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INTRODUCTIOR

The results of various investigations show that satisfac-

tory butter cultures are not pure cultures of Streptococcus lac-

tis but that a second type capable of fermenting citric acid
with the production of certain volatile acids is also present.
This second type includes organisms of at least two species,

Streptococcus citrovorus and Streptococcus paracitrovorus, and is

often referred to in discussions of the bacteriology of butter
culturees as the *associated organisms",

In the fermentation taking place during the ripening of
butter cultures each of the two types of organisms is resvons-
bile for certain'changes and the production of a desirable
flavor and aroma is the result of an associative action. It
is obvious that under these conditions, factors that affect
the growth of either type will also affect the quality of the
butter cultures produced.

The studies that have been made on the bacteriology of
butter cultures have, for the most part, dealt with factors
which influence the quality but they have not been apovroached
from the angle of their effects on the growth of the indivi-
dual types of organisms present. This is becsuse there has

been no satisfactory method available for the study of the
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relative numbers of these types. Morphologically, §. lactis
and the assoclated organisms are not distinguishable and butter
cultures appear as pure cultures when stained preparations are
examined. The other characters of the two types of organiams
are also alike to the extent that the organiems cannot be
ldentified without being isolated and observed in pure culture.
The difficulties of distinguishing between them was undoubtedly
a factor in the failure of early investigators to recognize the
presence of the two types in butter cultures,

Problems concerned with the development of new butter
cultures have to do with obtaining and maintaining the gorrect
growth balance between the two types of orgsnisms. Defects,
such as off flavors, lack of flavor or slow coagulation, often
occur in butter cultures that are being traneferred rsgularly
and an understanding of these would be greatly helped by in-
formation concerning the growth relationships of the types in
satisfactory and in unsatisfactory cultures,

In creameries where conditions for transferring butter
cultures are not the best, cultures often become unsatisfactory
and‘it is necessary to secure fresh cultures from some labora-
tory. Such & laboratory may be loceated at a conslderable
distance from the.oreamery and this mesns the cultures must
be in the mail for from one to several days during which
time they may be subjected to temperature conditions unfavor-

able for holding. Packing in ice or in containers designed

Py
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to maintain low temperatures during shipment 1s rather expen-
sive and has not been practiced to any extent. A method which
would reduce deterioration in butter cultures during periods
of holding as during shipment, would be desirable for several
reasons. Such a method would permit the maintainance of a
number of butter cultures in laboratories with less work and
expense. Butter cultures that are being carried but are not
needed for immediste use would not require regulsar transfer-
ring. Such a method would also permit butter cultures to be
stored in creameries for a certain time without appreciable
deterioration. This would be helpful because the butter
cultures would be available when most needed. As it is, in
many plants new butter cultures do not arrive when it is most

desirable to have them.
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STATEMENT OF PROBLEM

The work herein reported is divided into two parts.
Paert I. 18 a study of the numbers of the two types of organ-~
isms present in butter cultures under various conditions. It
involves first, attempts to find a method for determining the
numbers of each of the two types of organiems present, and,
second, studies on the variations occurring in the growth re-
lationships of the organiems in butt:r cultures under different
condltions, including those existing when new cultures are
being developed. Part 1I. involves studies on the effesct of
the addition of calcium carbonate to silk on the keeping

qualitiss of butter cultures made from it.



PART I.

STUDIES ON THE NUMBERS OF EACH OF THE
TWO TYPES OF ORGANISMS PRESENT IN BUT-
TER CULTURES UNDER VARIQUS CONDITIONS

HISTORICAL

The lack of knowledge on the part of the early investi-
gators concerning the presence of the associated organisms in

butter cultures suggests that 3. lactis is normally present

PN

in the larger numbers.

| Hammer and Bailey (11) observed that by gradually dilut-
ing a butter culture a quantity of culture could be secured
which would cosgulate milk but would give only a low volatile
acidity. This indicates that the organism responsible for a
high volatile acidity had been diluted out and accordingly

that Bacterium lactis acidi was present in the larger numbers.

Hammer (10) in studying the comparative numbers of the
two types plated butter cultures on whey agar and picked
colonies info litmus milk, latexr classifying the organisms on
the basis of the changes produced. The results showed that

S. lactieus constituted from 63 to 94 per cent of the flora

while the associated organisms constituted from 6 to 37 per
cent. Pickings made from butter cultures carried by different

experienced persons gave gimilar results, the 8. lacticus




~Ow
varying from 87 to 99 per cent and the associated organisms
from 1 to 13 per cent.

