four L.bulgaricus cultures irn milk without Cacos
produced increases of 1.0 to 6.7%; with 6200, the in-

creasss were 3.2 to 18.2%, the higheat resulits in each
case beling with the same culture, The Increases were
higher in the milk with CaC(}3 in every instance .

Five L.casel culbures in milk without Calo, saused

3

increases of 1.2 to 5.5%; with €aC0, the increases were

2.6 50 14.0%, the highest resulits in sach case being
with the same culture. The increases with this group of
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TABLE XIX

Data on increase in soluble
nitrogen in milk inocculated with
various cultures.

Culture: Percent inecrease
: without Cally § with CaC0g

Al 1.0 3.8
A3 5.4 29
A5 4.4 3.4
AT 4.0

AS 2¢3 1.3
Bl 1.0 3.2
B2 33 1i.8
B3 37 , 8.4
B 6.7 : 18.2
Cc3 3.5 - 140
ciz2 1.2 2.6
c23 1.7 « 5.6
c29 1.8 | 5.7
C3g 1.9 | 4.5
S8e 1.6 : 2.5

si2 4.7 1l.8
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- cultures were alsc higher in the milk with CaCOz in every
instance.

Among the 16 cultures, the eight classed as large
caused greater increases in the scluble nitrogen of milk
withoud CaCo, than were caused by any of six classed as
smalle Tne other two small culbures gave results some=-
what higher than most of the large cultures. The sane
relationship did not exist among the cultures in the
milk with CaCo 5 Four Le.casel cultures classed as samall
cauged increases greater than were caused by four L. aclid-
ophilus culbtures classed zs large. One of these L.casel
cultures gave the second highest value among the 18

detefmined. The two L.acldophilum culbures classed as

small caused increases greater than were caused by four

cultures classed as large which were alsc L.acidophilus.

The other two culbtures classed as small, one an L.bulgar-
» il S

icus and one an L.tasei,caused increases which were very

slightly higher than two or three of the culbtures classed
as large but lower than ten of the 15 eultures.
fttention should be called to the fact thatdl
of the cultures were sble to Increase the amount of sol-
uble nitrogen in milk to some extent although in some

cases the increase was slighte




Discussion of Results.

There appears to be a certain amount of correla-
tion among several Imporivant characters of the lactobacillli
included in this stu,dy. The éorrelation is particularly
striking between the size of the organisms, the tempera-
tures of growth, the influence of the surface tension of
the medium on growith, and the character of the acid pro-
duced in milk. No very significant relatiohships were
found in the abllity of the various types to attack pro-
teins in milk,.

Among the organisms in both L.acidophilus groups

and the L.bulgaricus group, practically the only ones

which grew at 45° ¢, were classed as large. In ths
Lecasel group, however, only one of the 1l which grew

at 45° ¢. was large. Hore of the total mumber of culbures
were ab_le to grow at room temperature than at 45° ¢, or
15-20° C. At 15-20° C. practically all of the cultures
which grew were classed as small, This fact was parti-

cularly significant in the group of Le.acidophilus from

laboratory sources, in the L.bulgaricus group, and in
the isolated L.aclidophilus group because it evidently

was also correlated with some of the other outstanding

characters and suggested the possibility that some of the

large types considered as Leacidophilus should be con=-

v T



gsidered as more closely related to some other Zroup.

It was guite evident that these same large culbtures were
inkhibited by low swrface tensions in the mediz used, Most
of them were inhibited vwhen the surface tension was ree
duced very much under 40 dynes,while the other culitures
were able to grow at nearly 37 dynes in the same media,
Similarities were also found between sgveral of the lab-

oratory L.acidophilus and the large L.bulgaricus culbures

in that nearly all of them: were irhibited a2t a surface
tension of 39 dynes whern maltose was substibuted for

iactose in medium X. One of these L.acidophilus cultures

and thres Lebulgaricus falled to grow in the medium con-

taining maltose without deprezsant. The small culbures
in these groups epparently grew as well with maltose as
with lactose in the medium. In general the Le.casei cul-
tures seened able to grow at nearly as low surface ten-

sions as the L.acldophlilus types; most of the variztions

oecurred with the culbures which were nabturally slow in
growthe
In the study of the type of lactic acid formed

by 12 cultures considered as L.acidophilus there alsc

appeared to be some correlation between the characters
just discussed and the type of acid. Six of the culbures

were large and six small. The type of acid varied from
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practically pure active to practically pure Inactive;

the active acid was always the dextro modilication. Four
large strains produced largely inactive acid; these
cultures grew at 25% ¢. but not at 15-20° Ce3 They failed
to grow at 37.4 dynes In medium X although all grmew at

40 dynes; one of them failed to ferment malbtose. Tiese
four were among Tive of the twelve which were securel

"rom other laboratories as representative L.acidopbkilus

strains.

Determinations were made on the increase in whe
percent of scluble nitregen produced in milk by 16 cule
tures from the four groups ol organisms, The increaszes
in the milk without Gall_ varied from 1.0 $0 6.7% and in

S
2 led to 18,2%« No striking

&)

the milk with CaCO3 g
correlation seemed to exist between the varicus chan=
acters of the organisms and the extent to which they were
able to decompese the millk protelins. IDach culbure
studiedy however, was zble to cause an increase in the

scluble nitrogen in nilk both with and without Cacos.




PART IIX.
FEEDING EXPERIMENTS.
Introduction.

No cother point with reference to the lactcbaclilli
has beer so extensively studied and discussed as that
of the wvalue of certvain of thesc organisms in combating
the effects of intestinal baciteria whose activities are
deletericus to the Licealth cf the individual harboring
them. Volumes of literature have been devoted to con~
sideraticns of the pros and cons of the subject and
u_ndoubted}.j rumerous prodlems remain Lo be solvede.

Although not the first to sugsest the use cf
bacteria in a therapeutic role, Ketchnikoff (190?) through
hiis cobservations and conclusicns regarding the causes
axd remedies for early senility first drought the possi-
bilities of such o methced for alleviating intestinal
disorders before the public. His ideas immediately gain-
ed credence over a 'hlde area and the use of so-galled
Bulgarian buttermilk became a comoon remedial measure
for intestinal disorders of various kindse.

it was not many years, nowever, before doubis began
to appear as to the ability of the organism of Bulgarian

buttermilk, L.bulgaricus, o survive conditions in the

body and begome Sstablished in the intestinal tract where

g
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it was supposed to inhiblt the astivities of the putre-
Pactive types by its acid production. Many other thecr-
jes were advanced in an abbempt to show that bereficial
results were beling cbtained from other agenciss, such
as the lactie acid in the fermented milk, rather than

from the sctual presence of the L.bulgaricus. Finally

it was proposed that L.acidophiius and not L.bulgaricus

was the logical organism o use for such a purpose and
the jdea was advanced that it was capable of permasnent

implantation and that L.bulgaricus was nob.

The pioneer work of Fisher (1919} in feeding
cultures of L.aclidophilus led the way for a great number

of experiments on the effects of fecding Leacidophilus

and Lebulgaricus cultures to humans and snimalse. The

effect of introducing these organisms inte the intestinal
tract on the production of toxie substances by other
organismg, and on the functioning of the intestinal traet
in elinminating waste material, and the everpresent
question of how to differentiate between the two species
are points which have been abundantly discusseda.

It was not considered within the scope of the
present work to conduect a great deal of experimentsl

feeding but certain of the outstanding eharagiers of

Lecagel :_:ultures were so gimiiar 4o those of Le.acidophilus
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cultures thst it suggested that if one was capable of
being implanted in the intestiral tract the other might
also. Informetion on this particular point is alsc de-
sirable from the standpoint of the dairy industry because
of the prevalence of the L.casel organisms in certain
types of cheese and thelir presence in milk. Liberal con-
sumption of such products then should assure the intro-
duction of this type into the intestinal tract through
natural channels of the diet. TFor these reasons parst
of the work was devoted to feeding experiments with humans
and animals. |
Review of Literature.

Quite a few years before letchnikoff advanced
his theories on the value of fermented milk in combab-
ing intestinal disorders, Herter (1897) had concluded that
the introduction of large mumbers of lactic acid bacilli
into the intestines might markedly reduce the indican V//‘
and ethereal sulfates of the urine. He likewise stressed
the value of carbohydrates and z bread and milk diet in
decregsing the amount of products of putrefaction in
the urine. These observations confirmed the work of a
long series of investigations of others which had begun
as esrly as 1868 with studies on the toxicity produced

by protein decompoesition in the intestines. Numerous
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investigations following the work of Herter have been
reported showing the value of certain'carbohydrates in
irhibiting intestinal putrefaction.

Poehl {1887), Rovighi (1892), Tissier and
Martelly (1902), Tissier and Gasching (1903) and others
reported the favorable effect of sour milk and laetic
acid in decreasing intestinal putrefaction.

Working under the direction of Meitchnikoff,
Cohendy (1506a,b,c.) published several papers giving the
results of experiments which indicated the successful

impldntation of B.bulgaricus in the intestinal fract

of humens. Combe {(1907) suggested the value of the
organisms in yoghurt for overcoming putrefactive types,
and Belonovsky (1907) in experiments with white mice

concluded that B.bulgaricus was implanted in the inteat-

ines and reduced the putrefactive types rapidly. Oehler
(1911) fed yoghurt to mice and monkejﬁ and found that
the yoglmrt bacilli conld easily be demonstrated in the
feces dﬁring the feeding but that they disappeared rapid-
1y when the feeding was stopped so that no Implantation
could have taken place.,

Other feports, contrary to the theories of
Metchnikoff, were published by Iuerssen and Kiibn {1908),
Herter and Kendall {1908), Kendall (1910a), Heinemann




(1912), Distaso and Schiller (1914) and otherse.