Orla~Jensen, Orla-~Jensen and Spur (19) studied the num-
bers of the two types by plating on litmus gelatin on the theory
that colonies of associated organisms would not produce as much
aci& as would colonies of S, lactis and could therefore be
distinguished. This method failed because the differences were
not great enough to be useful. These investigators also used
a casein peptone gelatin, with yeast extract, on the assumption
that the growth of the associated organisms would be favored
to the extent that the colonies could be distinguished but this
also was unsatisfactory. They concluded that the best way to
study the numbers was to plate the butter cultures and to pick
large numbers of colonies and study these in detail.

It was pointed out at an early date by Conn (6), (7), (8),
and Weigmann (21) that pure cultures would not produce the
flavors wanted in ripened cream. Attempts to develop flavor
and aroma in dairy products by combining different species of
bacteria were made by Marshall and Ferrand (18) and Evans,
Hastings and Hart (9) but the combining of the two types of
organisms in a systemetic way was not poesible until later when
the organisms associated with §. lactis in butter cultures were
definitely known.

Hammer and Bailey (11) isolated organisms from butter

cultures which in comdbination with Bacterium lactis acidi would
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produce volatile acidities approximately those of satisfactory
butter cultures. They referred to organisms of this tyve as
"associated organisms". These investigators suggested, however,

that all cultures of Bacterium lactis acidi are not equally

adapted for use in combinations of this kind. They assumed that
thie should be expected because other varistions existed, for
example, variations in the ability of different cultures to pro-
duce ropiness as a result of associative action.

Storch (20) also reported that all strains of Strepto-
cocci and Betacoccl are not equally adapted for living in
symbiosis. He observed that pure cultures of Strepntococci will
apparently become contaminated under natural conditions with
the aroma producing organisms and that 2 high volatile acid will
result.

Boekhout and Ott de Vries (5) studied five cultures of
aroma forming bacteria and three of lactic acid organisms. Three
of the aroma organisms gave good results when combined with any
of the lactic acid organisms while the other two gave good re-
sults with only one. In regard to methods of combining the two
types of organisms these investigators reported tbat mixing
30 cubic centimeter cultures of eech gave good results; also,
that inoculating the lactic acid organisms with a needle into
a 30 cubic centimeter culture of the aroma forming organisms
was satisfactory.

Hammer (10) found that associated organisms could be
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combined with S. laoticus from different sources and the mix-
turee would produce high volatile acidities. This suggested
that this ablility was not peculiar to certain cultures of 8.
lacticus. At this time Hammer studied methods of combining the
two types slsc and found that there was an advantage, as
measured by the production of 2 high volatile acidity, in add-
ing the associated organisms first and giving them time to
grow before adding the §. lacticus. When §. lacticus was inoc-

ulated first only a low volatile acidity was produced. How-

ever, if the §. lacticus grew slowly a high volatile acidity
was gometimes produced.

Vaeriations in cultures of S. paracitrovorus were reported

by Hammer and Baker {12). However, they did not correlate the
variations with the ability of the organisme to produce satis-
factory butter cultures when combined with S. lactis.

The S. lactis group of organisme was studied by Hammer
and Baker (13) wao reported distinct variations between cultures.
Besldes typical 8. lactis, four varieties were designated.
These were not studied from the angle of their abilities to
produce desirable utter cultures when combined with the
associsted organisms but some are obviouely not suited for

this. For example, S. lactis var. maltigenes produces an

cbjectionable flavor and S. lactis var, tardus is a slow

acld producer.
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Knudsen and S¢rensen (15) believe that the buffer action
of the milk used is important in determining whether a good
butter culture is obtained when the two types of organisme are
combined. Their theory is that when the buffer action is low

8. cremoris (8. lactis) produces a change in the hydrogen ion

concentration so rapidly that it hinders the growth of the

agsoclated organisms.