That diet has a marked influence on the inbesi-
inal flora and that carbohydrates and milk bring about
a favorable change to the desirable aciduric type both
in humans and various animals has also been reporited
by numerous investigators. Prominent among these are the
work of Herter and Xendall (1908 a2rd 1910), Torrey {1515
and 1919), Rettger and Horton (1914), Hull and Retiger
(1914 and 1917), Rettger, Kirkpatrick, Jones {1914);
Rettger, Kirkpatrick, and Card {1915), Rettger (1915),
Cannon (1921), Kopeloff and his co-workers (19235-1927),
and others.

With regafd to the nore recent work on the in-

fluence of diet on the exeretion of indican and the

phenols Underhill and Simpson (1920) found that the excre- v

tion of these substances varied with the protein inteke

but that a large amount of lactose lowered the amount ex-

creted. Smith and Xulp (1922) reported that the favor- v’

able resulbs of B.acidophilius cultures in gastro-intest-

inal cases did not devend primarily on a de¢reased pro-

duction of indican and ethereal sulfates. ZXast, Short, 4

and Croll (1922) stated that if indican might be taken
as an index of intestinal putrelfaction it appeared from

their results that implantation of Be.acidophilus in the

T2ty g e
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intestines did not necesgarily lower putrefactive
processes.

Excellent reviews of the literature dealing
with the subject of intestinal bacteriology and the
effect of diet on the types of bacteris and intestinal
condition have been presented at various intervals.
2mong these, reference should be made especlsally to
Ferter {(1907), Kendell {1611), Logan (1514), Bushnell
and Frey (1617), Retitger and Cheplin (1921) and
Kopeloff (1926},

EXPERINENTS WITH HUMANS.
Hethods.

The general plan of the feeding experiments
with humans was to select persons who would consume a
quart of fermented milk each day and thenr to make a bact~
eriological study of the feces at as frequent intervals
as the conditions permitted. The four subjects reported
on were all young men in rormal health. The milk was
. consumed at any time during the day suiting the con-
venience of the subjects and the customary mixed diet
was not othgrwise changed.

The fermented milk was prepared in Erlemmeyer

flasks in the same mﬁnner that acidophilus milk is ordin-
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arily prepared in the laboratory. The cultures were
carried individually and were mixed only at the time of
inoculating the flask of milk with an approximately
egual amount of inoculum from each culture.

The feces were collected in waxed peaper contain-
ers and the examinations made usually within a very
short time although in some instances not until after
two or three hours. A method having features of those
used by Rettger and Cheplin (1921) and by Tsuchiya
(1926) was emploved. A.suspension of the feces was made
in 5 cec. of sterile physiological. salt solution to
match tubes nine to eleven of the McFarland (1907)
nephelometer scalé.. From these suspensions a loopful
was spread on a glass slide 6ver an area of one sguare

centimeter, fixed and stained by the Gram method for

microscopic examination. Two plates were poured with whey

agar, using one lo}opful of the standard suspensican in
one tube of the agar and three loopsful from the first
into the second. This was found %o give a satisfactory
distribution for mass study and for single c&lony isola~
tion. Two other tubes of whey agar were inoculated in

the ssme manner and mixed thoroughly by tilting back end

forth, after which they were allowed to solidify. 4 third

incculation of one loopful of the suspension was made




into a tube of litms milk. The plates and tubes were
incubated at 37° C. for 48 hours and then examined.

Frequent isolstions were made by picking colonies
from the plates into litmus milk and the cultures sub-
sequently examined microscopically and culturally with
reference to some of ths characters discussed in = prev-
ious part of the work.

Results Obtained.
CASE-l.

The fermented milk used in this case conbtained
five Le.casel cultures -~ £10, Ci2, Cl%7, €19, and €28,

Two fecal specimens were exanmined before‘the
first fermented milk was baken. The direct smear of the
£irst showed Gram-negative rods strongly predominant
with only a few large Gram-positive rods and cocci. Very
few small colonies were found on the whey agar plates and
none of the woolly acidophilus typs. The most mmerous
colonies were of a large irregular flat type. The swmear
of the second preliminary specimen contained a fairly
large proportion of Gram=-positive rods, many of which were

of the slender type characteristic of L.acidophilus.

Approximately 10 - 15% of the colonies on the plates were

rough, irregular, smsll and the rest the large lrregular

ti¥pree.




The first specimen exanined after the consump-
tion of the fermented milk began was on the second day.
The fecal smear showed about 10-15% Gram=-positive or-
ganisms, among which were & notlceable mumber of small
siender rodse. Approximately 80% of the colonies on the
plates werse of the small irregular type characteristic
of the L.casel culbtures being used., On the third day
the smear presented practically the same picture, and the
pletes a slightly larger propertion of the small irregular
type of colony.

Tnaring the remainder of the ten day test periocd
the proportion of Gram-poslitive rods in the fecal smears
increased to approximately 40% on the eighth day and this
was the nhighest proportion reached. By the third and
fourth days the proporition of small irregular colonies
on the plates had reached approximately 95%, and this
nmumber was maintained almost constantly during the btest
period. From the second day on rumercus colonies were
ricked into litrmus milk. From the thickly seeded plates
a2 masgs Inoculation of several of the small colonies was
made and in practically every instance the nmilk coagulated
prouptly end stained smears showed the organisms to be

the typical L.casel rods. A very large proporivion of




single colonies-picked from the less heavily seeded
plates gave the same resulis, showing quite concluéively
that the organisms taken in the fermented milk were
being recovered.

No very significant results were obtained from
the direct incculation of the fecal suspension into
litmus milk or from the whey agar shakes, since in this
cage practically no gas was produced in either even-
before consumption of the milk began. The type of
colonies in the shakes did change somewhat, however, from
a large smooth type near the surface to a very small
type which appeared principally in the lower half of the
agar. |

Observations on the stools were made after the
hilk was discontinued at intervals of a daj or two for

elght days, again in one week, and the last time after

two more weeks. During the first week there was & slight

change in the number of Gram-positive rods, the proportion

falling to 25-30%. The proportion of typical L.casei
colecnies on the plétes remained almost the same. At the
end of the second week the smear was practically the same
as at the end of the previous week, but the proportion

of smsll irregular colonies on the plates had fallen to

45-50%. At the end of the fourth week the number of Gram=~
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positive rods had fallen to 154, and the small irregular
colonies to 40-45%,

Within a day or two after the use of the fermente
ed milk was begun a change occurred in the character of
the feces and this contimued for several days afier the
milk was dropped from the diet. The color of the feces
became much lighter; the consistency changed from hard
and dry to soft; and the odor was less disagreeable.

In this case also the number of regular daily defecations
was increased and a tendency toward constipation notice-
ably alleviated.,

CA.SE"ze
The Permented milk used in this case contained the

same L.casel cultures that were used in the previous case.
The subject in this case habitually used a quari
of milk every day with his meals. The examination of
three preliminary fecal specimens showed that about 50%
of the organisms were Gram-positive with slender rods pre-

dominating smong them. The plates conbtained from 90 to

95% small woolly colonies typical of L.acidophilus. On
inoculation into litmus milk the organisms did not cause
coagnlation within seven days at least, although they

were slender Gram-posiﬁive rods.

On the second day afier consumption of the fermented




milk was begun the smears contained 50-60% Gram-positive
rods, practically all of which were small and slender.
The colonies on the plates were about 50% of the small
woolly type and 50% of the swall irregular type formed
by the cultures being fed. 0On the fourth day the Gram-
positive rods appeared to be about 50-60% of the total
and the small irregular colcnies on the plates had
reached a proportion of about 95%3; both remained prac-
tically the same during the rest of the twc weeks feed-
ing period. The small woolly colonies disappeared from
the plates almost entirely. When these conditions had
apparently become established numerous cultures were
isolated from single colonises and by mass inoculstions;
practically all showed characteristics of the L.casel
types. Litmms milk was rapidly reduced and coagulated,
the cultures grew readlly at room temperature and most
cf them very poorly or not at all at 45° ¢. 3 ‘they grew
quite well in whey peptone broth at 3%.0 dynes.

A slight amount of gas was evident in the litms
milk tubes from the preliminary specimens and a day or
two after consumpiion of the fermented nilk began, but
during the rest of the trial most of them showed no gas
or only a véry slight amount. Stalned smears showed

nearly all the organisms in the milk to be slender Gram-




pesitive rods. Practiecally no gas was obtained in any
of the agar shakes. After a day or two of consumption

of the Lermented milk Prom a half Lo two thirds of the

golonies were very small and located in the lower Two thirds
v

of the agar.

In one specimen taken a week after the fermented
milk was discontinued there was a8 slight reduction in the
number of Gram-positive rods in the smears and the colonies
on the plates showed reversion to about 80-90% of ths
small woolly type.

It was realized after examining the preliminary
specimens that the case was extraordinary in the number
of Gram=-positive rods already present but the compiete
change in the type of colonies on the plates and the cul-
tural tesis seemed to indlieate tTransformation of the flora
tc the type being consumed in the milk culture. Reversion
to the type present at the beginning apparently took place
rapidly when the cultured milk was discontinued.

Tha charagter of the feces showed very little .
change because their condition at the beginning was al-
ready typical of that usually brought about by the use of
milk in sufficient smounts to esitablish the acidurie

f£lora.