METHODS USED

The beef infusion agar was prepared from the infusion
obtained by holding lean finely chopped beef in water for about
15 hours at approximaztely 590. The beef was used at the rate
of one pound for each liter of medium being made. It was
added to one half that volume of water and after the holding
the liquid was recovered by strain;ng through cheese cloth.
The other one half of the vclume of water was used for dis-
solving the agar and peptone which were added at the rates
of 1.5 and 0.5 per cent respectively. After the agar and pep-
tone were dissolved the temperatures of the two solutions were
adjusted so that when mixed the temperature of the mixture
would be about 50°¢. This was to avoid coagulation of the
protein due to a high temperature and also to avoid gelation
of the agar due to a low temperature. Prevention of the co-

agulation of the protein at this point permitted its use as
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a clearing agent when the medium was heated in the autoclave
later. The reaction was adJusted to plus one according to
Fuller's scale. In some instances two per cent of lactose was
added to stimulate the production of acid.

The whey agar was made using whey recovered from fresh
skimmed milk with the aid of rennet. The other ingredients were
1.5 per cent agar and 0.5 per cent peptone. The reaction was
for the most part adjusted to plus one according to Fuller's
scale although in some instances it was adjusted almost to neu-
trality in the hope of making the changes in scidity occurring
near the colonies more evident. The medium was cleared with
eges.

Two methods for determining the volatile acidity produced
were used. The first was that described by Hammer (10). It in-
volves the distillation with steam of 250 grams of milk culture
aftér the addition of 15 cubic centimeters of approximately nor-
mal sulfuric acid and enough water to bring the volume to about
500 cubic centimeters. The resulis are expressed as the cubic
éentimeters of tenth-normal sodium hydroxide required to neu-
tralize the first liter of distillate, phenolphthalein being
the indicator,

A shorter method of determining the volatile acidity was
used after comparing it with that described above in order
that interpretations of results would be uniform. This con-
slsted of distilling 50 grams of milk culture with steam

after the addition of three cubic centimeters of approximately .
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normal sulfuric acid and 50 cubic centimeters of boiled dis-
tilled water. The first and second ten cubic centimeter por-
tions were collected and titrated separately against twentieth-
normal sodium hydroxide using phenolphthalein as the indicator.
The results are expressed as the sum of the amounts required to

neutralize the two ten cubic centimeter portionms.

RESULTS OBTAINED

Studies on the Numbers of each of
the Two Types of Organisms in Butter
Cultures.

The studies on the numbers of each of the two types of
organisms in butter cultures involved trials with various
methods which it appeared might be useful for giving informa-
tion along this line. These trials included (1) attempts to
distinguish between colonies of the two types on agar to which
indicator had been added (2) attempts to detect the presence
of associated organisms in combigations with S. lactis by the
aroma produced in litmus milk and (3) deteotion of the presence

of associazted organisms in combinations with S. lactis by the

volatile acldity produced in sterilized milk.

Attempts to distinguish between colonies of the two types on
agar %o which indicator had been added.

Since 8. lactis ordinarily produces more acid than do
the assocliated organisms it was thought that this could be used

for distinguishing between colonies of 8. lactis and colonies of
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the associated organisms on ager in the presence of an indica-
tor. The indicators studied were, brom cresol green, methyl
red, brom oresol purple and propyl red. Early trials with
propyl red indicated that it wee not satisfactory for showing .
changes in acidity produced'by the butter culture organisms in
agar and i1t was not used in further trials. Originally, both
beef infusion and whey agars were used but after a number of
t:iale it was decided to uss beef infusion only because of its
clearness and lack of color. Solutions of the three indicators,
brom cresol green, methyl red and brom cresol purple, were at
firet added to the agar by putting'them into the petri plates
Just before pouring the agar. Approximately saturated alco-
holic solutions were used and two-tenths of one cubic centimeter
were added to each plate. This amount of the solutions produced
colors in the agar that were too dark to show small color changes
well. The development of colonies was inhibited alsoc as was
shown by comparisons with duplicate plates containing no indica-
tor. Accordingly smaller amounts of the solutlons were added
to plates with the result that the colonles developed satis~
factorily and the color produced in the agar was not so dark.
Color changes were produced by colonies in the agar containing
methyl red and in that ocontaining brom cresol purple. These
changes, however, were too indistinct to be useful for dis-
tinguishing between the colonles of the two types. The agar

containing brom ecresol green'showed no color change.