CASE=3.

' The fermented milk used in this case contained
the same L.casel cultures that were used in the previcus
cases.

Two preliminary specimens were examined before
the consumpition of the fermented milk began. The sumears
contained alimost exclusively Gram-negative organisums.

The very few Gram=-positive forms were large thick rods,
cocci, and nearly oval cellis. The plates from the Iirst
specimen conbtained about 45-50% large spreading woolly
coloniess the rest were large smooth colonies which
smears showed to be Q(ram-nsgative organisms of the colon
type. Woolly colonies picked into litrms milk produced

no change in ten days to two weeks, On the plates from
the second specimen almost no woolly colonies wvere present;
the large smooth colonies were practlieally the caly type.

On the first day after comnsumption of the fere
mented milk was bégun the smear showed a few slender Grem-
positive rods, although the appearance of the eoloniss on
the plates had not changed. The number of Gram=-positive
rode then increased gquite »apidly to 35-407 on the third
day and remained falrly constant until the twelfth day
when it had increased o about 459%. On the second day
sbout 15-20% of the small irreguler colonies appeared on

gL - g s



the plates. This proportion increased rapldly in the
next day or twe to ithe same dominant percentage found
in the previous cases ~ practically 95%, where it vo-
zained fairly constant during the rest of the two weelss
period. Cultures isolated from the plates when the flora
had evidently been changed showed the general character-
istics of the L.casel types, essentially as described for
the culvures iIn the previcus case except that a larger
mmber were able L6 grow ab 450 Coe

Practically no change occurred in the appearance
of the whey agar shakes other than an incresse in the
proportion of small colonies deep in the agar and diminu-
tion in the number of large coljonies near the top. The
Iitmus milk tubes did show more change, however, than in
the previous casese. The fermentation from the prelimlnary
specimens was very stormy and there was a considerable
amount of whey and a disagreesble odor. From about the
third day of the test period the character of the fermenta=-
tion was very different., For five or six days there was
no gas, very slight whey, and a good odor. INumerous
sumears also showed the presence of large propertions of
t’ge small slender Gram=-positive rods. Then for several
days there was & return of a slight gassy condition ale

though there was still no gas in the agar shakes.

[T
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One specimen nine days after the milk was dis-
contined still showed about 20¢ Gram-positive organisms
in the smear, a fairly large proportion of which were
slender rodse. About 50-60% of the colonies on the plates
were of the small irregular form, and some of the woolly
type were also present. There secmed to be no change
in the appearance of the litmus milk or the agar shakes,

The charzcter of the feces changed quite rapidly
after consumption of the fermented milk was begun. The
color became pronouncedly lighter and the odor less dls-
agreeabls. There was not much change in the consistensy
becsuge the stools were at no time hard or dry.

CASE-4. |

The fermented milk used in this case contained
L.casel eultuvres C12, ¢17, Cl9, and C28. Culture Cl0
wag omitted because it was the only one among the five
which was able to grow at 45°.C. and it seemed desirable
to see if different results would be obtained without
i% in the mixture.

The smear from the one preliminary specimen con-
tained about 50% Gram-positive organisms which were prace—
tically all short thick rods and cocci. The plates con=
tained 80 - 85% =mall smooth colonies which were shown

to be Gram-negative. None of the woolly or rough edged
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types were found. There was not mmeh change in the
total mummber of Gram-positive organisms during the
twelve days that the culbured milk was consumed but the
small slender rods began to appear noticeably by the
second and third days and then increased %o approximately
40% of the Gram-positive organisms by bthe eighth day.
The type of colonies on the plates did not change as com-
pletely as in the previous cases to the small irregular
type,; although by the Lifth and sixth days the small
woolly and irregular types together had reached the pro=-
pcr’cién of 85 = S0%. During the remainder of the test
period the woolly type was noticed around the large smooth
¢clonies, while awéy from these only the irregular
colonies were founde In point of total numbers the small
irregular colonies strongly predominated. The cultures
isclated from the irregular colonies exhibited the same
characteristics as those in the previous cases, while
those from the wooily colonies appeared o be principally
large irregular shaped Gram-positive rods which grew very
slowly in milk at 5’70 Co, |

The appearance of the whey agar shakes changed
from a slight gasay condition to no gas snd a large pro-
portion of the small colonies deep in the agar. The litmus
wmilk fermentation was stormy until three or four days after

P



the consumption of the cultured milk began afier which
the gas was noticeably dininished. By the seventh day
practically no gas was formed.

One specimen iaken four days after the nilk was
disconbinued showed no change from that which existed
a2t ths end of the test period.

A greaber change in the character of the feces
was evident in this case then in any of the previcus ones.
From a dark brown colcr, & hard, dry consistency, and a
foul odor they gradually became lighter, softer, and less
disagreeable in odor. The change was very proncunced

by the seventh day of ths test periods

EIPEATIENTS WITH RATS.
Hethods.

The general plzn of The experiments with rats
was o feed a diet supposedliy conduclve Lo the growth of
a prebeoliytic flora end then add to this dist pure cul-
tureg of the organisms 1t was Geszired to study and observe
the effects by bactericleogical exemination of the fecese.

Young healthy raits were placed in individual
cages over a quarter inch mesh wire screen for the éntire
duration of the feeding period. They were then fed the
basal diet until the iIntestinal flora; as shown by stained

s

smears, had begome predominantly Cram—-negative. The
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- usual length of this preliminary feeding was from six to
ten days. The basal diet in the prineipal set of experi-
ments consisted of 10 grams of fresh white bread and
3 grams of fresh, lean chopped beef.™

The organisms for feeding were grown on whey agar
slants prepared in 7 x 1 inch test tubes inoculated from
fresk milk cultures and incubated at 37° C. for 48 hours.
HMixtures of several culbures were not used; each rat
received 2 single strain., In part of the work the growth
was removed by means of a large platinum wire flattened
and bernt at the end to form a scraper, while when lactose
was added to the dlet the growth was removed by washing.
In either case the bacteria were suspended in two cc. of
sterile physiological salt solution until the turbidity
matched tubes five to six of the McFarland nephelometer

scale. The suspensions, which were used within a very few

mimites in order to avoid possible injury Yo the organisms,

were added to the diet by pouring over the mixed bread

and meat at the daily feeding.

" In preliminary feeding trials the basal diet was
made up of white bread and mest both of which were
dried and ground. It was found, however, that the
rats did not consume it readily. Some of them
left e great deal of the meat while others lefi
bread sc that the resulis from different rats were
not counsidered comparable. The fresh dbread and
mest diet was consumed with very little waste.

(RSN
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The feces were obbtained directly in a test tube
containing 5 ¢c. of sterile saline solution by holding
the rat up by the $ail and if necessary rubbing the back
at the base of the tail. During the early part of the
work pieces of glass were used in the test tubes to help
in breaking up the>feces, but it was later fourd that
this could be done more guickly and easily by crushing
the feces in the solution with small sterile glass rods.
The suspensions were made to match as closely as possible
tube 8 of the McParland nephelometer scale.

The fecal examinations were made in the manner
described under the methods used in the human experiments.

Results Obtained.

The standard bacterial suspensions were added to
the diet after six days of feeding the basal diet alone.
At that time the fecal smears showed the flora to be pre=-
dominantly Gram-nagative. The proportion of Gram-positive
organisms varied from about 5% to 15 or 20% and in prac-
‘tlcally every case these were large thick rods, coccl,
and oval forms., OCulbures Al, S6, C7, and C17 were esach
fed to one rat and three rats were fed the basal diset
to serve as controls. After one week one gram of lactose
was added to the diet of each rat receiving a bacterial
suspensicn and was continued To the end of the feeding

periode
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The proportion of Gram—pesitive.organisms ghowed
very little change, the highest number being about 25%
in the feces of the rat being fed culture C7; the
character of the organisms in the smears from the coxntrol
animals was quite different, however, from those of the
rats recelving eultures. The presence of small slender
rods was much more noticesble with the latter, while
the controls showed practically all large rods, or
goecis In order to eliminate errors introduced by knowe
ing the source of each smear, an unbiased, experienced
bacheriologist examined and described the smears fronm
the last three days of the experiment. The rats at that
time had been receiving the bacterial suspensions 23
days and in addition one gram of lactose esch day for the
last 16 dayse In only one instance was =2 smear Irom &
control rat picked out as one from o fat receiving a
culture. The smears from the control animale were in
all other instanﬁesﬁdescribed as eontaining Gram-positive
coccl or large thick rods, but very rarely or not at all
any small slender rods. The other smears were described
as containing many alender (Gram-positive rods. As pre-
vicusly indicated, however, the Gram-positive organisms
never reached a predominating propoﬁtian.

The number of small irregulsr and woclly colonies
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on the plates when the cultures were first fed varied

from about 10 or 15% to 85 or 90%. Within a few days
after the culbures were added to the diet the colonies

' became predominantly the small irregular type with Pew

woolly ones, although zuch greater dally variations were
observed than in the experiments with humané. Culiures
isolated from these small irregular colonies, many of
them by mass Inoculation,; were largely small slender
Gram-positive rode which showed the general charvactor-
istics of the cultures being fed. With the control
animalé s on the cther hand, the colonies were predomine
antly of the small woolly type, and these were found

to be large Gram-positive rods which grew very poorly

in niik. The results with the control animals were parti-

cularly confusing since a predominantly Gram-negatlive flora

and the character of the Gram-positive organisms in the
smears apparently indicated that the smooth colonies of
Gram-negative types might be expected on the plates.
There was very little if any difference between
the whey agar shakes from the animals being fed cultures

and the controls. In all cases there was very little gas

| and in general the mumber of small and lawrge colonies
; seemed to be about the same. The liﬁnhzs milk fermenta-

tions were rmuch more stormy than was the case in the ex-
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periments with humans. Although almost no tubesz were

obtained free from gas the amount seemed to be sone-
what less throughout the feeding period with the rats
receiving cultures then with the controls.