~16-
Although the colonies developed satisfactorily on agar
containing small amounts of saturated alcoholic solutions of
the indicators, aqueous solutions were also tried to see if
eliminating the alcohol would have any effect. These were
added to the plates in the same way the alcoholic solutions
had been added.. There was no advantage in the use of the
aqueous solutions and there was the disadvantage of having to
sterilize them before putting them in the petri plates. More-
over, methyl red is comparatively insoluble in water and it was
difficult to get enough in solution to produce a color in the
agar that would be useful in showing small changes in acidity.
Another method of adding the indicator solutions was to
put them into the agar at the time it wae filtered and tubed.
It was convenient to add the solutions at this time and it also
permitted a uniformity of color in the various tubes. Amounts
were added which were thought to produce the most desirable
shades of color for showing changes. These amounts were with
brom cresol green five-hundredths of one cubic centimeter of
saturated alcoholic solution per 100 cubic centimeters of
medium, with methyl red one-tenth of one cubic ceﬁtimeter of
saturated alcoholic solution per 100 cubic centimeters of medium
and with brom cresol purple one cubic centimeter of a 0.32
per cent aqueous solution per 100 cubic centimeters of medium.
An aqueous solution of brom cresol purple was used because it

wag available and was convenient to use rather than because
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there was any advantage in its use,

The colors produced 1& the plates to which the indicators
were added in various ways were as follows. The agar with brom
cresol green was of a dark bluish green color and no change
ococurred near the colonies. This indicator is sensitive within
| the range of pH 3.8 to 5.4 which is probably tco acid for show-
ing changes in acidity produced by the butter culture organisms
growing in asgar. The agar with methyl red was usually quite
similar in color to the agar which contezined no indicator and
only slight changes were produced by the butter culture organ-
isms growing in it. This indicator changes from yellow fo
red as the reaction changes from a pH of 6.0 to a pH of 4.4,
Thus the medium to begin with was yellow and was expected to
turn to red as the pH changed to below 6.0. Only a very slight
pink developed however. Besides being faint the color change
was not confined to the immediate vicinity of the cclonies
producing it due, presumably, $a the rapid diffusion of the
acid through the medium and 1t was impossible, especially when
many colonies were present, to tell which were producing the
acid. When the numbers of colonies on plates were small they
usually all appeered to be acid producers. The agar with brom
cresol purple was of a purple-red color. This indicator changes
from purple to yellow as the resaction changes from a pH of 8.8
to 5.3. The agar in the plates containing large numbers of

colonies turned %o a brownish yellow throughout and no distinc-
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tion cculd be made between them. The two types of colonies
could not be distinguished even whén there were only small num-
bers per plate because the color changes were only very slight
and were not confined to the area immediately surrounding the
colonies.

Trials were also madé where the agar was flooded with
indicator solution after the colonies had developed. This waa‘
to avoid any effect the indicetor sclutions might have on the
growth of the colonies. It was also hoped that a comparatively
rapid action of the indicators would show more distinct chenges
of color than the action of the indicators over a longer period
of time. These trials, however, gave the same resulte as did
the trials in which the indicators were present duriné the
growth of the colonies; the color changes were not distinct and
were not confined to the immediate location of individual
colonies.

The addition of lactose to beef infusion agar did not
prove to be of an advantage in stimulating the production of
acid by the butter culture organisms growing in the agar.
Adjusting the reaction of ihey agar to almost neutrality like~
wise did not prove to be of an advantage for making color
changes, produced by the butter culture organisme, more distinct.
| The failure of the method involving the addition of indi-
cator to agar was probably due to sesveral factors. The butter

culturé organisms grow poorly on solid media so that only small
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amounts of acid were produced and the changes in color were
only slight, The acid that was produced diffused out through
the medium so rapidly that the color changes were spread over
comparatively large areas. Besides tending to make the changes
less intense, this diffusion made it difficult to tell which of
the colonies were causing the changes. To avoid difficulty due
to the rapid diffusion it was necessary to limit the numbers of
cqlonies pexr plate so they would be well isclated. Thie was
done but where only a few colonies were present invariably all
appeared alike and all showed evidence of acid production.
This is as wbuld be expected because 8. lactls ordinarily out-
numbers the associated organisms in butter cultures and in
amounts of culture small enough to allow well isolated colonies
when plated the associated organisme were likely diluted out.
Another factor to be considered in connection with the method
is the small differences in the amounte of scid produced by
S. lactis and by certain of the associated organisms. There is
no definite dividing line between these two types as regards
acid production and differentiation on this basis would be cer-
tain to cause confusion at times, The results indicate that
the production of acid by colonies on beef infusion agar, to
which indicator has been added, cannot be used as a basis for
determining the numbers of each of the two types of organisms

preeent in butter cultures.
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Attempts to detegt the presence of the associated organiama by

the aroma produced in litmus milk,

Attempts to determine the numbers of the two typees of organ-
isms in butteﬁ cultures were made by lnoculating varying amounts
of butter cultures into litmus milk and using the aroma produced
as an index to the presence of the associated organisms and co-
agulation, or, in some cases, reduction as an index to the pre-
sence of 8. lactis. Sterile water blanks were used and dilutions
of 1/1,000,000, 1/10,000,000, 1/100,000,000 and 1/1,000,000,000
prepared; from each of these 1.0, 0.75, 0.50 and 0.25 cubic
centimeter portiona were measured into test tubes containing
litous milk. In this way, for each butter oculture examined,

16 tubes of litmus milk were inoculated with amounts varying
from 1/1,000,000 to 1/4,000,000,000 of one cubic centimeter.
These were incubated at room temperature and after coagulation
each tube was examined for butter culture aroma. Those that did
not coagulate were examined after five days. It was thought
that by determining the smallest amount of butter culture which
produced the changes characteristic of each of the two types of
organisms, when inoculated into 1iitmus milk, the approximste
numbers of each type could be caloulated.

Nineteen butter cultures of varying qualities were studled.
Representative results on seven of these are given in Table I.

The data show considerable irregularlty particularly as

regards the presence of the associated organisms. In some runs
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the aroma produced indicated that these organisms were not pre-
sent in the lower dilutions but were present in soﬁe of the
higher dilutions. This may have been the result of uneven dis-
tribution of the two types of organisms in butter cultures. It
would not be expected that the two types are so evenly distri-
buted in butter cultures that all portioms would contain equal
proportions of each of the two types. The absence of the essooci-
ated organisms in 1/1,000,000 of one cubic centimeter of butter
culture dogs not mean ;hat they are absent in all the other di-
lutions pf the culture and it is quite possible that smaller
portions would contain them. The aroma produced in the litmus
milk 1nocu1gted with dilutions from butter cultures was not
pronounced and in many cases the presence of the butter culture
aroma was questionable. The small amount of milk (about eighst
cubic centimeters) used in each trial was probzbly a factor
responsible for the indefiniteness of the aroma produced. The
heated odor due to sterilization of the milk also interfered.
The lack of a definite aroma was probably responsible for some
of the irreguiarities in. the results secured.

More definite results were obtained concerning the numbers
of 5. lactis present. The data show that this organism was.
present in 1/300,000,000 of one cubic centimeter portions of
each of the butter cultures examined and in 1/4,000,000,000 of
‘one cubic centimeter portions of some of the butter cultures

examined. This indicates that 8, lactis is usually present in
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butter cultures in larger numbers then is the associated organism.
The results show that the numbers of each of the two types
of organiams present in butter cultures cannot be satisfactorily
determined by inoculating varying amounts of butter culture into
litmus milk and after incubation at 21°C. examining the 1itmus

milk for aroma and coagulation.

Deteotion of the presence of the asgsociated organisms in butter
gultures by determining the volatile acidity produced in milik.

It was evident after the fallure to determine satisfactorily

the presence of associated organisms in butter culture by observ-
ing the aroma in litmus milk that a method which would measure
the products of growth of these organisms more accurately would
be necessary. This suggested the determination of the amount of
volatlile acid produced.

In studies where the production of volatile acidity was
used as an index to the presence of the associated organisms,
inoculations of varying amounts of each butter culture examined
were made into a series of flasks containing 300 cubic centi-
meters of sterile milk., The amounts inoculated varied from one
cubic centimeter to 1/1,000,000,000 of one cubic centimeter;
those smaller than one cubic centimeter were measured with the
ald of sterile water blanks. Dilutione over this entire range
were not made on each butter culture examined because the asroma
of some indicated that the higher dilutions would not be needed.