There was no noticeable difference in the char-~
acter of the feces either in individual animals or be-
tween the test animals and the controls execept that upon
the additiorn of lactose softer and lighter Peces occasion=-
ally appsared.

Discugsion of Results.

Then four human adults consumed daily one quard
cf milk fermented with a nmixture of several L.casel cule
tures, the changes which took place in the appearance of
feeal smears, in the type of colcnies on plates from
fecal suspensions, and in the type of fermentation produced
in milk inoculated with fecal material all seemed to ine
dicate at leest partial transformation of the Intestinal
flora. The longesﬁ period that stools were exanined after
the fermented milk was discontirmed was four weeks: in
that case the L.caseil type of rods were still apparently
present in considerabls nmumbers. In the other three cases
the length of time that the stools were examined after
discontimuing the nilk was too short to determine azs sat-
isfactorily the persistence of the L.casel types in the

intestinese.
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The important facts which seemed to be indicsted
by the results of these four trials were thst IL.casel
strains isolated from milk and cheese had characters which
made their implantation in the intestinal tract possible.
These types of lactobacilli have many characters in

cormon with the L.acidophilus types particularly in re=-

spect to temperatures of growth and ability to grow under
reduced surface tensions., The latter charscter particular-
1y has been suggested as 2 possible explanation for the

sbility of L.acidophilus to become implanted, and as

a2 reason why L.bulgaricus can nots The natural occurrance

of L.casel in milk and chaess offers & possible explana-
tion for the presence of organisms of this type in the
feces of persons consuming large amounts of these products.
Many of the organisms which have previously been called

L.acidophilus should perhaps hzve been classed as L.casel.

The value of these facts to the dairy industry
is evident. The presence of thsse'orgaﬁisms in dairy
products may be an additional factor in The value of
these products as a foods I greater concentrations of
the organisms are desired, they may be readily isolated
from milk or cheese and pure cultures prepared as iﬁ
these experiments, The value of such fermented milk pre-

parations in treating abnormal conditions in the intestlinal
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tract was not determined since only normal csases were

obaerved.

Although the resulis secured from feeding pure

culbures of L.acidophilus and L.casel to rais were not

as definite as those secured from the experiments with

humans they did indicete that implantation of the

L.casel- culbures was as successful as implantation of

Le.acidophilus cultures under the same conditions. The

difficulty encountered in this series of experiments
seemed to be in establishing abnormsl conditions in the
rates so that greater differences between the control

axnd test animsals might have been produced.

PART IV.
PREPARATION OF ACIDOPHIIUS HIIK
LWD THE EFFECT CF VARIOUS TEMPER-
ATURES ON THE VIABILITY OF
L.AGIDOPHIIUS.

Introduction.

- A study of a group of organisms which have
created sc much popular interest within the last lew
years ssemed to demand that a certain amount of atien-
tion be given to phases of the problem which are 6f
commercial significsnce. This part of the work ine

cludes s study of different methods of prepering

[N
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acidophilus milk which would be suitable for comercial

conditions, and a study of the effeet of various temper-

atures of storage on the viability of L.acidophilﬁs in

milk cultures intended for therapeutic purposes.
Review of Literature.
Rettger and Cheplin {1921) in describing the

preparation of acidophilus milk reported the usual method

-

§~4
Sk

cf autoelaving the millk ab rressure for 20 to 30

']

f
o

minutes before inocculation and enother procedure in
wvhich the milk was heated in a container submerged in
beiling water for 45 minubtes o one hour, Hilk heated in
the latter way, incculated and held at 30°C. and 379C.
underwent characteristic acidophilus coagulation. The un-
noculated f£lasks at these tenmperaturecs showed decided
evidences of putrefaction within 24 hourse. At 20° C.
similar but muich slower changes teck plsce. They cconeluded
that, fron the practical standpoint, sbterilization would
be necessary to obtain constent and reliable resulis.
Xopelof? and Cheney (1922) found helding of acide
ophilus milk for three cr four days, at room temperature,
to be satisfactory; efiter this the viable organisms de=
creased ranzdlv and the acidity increased to the poinf
of unpalatability.

vithout the presentation of data Bass (1924) sbtated

[ERSNE
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that acidophilus milk prepared from milk heated to
190-195° P. for one hour, held 3-4 hours at 98° F. and
then reheated at the same exposure was good for four

or five days, after which the mmber of viable bacilli
diminished raplidly; the keeping quality was not Improved
by refrigeration.

Kopeloff (1926) presented daba on three trials
in which acidophilus milk was held at ice box temperature
(9° C.); the averages showed that after three days about
90% and after Pive or six days 97-997 of the original
number were not viable. In an effort to kill the organ-
isms for another experiment some acidophilus milk was
held at -50 C. for one week, remaining frozen except when
thawed enough to remove samplese. The original count
of about 50,000,000 per cc. was reduced to 1,000,000 per
ec. in two deys, 500,000 per cc. in four days, and 25,000
per cc. in six days, or a reduction of 99.95%.

Mortensen and Gordon (1911) in a bacteriological
study of lacto found that the lactic acid bacieria sur-
vived freezing for a long period and thiat other forms
present did not survive. Their curve, plotted fi-om the
averages of 8 trials, showed that of approécimately |
2,000,000,000 organisms at the beginning, 600,000,000
survived after 7 days, 300,500,000 affer 14 days, and
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200,000,000 after 21 days.

COMPARISON OF HETHODS OF PRE-
- PARATION OF ACIDOPHILUS MIIXK.

The nmost satisfactory method of preparing acid-
ophilus milk 3is a question of considereble commercial
importance. The usual laboratory method of preparation
is to sterilize the milk before inoculation,; but such
a practise is difficult, if not impossible, in most
commercial plants without a considerable outlay for eguip~-
mente Sterilized milk also has a brown color and a
charagteristic caramel flavor distassteful to many persons
s¢ that a white product without the caramel flavor is
highly desirablee. It has become necessary then in many
cases t0 rely upon double pasteurization with incubabion
between the heating periods during which the resistant
organisms presumably enter a vegetative sbate and are
then destroyed by the second heating. The important gues-
tlon 1s in regard to the purity and general commercial
suitability of such a product.

Methods.

Aeidophilus milk has been prepared for some time
by the Iowa State Gollege Dairy Department for its cusitom-
ers. This milk has been fermented z.n flasks and in

A g i ek e 0t it Sttt ek
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hbulk; consistently good results have been secured al-
though an occaslonal off flask or large batch has been
obtained. The bulk milk has been prepared in a jacksted
glass lined steel tank of about twenty gallons capacity.
The tank is provided with a8 propellor agltator and a
heavy 1id which is bolited down to provide an air tight
container in which the millk is raised conveniently o a
temperature of 220° ¥, with a steam pressuve of aboui 6f

in the jacket, thus providing a satlsfactory means for

| sterilizging nilk in bulk. The milk is Incculated with

a flask of acidophilius milk withoult opening the top by
removing the safety valve in the 1id and pouring the in-

oculum through the opening. It is then held at 98-100° F.

. for the required incubation period, when it is cooled

by circulating cold water through the Jaclkebt; it is drawm
off through a valve in the center of the bottone

The efficiency of the double pasiteurization method
for preparing acidophilus milk was studied both with small
amounts in flasks and with large amounts in practical
dairy equipment. The milk in small amounts was heated
by placing two flasks In 2 pan of hot water on a gas heater;
one of the flasks held a thermometer in the cotton plug
so that the t;amperature gould be eonbtrolled within one

or two degrees. One flask of milk was inoculated, one
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held uninoculated, and a third from the same milk steri-
lized and inoculated in the usual manner for comparison.

The study of the preparation of milk in bulk
was carried out in a 30 gallon Haughdahl starter can,
and in the giass lined steel tank described above.

Results Obtained.

The results obtained in four Trisls on preparing
white acidophilus milk in two-liter flasks are showan by
the data presented in Table XIII.

In the first trial both the uninocuiaved and the
inoculated milk had a very bad flaver and odorj; it would
have been absolutely unsaliable. In the last thrse of
the four trials the resuliing product was satislactory
as far as palatability was concerned; albthough a Lew
large thick Gram-positive rods were present as a contamina-
tion. Other than the presence of these rods there was
nothing about the milk which would have prevenied its uss
as a satisfactory comiercial product. The uninoculated
miik, treated in exactlﬁ’ the same manner as wie inoculated,
coagulated in these three trials within two or three
days. As would be expected, in sach case the odor and
flavor were bade. The aclidity was not high enough to cause
coagulation so the effect was one typieal of the sweet

curdling spore forming ‘organisms common in milke In every

A e et stttk
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T ABL XITII.

T e

Data on preparation of “"white" acidophilus
nmilk in small amounts.

a few lavge Gm.-
f£ilaments and thick rods. .

Gt rods.

200° F. 1 hour

, : )
Trials 3 Quality of wesulbing product.
no. 3§ Treatment H s '
: - ¢ uninogulated control s inoculated
P ' :
i 185 - 189° F. t bad odor, ourd : bad odor, curd
¢ 1 houv, o ¢ shimunken, wheyed off, : shrunken, wheyed off,
1 1 3 hrs. at 37 C. : bitter flavor, many 3 bitter flavor, many
¢ 185 = 190° F. : large Gm.+ rods. i lavge Gm.+ rods.
¢ 1 hour. : :
: : : '
$ o : : o E
: 1957 P. 1 hour : coagulated in 2 days, ¢ good flavor and odow, 1
2 ¢ 3 hra. at 37° C. ¢ bad odor, many large ¢ an occasional large
¢t 196" F. 1 hour ¢ Gm.+ rods. ¢ Gnmet rod.
H H H
e 3 A 3 s
: 200° F. 1 hoyxn. ¢ coagulated in 3 days,bad: good flavor and odor,
3 ¢+ 3 . at 37 C. s odor, many long twis%ed ¢t an occasional large
: 2007 Fo 1l houxr. ! Ot rods In filements. ¢ Gm.+ rod.
3 : 2
? : : .
.+ 200° F. 1 hour. : coagulated in & days, & fair flavor and odor,
4 3 3 hrs. at 37° c. : very bad odor, long :
$ : s
: : :
: 3 !
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trisl except the fourth the milk prepared by the ususl
sterilizatlion method was entirely satisfactory. In
trial four the milk was of such poor guality that it
coagulated during sterilization, but in spi‘bé of that

a fair product was oblbained by the double pasteurizatcion
method.

It appears from the resulis of these trials that
in order t0 produce g satisfactory white prcduct it is
advisable to use exposurss of sbout 195 = 2000 Fe for
one nour with an incubation period of abcocub three hours
between heatingse The milk should be of good guaiiiy
to assure obteining a finished product with & satisfaciory
flavor and as few undesipreble organisms as possible,

T™he results of seven trials in whiech larger
quantities of milk were treated under differesnt condi-
tions are presented in Table XIV. HNo uninoculated control
milk was held bubt milk sterilized and imoculated in Plasks
during the course of these trials produced the usual
satisfactory acidophilus milk.

Two trials using the Haughdahl starter can and
two using the glass lined tank for btreating the m.;.lk ree=
sulted in unsatisfactory products. The milk had = bad
flavor and oéoz» and was heavily conbaminated with the

usual large Gram-positive rods. As shown by the data the

T g g s g8 s Ry s e
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XLV

Data on preparation of

in bulk.

"white" acidophilus

Trialt
nos ¢ Contvainer

Treatment

Quallty of resulting product.

H
1  :Haughdahl
- 38tarter can

190 - 194° 7.
50 minutes

wheyed off, lunpy ourd, bad odor and

:

2 s Haughdahl
s8tarter can
:

185 = 195° F. 50 min.

4 hps. at 100° F.

188 «» 195° P, 80 min.

:
H
:
H
H
=

flavor, large Gm.+ rodd.

popy, bad odor and flavor, short
thick Gm.+ rods.

B

3 3Glass lined
s bank
3

1900 Fe 30 min.
8 hpse at 100° F.

g

wheyed off, bad odor and Flavor,
large Gm.+ rods.

4  :1Glass
stank
:

lined

190° F. 30 min.
3 hps. at 1009 P.
190 P. 30 min,

wheyed off, bad odor -and flavon,
bitter, large Gm.+ rods.

s
5 . tGlass lined

190° F. 30 min.
5 hra. at 100° F.
190° ¥. 30 min.

satisfactory flavor and odor.

1900 FO l h()u'x'- ’
3 hps. at 100° w,
190" . 1 hour.

falyr flavor, good curd, few

large Gm.+ rods, satlsfactory.

:bank

8 1Glass lined
hank ,
r

7 .30lass lined
tbank

13
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185 = 190° F. 1 hour.

6 hrs, at 100° F.

185 « 190° F, 1 hour.

]
!
H
H
:
:
H
H
H
:
:
:
H
:
!
¢

fair flavor and odor, firm ourd,
few lavge Gmet rods.
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treatment varied from a single heating at 190 - 194° F.
for 50 minutes to double exposures at 185 - 1950 F. for
50 mimates.

In three trials fairly satisfactory products
were obtained from milk treated in the glass lined
tank. In trial five the same pasteurizstion exposure
was used as in the two previous trials but the incubation
period was five hours instead of three. On the last
two trials the time of exposure at 185 - 190° F. was ine
creased to cns hour with different incubation periods
in the two trialse.

Further work was prevented because of the un=-
favorable effect which the heavy contamination of the
tank was having on the ordinarily successful sterilized
milk product. The resulis obtained seem to indicate,
however, that with a high quality milk two exposures each
of at lesst 190° F. for one hour with an incubation pericd
of from three to five hours betwesn will produce a com-
mercially satlsfactory product without the disadvantages
of the sterilized milk., The higher quality of the produck
and lower mumber of contaminsting organiams obtained by
heating to 195 = 200° F., as in the trials with the milk
in flasks, seem to make it advisable to use these ex-

posuves rather then the lower one of 190° F.
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EFFECT OF DIFFERENT TEMPERATURES ON
THE VIABILITY OF L. ACIDOPHIIUS.

Practically all of the milk products whose con-
dition is affected either favora"bly or mzfavorably by
microorganisme are stored at low temperatures., From
the commercial standpoint the question of the palatabile
ity of a fermented milk ls very important because of the
natural aversion of most consumers to sour milk, while
from a therapsutlic standpoint the mwmber of viable organ-
isms present at the time of consumption seens Lo be
equally significante. A low storage temperature sppears
to be most favorable in maintaining palatability while
it has been pointed out by one investigator thai the
mumber of visble organisms decreases rapidly at refriger-
ator tempeéatzme but that for several days considerable
m:mbers remain viable at room temperature. A mumber of
trials were made with milk cultures held at various
temperatures to obbtain information on the vigbility of
the organismss; it was thought that such informstion
might be of considerable imporiance in determining the
most suitable temperature for storage.

¥ethods.,

In the study of the effect of holding temper-

atures on the via‘bility of Le.acidophilus the following

procedure was enployed. A liter of skimmed milk was
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sterilized in a two-liter flask at 15# pressure for 22
rminutes, ccoled and inoculated' with approximately 1G cc.
of a 48 hour milk culture of the sirain under observa-
tion., The 2lasks were incubgted at 37° Ce until the

typical soft Le.acidophilus curd formed, which usually

accurred in from 36 to 48 hours. The curd was thoroughly
Troken up by shaking until it was of a smooth, creany,
consistency, and then plated on whey agar by the usual

ailution method. Bits of sterile cotbton were used o wipe

: ]

the end of the pipetite with which the milk was measured
into the first water blank so thait the pipetie might

be ri'nsed cut and uniformity obtained throughoub the
series of experimenis. Observing the proper aseptic pre-
cautlons, the milk was next divided into the desired
nambeyr of sterile liter Zrlenmeyer flasks. These TlasXs.
were incubated at room iempemtm=e {approxinately 25° ¢, 1,
refrigerator berperature (5-80 C.), ice water bveuperabure
(s1izntly above 0° C.), and st 37° ¢, A% the intervals
indicated in the iables the milk was plated in duplicate
cr triplicates the plates were incubated at 37° Go and
counted after 4 to 5 days. It was realized that accord=
ing to the recent work of Kulp {1926) all of the viable
organisms might nod grow except in an atmosphere of $0

, 2
but inasmuch as the resulizm were sll obtained under the

gy
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same conditions they were satisfactory for comparative
purposes.

In order to study the effect of a temperaturs
even lower than would be used in the commercial handling
| of acidophilus milk, culbures were frozen in the form
of lacto, a dairy product developed at the Iowa Agricule
tural Experiment Station. It was also felt that if suffie-
ient numbers of the organisms remained visble for a few
days this product would offer a satisfactory source of
Leacidophilus 0 those who disliked or could not take

acidophilus milk,

| The lacto mix was prepared with the meterisls in
the same proportion as originally reported (Mortensen and
Cordon - 1911) except that one ounce of a very high grade
gelatin was substituted for the eggs in several instances.
In the earlier runs the mixing and freezing was done in
a five gallon tub freezer, the can and all utensils being
thoroughly stesmed over a jet before using. In later runs
the gelatin was omitted, as i:he main interest was not in
the body of the product, and smaller guantities were frozen
in a one gallon hand freezer sterilized in the éutoclave
at 15# pressure for 30 mimztes btogether with all spoons
or ladles used in the prepavation.

Immediately before and after freezing, samples were
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removed for platinge. The remainder was packed in paper
containers and held in a mechanically refrigerated
cabinet at approximately 3% P, A% the intervals indi-
cated in the tables samples were removed aseptically
and placed in sterile Petrl dishes. By warming very
gently and tipping the dish bvack and forth siowly the
lactc was melted and mixed; samples free from air
were secured for platinge The plating, incubating and
counting were conducted as described above in dealing
with the plain acidophilus milk.

Results Obtained.

Table XV presents the dabta on the first of =
series of trials carried out to determine the affect of
the holding temperature upon the viabillty of L.acid-
ophiius. The milk culture of Al was plated at fhree
hour intervals during the first day and twice thereafter
at 24 hour intervals. The resulis indicate thas a
gradual increase takes place during the first day of
holding and that the numbers at the end of the sscond
day are lower in the case of the samples held at room
temperature and at 37° C. than with the sample'held in
the refrigerator. In all three instances there wé.s an
increase in mumbers, the final count being 102% of the
original at 37° G., 1274 at room temperature and 157%
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The effect of temperature on the viability of
Lactobaalllue acldophilusg -~ oculbure Al.