Incubation was at room temperature for seven days in order to
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permlit the production of a maximum amount of volatile acidity.
After incubation the cultures were examined for coagulation and
then distilled using the method consisting of the distillation
of 50 grams of milk culture with steam and the titration of the
first and second ten cubio cenfimeter fractions of the distil-
late., VWhen more than six-tenths of one cublc centimeter of
twentieth-normal sodium hgdroxide were required to neutralize
the volatile acid in the distillate it was considered that
associated organisms were present,

Table II, shows results secured on 32 butter cultures
that were of satisfactory quality. The date were collected over
a period of three and one-half years, studies being made during
each of the seasons to determine whether factors associated with
the different seasons affected the growth relationships of the
two types of organisme., The approximate numbers of each type,
as determined by the smallest amount of butter culture which
produced a high volatile acidity and coagulation when inccu-
lated into sterile milk, are shown. The numbers with fat
least® before them show that the organisms concerned were pre-
sent in the highest dilution made and that accordingly the
numbers present might have been still higher. The approximate
numbers of associated orgenisms per cubic centimeter varied
from 10,000 to at least 100,000,000 with 53 per cent of the
butter oultures conteining 10,000,000 or more. The numbers of

S. lactis per cubic centimeter varied from 1,000,000 to at

PR - YW



- -Table IT.

Approxﬁmate mumbers of assoclated organlisms
and S. lactis in satisfactory butter cultures
as Indiea: ¥y volatile acid production and
coagulation in sterils milk inoculated with

varying quanblties. :

Datejor in-

Examination s ¢ Approx. no, of H Approx. no. of s. Approxgratia
number $ oculation ¢ @880C. OPg. DT : 1aetls per c.e. of mss0Cc. Orge.
4 % CeCo g .to S. laectis
— X 2 18~ B-27 T - 10,666::;?. Ieast 2000, OOk 3
2 t 12« 7=27 ‘% 100 000%" 10;0005000: 1:100
3 s 12~ 8-27 3 .:190,000:" T 1004,000,000; 1:1000°
4 : 1221327 3 3000,000:" " 10,000,000: 1:10
5 t 3-27-28 ] 10”000;000:“ " 10,000,000: 1:1
6 3 32728 H 10,000,0003" b 10,000,000 1:1.
4 t 4= 4.28 3 \ 10,000,000: - 10,000,000: 1:1
8 t 4-11-28 H 10,000,000:" " 100,000,000: 1:10
-9 3 4-13-.28 3 50 000 #0002 " " 100,000,000: 1:2
10 1 4-18.28 : 5o,ooo ooo:" " 100, ooo,ooo: 1:2
11 1 5«25«28 H 100,000- " 100 000,000 1:1000
12 < 5"25"‘28 s 100 ,.000 H n 100 ,000,000 s 1:1000
13 t 1016428 H 100,0003" " 100,000,000: 1:1000
14 t 10-16.28 s 100 ,000:" " 100,000,000 1:1000
15 t 12« 428 . 3 1,000 0002 1,000,000 1:1
16 "t 3«16+29 © 3 1,000 ooo-at 1east 100,000,000 1:100
17 1 3=16=29 3 1,000,000' 100,000,000 1:100
18 t 3-21-29 s 1,000,000:" " 100,000,000: 1:100
19 : 3=25-29 t 10,000,000:" " 100,000,000: 1:10
20 : 5=21.30 sat least 100,000,000' ¥ 100,000,000: 131
21 t Be21<30 : - 1,000,000: ® e 100,000,000: 1:1060
22 1 6=13-86 >0 10,000,000: "  100,000,000: 1:10
23 t 6-30-30 3 1,000,000z " " 100,000,000: 1:100
24 s %-14-30 H 10,000: " n 100,000,000: 1:10,000
25 3 B« 2-30 1 10, 000 0003 " " 100,000,000: 1:10
26 t 9«16«30 3 10 000 000: " b 100,000,000t  1:10
27 s 10+ 7430 ] 100 006,000' " 1,000,000,000: 1:10
28 : 1113430 tat least 100,000 000: " n %300, 000,000 1:1
29 t 12=16«30 3 10,000, 2000z 100, 000,000 1:10
30 : le 8=31 s 10,000,000:at least 100,000,000: 1:10 .
S1 1 1«14<31 ¢ 10,000,000: " " 1,000,000,000: 1:100
32 s 1-14-31 3 10,000,000: " " 1,000,000,000: 13100
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least 1,000,000,000 with 78 per cent of the butter cultures con-~
taining 100,000,000 or more. The approximete ratios of the
assoclated organismg to 8. lactis varied from 1:1 to 1:10,000.