3 .

Time; Room temperature ¢ Refrigerator temperature : Incubator temperature
in : o©ols. per  jools. per ad. cols. per :00l8. PEX CC«: COLS, pericols.per c¢.
dayss plate :in millionsg t . _plate tin millions : plate tin millions
I 7] 728 725 725
7 ’
1/4 103 095 84 715 105 895
96 59 74
1/ 126 1,150 106 945 103 925
104 a3 88
3/4 79 790 79 776 119 1,165
- 76 114 |
1 116 1,180 154 1,275 112 1,035
114 121 ‘ 95
2 109 025 118 1,140 76 745

76 110 7S
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at refrigerator temperature.

In the second trisl a fourth sample was included
and held in ice wabter in the refrigerator; the data are
presented in Table XVI. The milk was plated btwiece the
first day and three times at 24 hour intervals, and the
refrigerator sample agein in seven days. The same general
results shown in the first trial were apparent in this:
nemely, 2 gradual inerease in mumbers during the first
day or two followed by =z decreases, At the end of the
third day 1049 of the original number were present at
room temperature, 110% at refrigerator bemperature, 91.5%
in ice water, and 87% at 37° C. The sample held 11 days
in the refrigerator showed 1229 of the original mumber.

' ~ Three trials were made with culture A5 at three
temperatures as shown in Tables XVII, XVIII, XIX. Since
37° G. was ungquestionably not a sulitable holding temper=
ature from the commercial standpoint, no sample was held
at that temperature. In these three trials the numbers
of viable organisms apparcntly decreased in a umore or less
gradual and regular mammers, In two of the three trials
the larger counts after seven days were obtained with
the two samples at refrigerator and ice water temperatures,
while in the third the count wes higher with ths sample

at room temperature. The percent of the original count

R g e b s g i



The effect of temperatuve on ths longevity of

Laetobaoillus aoldophiluss

culture Al,.

T Room . T RePr1gevATor ¥ 1CG.Water : Tcubaton .
Time: temporature ¢ tompepratunre +  temperature H tomperature
in s7eolayicola, péer : cold,:00l8. peY ¢ cola. 310018, POX ; colde $00L8. POX.
dayst per :166. in ¢t per :oc. in : per 0. in : per 106, in

t platesmllllons t plateimillilions i plate smillions 3 plate :millions

108
085
88 970
/2 1g4 129 106 102
105 - 129 06 100
96 1,087 104 1,207 08 993 85 067
1 148 113 109 119
140 103 08 108 '
114 1,540 93 1,030 89 287 108 1,117
2 128 104 116 Qv
117 , 103 o2 89
0 1,125 87 980 90 990 886 003
3 118 112 08 06
03 108 20 80
og 1,010 10L 1,063 78 887 Vi 843
11 ' 134
1158
108 1,180
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TABLE XVII

The effect of temperature on the longev-
ity of Lactobacillus acidophilus.
Culvure Ad.

: Room

N Refrigerator - Lc6e water
B Time: temperature.

¥ in :COls.:cols. per cC.

. COl8. :C0.8. pEr CoisS. :COl8. per
fE deys:per :in miilions i per :cc. in

temperature. : bemperature.
per  :CC. in ‘

" 'S 20 B ¥

:plate: plate :millions : plate :millions
31
25 280
i 266 249 251
234 250 233 241 221 236
2 219 240 244
210 215 218 229 - 244
5 217 244 235
205 211 228 236 252 234
4 237 261 214
201 219 237 249 206 210
5 172 189 152
156 165 170 180 131 142
s 12 256 151
140 141 254 255 142 147
7 130 217 142
| 125 127 211 214 117 130
| BT | 130
£ 335 35 125 128
fo o5 55

85 6 27 o0
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TABLE XVIII

The effect of temperature on the
longevity of Iacitobacillus agid-
ophilus. Culfare 15.

: Room ¢ Refrigerator : Ice wagser
: tenperature s  ‘temperatire : tempsrature
: ¢ols. :¢O0l8,., pEP ¢ COls. :cOl8. POP: £cOlsS.:Cc0l8. DET
: per :cCe in s per :CCe In 3 per :cC. In
: plate :millions : plate millions : plste:millions
258
269
- 264
217 240 _ 195
218 246 216
227 | 221 248 245 - 206
224 212 170
224 233 - 219
- 224 - 223 224 204
163 : - 200 104 ,
183 205 155 :
- 173 222 209 198 152
122 134 157
147 145 - 182
157 143 91 157 178 - 1566
105 121 111
114 - , 150 140
114 111 - 75 148 140 o 130
72 132 117
82 159 14¢ -
83 79 1 154 l‘ , 146
- 38 S 96 106
54 112 113 : _
43 45 iz8 112 i54 124
1 22
25 25
25 23 32 26

e e i e
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TABLE XIX.

The effect of tempersture on the
longevity of Iscitobacillus ascid-
ophilus. Culiure AbS.

: Room = Refrigerator : lce waser
: temperature : texperature + termpsrgture
: COLsS, : COlsS. DEY 2 COLS. :COLSe PEYT :COL3.:C01lSe pEX
: per : ¢C. in s per  :cC. in tper :¢C. In
: plate : millions : plate :millions :plate:millions

492

538

586+« 538

206 254 288

207 301 356

219 211 367 307 - 311

200 192 463

234 124 454

289 241 200 195 505 497

276 4729 447

282 ' 480 466

298 287 435 485 484 458

179 150 122

188 168 ) 137

- i87 175 164 1e8 - 152

165 100 152

171 83 154

185 174 - 93 171 159

177 36 124

192 37 137

- 184 40 38 - 131

155 118

172 126

188 172 140 128

® Bstimated.
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cbhained after seven days varied from 7% (6 days) bo
76.5%, both with a refrigerator sample. The averzage
of the percentages in the three trials were 41.9%9 ab
refrigerator temperature, 39% in ice water, and 31.3%
at room temperature. .In two of the trials the refrige
erator and rocm temperature samples were held two weeks
andé in one of these three weeks. In one instance there
was no gignificant difference while in the cother the
sampie held at refrigerator temperature stlll showed
25,7% of the original count and the room temperature
gsample 12.5%. At the end of the third week of holding
the same samples respectively showed 10.7% and 2% of
the original numbers,

Although not indicated in the tables, the botal
acidities of the samples were determined in most cases
and they were also judged as to thelr palatablility.

As night be expected the acidity of the samples held in
the refrigerator and in ice water» showed practically
ne change and the milk'was still palatable even after
the longer holding periods, whereas the samples held a2t
room temperabture were in all cases unpalatable due to
the high acid, whickh in 211 instances increased to over
1% and reached as high as 1.9% from inltial acidities

of approximately 0.8%.
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It is also of interest in this connection %o
note observations on two cultures which had been left
in the cooler for sight and nine months respectively
in the original forms in which they were received = one
in milk and the other in a mineral oil jelly. The milk
culture was plated on whey agar; the count obtained was
400,000 colonies per ¢c. Unfortunately the numbers orig-
imliy present were not determined. A fairly large ine-
oculation of the mineral oil jelly preparation into
litmas milk showed that the organisms were still able to
cause coagulation on the third ’fiay of incubation ab
37° ¢. This agreed very well with the rate of growth
of these organisms when first received.

The results obtained in ten trials on the effect
of freezing on the viability of L.acidophilus sre pre-

sented in Tables XX and XXI.

The results of the first four trials are presented
in Table XX« It was first intended to hold the lacto
only two or three days as it was felt that this represented
approximately the length of time it would be held comw
mereially but the counts held up so well and the body
remained so satisfactory that the holding period was ex=-
tended to seven days. In the first trial 39.8% of the
original number survived after two 'vdays holdinge In the
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T ABLIE

Effect of freezlng on longevity of
Lactobaclllus mcidophilusgs Culbure Al

3 : o ¥ ; : o
Trial«l : Trial~2 3 Trial«3d 3 Trilaled
Age 1G0L8s 00l8e DO 100LBe :0GOL8e pOT t$cols. tcola, per 3colds :COlss. per
tper 166. In tper 16Ce in ‘tper t6cCe in sper :0C, "In
jplate imllllons splate smilllons :plate imillions iplate :mililons
Fresh = 64 71 84 180 h
mix 69 6156 78 797 92 880 129 1,245
Fresh 6% 61 } B8Y 74
frozen 68 675 ! Vé 736 68 6256 00 820
8
l day 42 . : 48 30 268
' 47 445 49 640 56 330 285 268
65
2 days 83 210 150
26 2456 | 256 233 206 178
3 days 49 55 148
650 78 Gig 276 21
56 6le
6 days 81
96 9
7 days 36

47 4




TABLE XXI

The effeoct of freezing on the via«
bility of Lactobacillus acidophilus.
Culture AL}

100ld.  100l8.por (Wime to  : 10018 10018, por sTime BO oo
Age sper 166. in tcoagulate: :Age iper tecs in ssoagulate
tplate imillions smilk t s splate imillions smilk
Trpial = B i i Trial - 8
75 72
Mix. 90 825 Mixze w2 720
Fresh =~ 63 Fresh 62 "
frozen 65 640 36 hours frozen 63 625 24 hours K
o
61 50 }
1 day 65 630 " " 1 day 61 565 36 hours
. b2 42
2 days 67 595 moou 2 days 4y 445 " "
6l
3 days 65 630 wen 3 daya
48 31
4 days 99 - 535 woou 4 days 38 330 " "
53 - | |
B days 54 536 e 5 days
48 31
6 days 58 520 v 6 days 40 355 " "
50 35 |

7 days 52 510 " 1 7 days 38 365 " "
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8 days 54 535 v 5 days
48 31

8 days 56 520 oo 6 days 40 355 n i
850 ' 35

7 days B2 510 o 7 days 38 365 " .

Tpial - 7 i Trial - 8

46 94

Mix 49 478 Mix 100 970

Fresh 32 Fresh 61

frozen 37 345 36 hours frozen 68 645 36 hours
3l 61

1l day 35 330 " n 1l day 63 570 " u
29 41,

2 days 31 300 L 2 days 53 470 o
26 a8

3 days 38 320 " " 3 days 60 500 n "
29 38

4 days 51 300 48 hours 4 days 37 360 .o
36 40

B days 41 380 v 5 days B9 495 woou
32 | 49

6 days 35 335 " " 6 days 53 510 n "
3% 40

7 days 54 458 36 hours 7 days Bl 455 i n

Continued on page 128a.







:00l8.  :00lpepor:iime BO 3 sCO0L8s  :ColB.per :iime o
Age iper tecs In  :coagulate s sAge sper sce, In rooapgulate
— :plate mllllonsimilk : ¢ splate «millions :milk !
Trial « 9 % Trial = 10
130 ' 76
Mix. 160 1,450 Mix., 06 860
Frash o7 Presh 7
frozen 104 1,006 36 hours frozen 79 780 36 hours
| 68 an
1 day 85 e " " 1 day 51 490 " u
68 57 {
2 days 76 720 " " 2 days 70 6356 " f g
78 i
- 3 days 79 785 " " 3 days
74 | 58 '
4 deys - 7 ws5 " " 4 days 42 388 " "
45
5 days BY 510 " " 5 days
74 35
6 days 76 746 " " 6 days 40 375 " "
69 28

¥ days 74 716 " " 7 days 38 315 n "
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next three trials the number surviving after 3 days
varied from 1.7% to 84.7% after three days, while in
trial four only 0.3% remained after seven days. This was
the lowest percentage obtained in the 7 trials during
which the samples were held 7 days.

In the last six telals, besides the plate counts,
observations were made cn the effect of inoculating
100 cec. of sterile milk with 1 ccs of the lacto and in-
cubating at 57° C. The time to coagulate was recorded
to the nearest 12 hours. In most cases it will be noticed
that the time was 36 hours which was approximately the
time required for a regular culbture of Al o coagulate
under the same conditions. Uhen the curd formed was of

the typical L.acidophilus type with a slight amount of whey,

the odor pleasant, and stained slides showed little or no
contaminating forms, it was considered satisfactory evidence
that the plate counts represented the organisms used in

The lacto and not contaminating forms. Such an assumption
was alsc justified since the findings of numerouns investi-
gators on ice cream indicate that the prinecipal sources

of bacteria are the milk and cream used in the mix;

similar results were obtalned in the original investiga-
tions on lacto. |

The data on the last six tz-:ials are presented in
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Table XXI. In general there seems to be az gradual and
fairly regular decrease in mmbers; although the data
show fluctuations from day to day these are felt to be
within the range of experimental error when the nature of
the material beling plated is considered. 7The highest
percent of the original number surviving after 7 days
was 95.8% in trial 7, and the lowesit was 36,67 in trisl
10; the average for the six trials was 56.7%. If the
low figure of 0.3% obtained in trial 4 is included in
the average of all the seven day trials, the figure becomes
48.7%.

Discussion of Resultse.

A study was made of the preparation of acidophilus
milk by a double péstetmization of the milk both in flasks
and in commercially practical dairy equipment. The product
prepared in flasks was of good quality when the milk was
subjected to two periods of heating at not less than 195° F.
for one hour with an incubation between of three hours at
5‘?0 Ce Although the acidophilus milk would have been
considered commercially satisfactory as far ag its palat-
ability was concerned, 1t was never free from at lesast
a few large Gram-positive rods.

During seven trials in which milk was heated in
either a 30 gallon Haughdahl s-taz"cef can or a glass lined

Uity Ay e e v 7 A
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steel tank it was found that z fairly satisfactory pro-
duct could be prepared in bulk by double pasteurization.
The starter can was not satisfactory in the two triais
in which it was used; three of five lots prepared in
the glass lined %ank were of falr quality. Two £Xposures
of one hour each at 190° F. with an incubation between
of from three Lo six hours seemed to be necessary for
favorable results.

From these results it appears thet with a2 good
quality milk a commercially suitable white acidophilms
milk can be prepared by treating the milk by double
pastéﬁrization. The superiority of the fermented milk
prepared in fiasks over that prepared in bulk seems %o
Justify the conclusion that two exposures at 195 - 200° F.
for one hour with an incubation between of about turee
hours at 100° F. should be recormended for commercial
purposes. Such milk can not be expected to have as good
keeping qualities as a sterilized milk product because of
the presence of contaminating organisms of a Type which
might cause deterioratiocne. For the preparation of acid~
ophilus milk for early consumption it is felt thé.t this
methed is practicable if carefully controlled and a 'milk
of high quslity is alwsys svallable..

In z study of the effect of temperature on ths

e & e KSR
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viability of L.acidophilus it was found that in aimost

every instance a larger proportiomn of the original
number of organisms in a milk culture were viable afier
seven days in the refrigerator or in ice water than when
held at room temperature. Thié difference usually bee
came apparent wiﬁhin two or three days. |

The palatability of the milk held at the lower
tenperatures always remained good throughout the holding
period while that of the milk held at room temperature
fell off rapidly duvue to the increase in aciditye. Further
trials in which acidophilus milk was frozen in the form
of lacto showed that large numbers survived freezing fox
at least seven dayss; the average of the percent surviv-
ing in six trials was 56.7%. These results agree with
those found by Mortensen and Gordon (1911) in a study of
the organisms surviving in lacto made by the usual method,

The results of these trials indicate that acid-
ophilus milk kept at refrigerator temperatures will main-
tain its pelatability much longer than at room temperature

and that during the length of time that the milk would ordin-

arily be kept there is not an excessive decrease in the
rumber of viable orgaenisms. The results with the lacto
seemed to indicate the possible value of this product as a

means of supplying L.acidophllus to persons who would
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otherwise not consume these organisms as the ordinary

- acidophilus milk,

GENERAL DISCUSSION OF RESULLS.
A study was made of 86 culbtures of lactobacillii

congidered as belonging to three species - L.acidophilus,

L.bulgsricus, and L.caseli. The cultures were secured

from various sources: 33 were from rescarch and commer-

cial laboratories and included 9 Ls.acidophilus, 7 Le.bul-

garicus, and 17 L.casel; 53 were isolated, 18 of which
cezme from the fecal mabted of humans and animels and were

considered as L.acidophilus, while 37 came from raw milk

and cheddar cheese and were considered as L.casels

In the isolation of the L.acidophilug strains

Prom fecal material the Heymann acetic zcid bouillon
method was found te be more certain than a dilution
method or direct plating. Fewer failures resulted with
the acid medlwm while other methods were apparently
successful only under particularly Pfavorable conditions.
These resulbs agree with those of various investigators.
The use of milk as an enrichment medium fox the
development of the lactobscilli when isolating these
types from milk and cheese proved very satisfactorye. The
frequency wi;ah which L.casel culbtures were secured fronm

milk end cheese showed their prevalence in these products;

e "




mumerous investigators have reported similar results.

The size of the various organisms made possible
a classificaticon intoe twe groups which was convenlent
for discussion; Iin one group the cells were classed as
large, and in the other as small.

Several imporitant characters were studied with
the idea of determining whether or not & correlation |
existed which would be of value in identifying and class-
ifying organisnms belonging to these three species. The
ability of the culbures to grow at various temperatures
seemed to show scme correlation between this charscier
and the size of the organismse. For the nost part the

cultures classed as large among the L.bulgaricng and L.acid-

ophilus groups were sble to grow at 45° C., while those
clagssed as small in these groups were unable to grow or
grew very poorly at this high temperature. On the other hand
the cultures classed as small were for the most part sble
to grow at room temperature and at 15-20° C., while those
classed as large were for the nost part urnable to grow

or grew poorly atv these temperatures. Twelve culibures
classed as large in the L.casel group falled to grow st
any of these semperatures, while st 37° C. these cultures
grew very slowlye. Eleven L.casel culbures grew at 45° Cop
but rather poorly, while practically‘all except the 12

TG g et 2 i 0 b 47 T 3 T4 TR B S AT
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noted gréw well =t roon temperature and at 15=202 C.
All except one of the 11 were classed as smalle, It
appears from these resulis that in general the lavge or=
ganisms grew better than the small at 45° ¢. s vhile the
smell organisms grew betier than the large at the lower

emperatures. Since Lebuligaricus has long been recognized

2s having s high optimm growth btemperature the relation=
skips just indicated seemed to be significant. Studies
of other charscters empiasized this relatlionship.
Thirteen irials were made using several different
medis and depressants o deternine the effect of lowered
surface tension of the medium on the growth of the or-
ganisms being studied. Prelimirary trisls and the first
few reported in ‘chis study showed the superiority of
sodium ricinoleate as a depressant over sodiwm tauroc-
cholate, sodium glycocholate, or sodimm oleate sc in zﬁost
of the trials sodium ricinoleate was used. When the
surface tension of the medium was depressed much under 40
dynes the first cultures Pfaliling to grow were apparently
in the group classed as large. In mediwm X all of the
6C cultures tested grew at 40 dyres; at 37.4 dynes 23
of 82 cultures failed to grow - 186 of these were large
and 7 small, In whey pepione broth st 39.0 dynes 9 of 87
cultures failed to grow and all were classed as large;
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at 37.3 dynes 58 of 87 failed to grow and it was notice-

able that the smell L.acidophilus and L.bulgaricus sbtrains
were among the few which grew. In 5eef infusion boulillon
17 of 60 culftures failed to grow and 16 of these were
classed as large. Among 72 cultures ftried in medium I,

4 large strains of L.bulgarizsugs and L.acidophilus falled

to grow without depressant; et 39.0 dynes ¢ failed %o
grow and all were classed as large. From these resulis it
is evident that a closs relationship exists bebween the

large Le.acldophilus and L.bulgaricus organisms In respect

to their ability to grow in medis with reduced surface
tensionse The results also seem to indicate that 40 dynes

-

is 2 critical surface tension for the L.bulgaricus types,

and that the swall L.acidophilus and L.casel types ave

sble to grow when the surface tension is reduced to nearly

37 Qynes. The suitability of the medium wlthoubt depressant

as well as the depressant used undoubtedly influence the
ability of the organisms Lo grow at reduced surface ten=-
sionse. |

A study of the type of lactic acid produced in

milk by 12 culbures considered as L.scidophillusg showed

variations from pure active to practically pure inactive
acide The active acid was always the dextro modifigation.
Pour of six large cultures produced largely or entirely

insctive acid. In other characiers, such as growth at

e
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45° C., but not at 15-20° C., failure to grow in medium
X at 37.4 dynes, and the failure of one of them to fer-
ment maltose, these cultures closely resembled the

L.bulgaricus cultures classed as large. These four were

among‘five from other laboratories studied for the type
of lactic acid produced.

Determinations of the total and volatile acids
produced in milk by 66 cultures did not show any parti-
cularly striking relationships. Five of the six culbures
wodueing over 2.04 acid were classed as large, grew at
45° C. but not at 15-20° C., and failed to grow at the

lower surface tensions; two of these were L.acidophilus

from laboratory sources, and three were L.bulgaricus.

The volatile acidities varied widely, the values ranging
from 4.7 o 41.7. The L.acidophilus cultures seemed %o

produce slightly higher volatile acidities since the values
obtained with several were over 30, while none over 30

were obtained with the L.bulgaricus cultures and with only

an occasional L.casei culiure.

Sixteen cultures were studied as to their pro-
teolytic activity in milk both with and without cac:os
during an incubation of 30 days. All of the culturés
caused some increase in soluble nitrogen; the values

varied from 1.0 £o 6.7% in the milk without CaCO,, and from
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1.3 0 19.2% in the milk with CaCOgze In nearly all in-
stances a culture casused higher increases in milk with
Cal0, than in milk without the carbonate. Among the
groups of organisms when a culture caused the highest
increase in milk with CaCOg 1t also caused the highest
inerease in milk without CaC0gz. No particularly signi-
Picant relationships seemed t0 exist between the amount
of proteo;ysis and cther characters.

Studies of the various characters of the organisms
seemed to bring out correlations which would Justify
certain eonclusions as to their interrelationships. Most

of the cultures classed as large in the L.acidophilus

groups exhibited characterlstics which indiecatsd close
relationship to the Ll.bulgaricus cultures classed as large.

Among these charachers were a tendency to grow betier at
45°% ¢. than at room temperature or 15 - 20° Ce; a fallure
for the most part to grow at surface tensions mch under
40 dynes; a tendency to fall. to ferment maltose, parti-
cularly under a reduced surface tension; and a production
of approximately the same amounts of lactic scid, which
was also mainly the inactive modification. The small

L;acidophilus types on the other hand showed close re-

lationship to the L.Ccasel cultures in these charascters;

their reaetions to the conditions mentioned above have
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been pointed out as being ocpposiie Lo those shown by
the large vypes. It scems thabt many of the lawge types

previously considered as L.acidophilus should have been

considered as L.bulgaricus and the small types as L.casel

or else that two types of L.acidophilus exist one of

which is closely related %o L.bulgaricus and the. other
%o L.caseil. If the latter view is to be accepted,
Lecasei seems to bear closer relationships to both L.acide-

ophilus and L.bulgaricus than these two species do to

one another. If any one species is to be considered a

central type, 1t appears from this study that L.casel

rather than L.acidophilus should be accepted as the central
type. In any case it must be recognized that certain
forms are Pfound which spparently are borderline strains
lying between two species so that no absolutely definite
line of demarcation can be drawn between thems. The close

relationship between the L.casel and L.acidophilus types

suggested the probability that L.casei could be implanted
in the intestinal tract since indications are that L.acid-
ophilus can be.

| Feeding experiments were conducted with four
young men and with rats; the effects of feeding were de~
termined by bacteriological studies of the feces. The men
consumed daily, with the regular diet, one quart of milk
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. Permented with several L.casel cultures isolated from

milk and cheese. The rabts were fed suspensions of
pure cultures of singie strains of L.caseil or L.acidoph-
ilus with & basal diet of fresh white bread, and fresh

beef; lactose was added to the diet of all except the con-

trol rats during the latter part of the trialse. Results

obtained with the men particularly seemed to justify the
conciunsion that transformation of the intestinal florz -
ook place. Iess definite results were obtained with the
rats although the change in flora was sufficient for an
unbiased observer to be able to detect under the micro-
scopevwhich.fecal smezars were Irom rats receiving cultures
and which were from the controls. No such proportions of
Gram=-nogitive organisms were found in any fecal smears as
have been reporied by several investigators. The results
were more in agreement with those reported by Kopeloff |
(1926} .

The ability to become implanted in the intestinal
tract further emphasized the closevrelationship between

L.cagel and Le.acidophilus, particularly between the small

strains. It alsc indicated the probability that many re-
ports of favorable changes in the intestinal flora from
milk feeding have been due in part at lsast to the presence

of Le.casel %ypes in the milk. The importance to the dairy
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industry of the prevalence of these types in milk ard
cheese is further brought out by the results of these
trials,

It was found to be possible to prodice a satig-
factory white acidophilus milk by two exposures of &
good guality milk at 195 -~ 200° F. for one hour each,
with an incubation between of about three hours at 100° F.

Large Gram-positive rods, very evidently not L.acidophilus,

were present, however, in every instance. This method
was not as consistently successPul as when the milk was
sterilized.

| Storage of acidophilus nilk at refrigerator btem-
perature was found to be more satisfactory than at rcom
temperature both £rom the standpoint of palatebility and
the nuzber of crganisms remaining visble sfter seven days.
The organisms were also found toc be able Lo survive freez-
ing in the form of lacto; the average of six ftrials
showed that 56.7% of the original number were viable aPter
seven dayse. This was considered a new and satisfactory

medium for supplying visble L.acidophilus to persons who

would not take acidophilus milk in the usual form.
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‘ COKRCIUSICONS. -
l. The Heymsmn acetic acid bouillon method of

isolating Le.acidophilus from fecal matvter proved more

¢certain than a dilution method or direct platinge.

2. The use of milk as an enrichment medium was
very satisfactory for the izclation of L.casel from milk
and cheddar cheese.

3. The size of the lactobacilli studied showed
certain correlation with the temperatures at which they
were able to grow.e In general the large types grew bebter
than the small at 45° C., while the small grew better than
the large at room temperature and 15 - 20° C.

4, The Size of the lactobacilli studled showed
certain correlation with their ability to grow in media
with reduced surface tenslions. In general the small types
were able to grow at lower surface tensions than the large.

Se The ecritical surface tension for L.bulgaricus

in the media used was apparently 40 dynes; L.acidophilus

and L.casel were able o grow when the surface tension was
at least 2 to 3 dynes lowere.

6. Twelve L.acidophilus eultures produced largely

dextro lactic acid.
7. The asmount of total and volatile acids produced
by 66 eultures of the three species varied widely. All

produced some volatile acid,




8. The soluble nitrogen in milk with and without
Cacos was increased by 16 cultures including represent-
tive members of the three species.
9« The L.casel cultures were very closely ree

lated be beilhh Le.acidéphiiuns and L.bulgoricus. Either two

types of L.acidophllus exist or else the large btypes

should be classed as L.bulgaricus and the snall types as

L.casel. If the two type ldea is sccepted, L.casel

rather than L.acidophilus should be considered as the

(¢
<)
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ype of these species.
10. L. cagsel seemed to be capeble of implantation
in the intestinal ftract of hmmans and rats.

11, It was found to be possible to prepare white

acidophilus milk by pasteurization of the milk at 195 -
200° F. with two exposures of one hour each and an incuba-
tion period of about 3 hours at 100° F. between. Not as
consistently good resulis were obteined as by sterilizze
ion of the milk, and large Gram-positive rods,very‘evident-

17 not Le.scidophilus, were always presente.

12, Refrigerator temperabture was found to be
better than room Semperature for the storage of acidcphe
iJus milks +the milk remained palatable longer, and more
organisms were viable after 7 days at refrigerator temper-

ature.




13. 4 large proportion of the viable ocrgsn-
isms survived freezing in the form of lacto for 7 days.

14, Acidophilus lacto was c¢onsidered & new
and satisfactory mediwz for supplying viadvle Le.acide

ophilus to consuuerss
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