The data on satisfactory butter cultures show many varia-
tions in the numbers of each of the two types of organisms as
well as in thelr ratios. It is possible'that uneven distribu-
tion of the two types of organisms in the butter cultures
caused some of the variations although one cublioc centimeter
samples were always used for preparing the dilutions and it
would be expected that samples of this size would be representa-
tive. There was no relationship between the time of the year
and the variations in the numbers of the two types of organisms
or in their ratios.

Data, comparable to those secured on satisfactory butter
cultures and reported in Table II, were secured on 17 butter
cultures which were not satisfactory and are presented in
Table II1. The unsatisfactory butter cultures examined were
for the most part new cultures which were lacking in flavor
although cultures that were not new but were unsatisfactory were
also examined. The data were collected over a period of two
years and represent results secured at different seasons of the
year. The numbers of associated organisms per cubic centimeter
varied from 100 to at least 100,000,000 with 33 per cent of the
butter cultures containing 10,000,000 or more while the numbers

of 8. lactis per cubic centimeter varied from 1,000,000 to at
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~ Table III,

Approximaté numbers of organ
types present in butter cult
not satisfactory

examina- : date o?winoc.. approx., no, or 3

approx. no., of S. POTO:

i a
tion no. { assoc. org. per: 1lactis per c.c. ¢ of as:
: : CeCo : : to S,
1 : 5‘;52-28 : 100,000 T et least 50,000,000 ¢ L1:500
2 $ 4= 628 ° s 10 000,000 : ! " 10 000 000 : 1:1
3 t10-12-28 H 100 s " " 100 OOO 000 : 1:1,0(
4 3101228 t 100 s ¥ " 100, ooo,ooo s 1:1,0(
6 112« 728 : 100,000 ¢ ¥ " 1,000,000 : 1:10
6 112-13-28 : 10 000 s " " 100 000 000 : 1:10,¢(
7 $12-13-28 ] 10 000 s " " 300, 000,000 + 1:10,(
8 $12-15-28 t 10 000 : " b 1 000,000 : 1:100
9 112-22-28 : 10, 000 : " " 100,0005000 : 1:10,(
10 112-22-28 s 10 000 : 7" " 100,000,000 ¢ 1:10,¢(
11 112-20-28 s 10;000 s M " 100 OO0,000 s 1:10,¢C
1g s 3-28-29 H 1,000,000 s " 100 000,000 ¢ 1:100
13 3 5«28«29 g 1,000,000 g ° " 100 OOO 000 ¢ 1:100
14 3 6-12-29 H 100,000 000 : " “ 100 000 000 ¢ 1:1
15 t 6-12-29 ¢ 100,000,000 s " " 100 000 000 ¢ 1:1
18 ¢ 9= 2-29 H 10 000 s " " 100 000 000 ¢ 1:10,C
17 : 3-25-30 : 10,000,000 s " " 100,000,000 ¢ 1:10
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~ Table III,

pproximaté nnmbers'of,organisms of the two
yres present in butter cultures that were
not satisfactory.

approx. no, of J. ¢ approx, ratio :
lactis per c.c. ¢ of assoc, org.: remarks
¢ to 8., lactis
E Teast 50,000,000 ¢ 1:500 . ] Iacfing In TTavor
" 10 000 000 : 1l:1 ¢ very slow to coagulate
" 100 000 000 3 1:1,000,000 3 lacking in flavor
" 100,000,000 : 1:1,000,000 " v
" 1 000 000 : 1:10 : " v '
" 100 000 000 : 1:10,000 : a new culture, lacking in flavor
" 100,000,000 : 1:10,000 g o " T on
“ 1 ooo 000 : 1:100 : " " " " "
" 1oo;ooo,ooo : 1:10,000 g oo " nooon
" 100,000,000 : 1:10,000 g " " " " " "
" 100,000,000 3 1:10,000 s "o" n morw
" 100 OOO 000 ¢ 1:100 ¢ slow to coagulate and lacking in flavor
" 100,000,000 ; 1:100 s " " " " " "
o 100 000 000 ¢ 1:1 : a new culture, slow to coagulate
" 100,000,000 : 1:1 ¢ " S "
¥ 100,000,000 ¢ 1:10,000 : a new culture, lacking in flavor
" 100,000,000 : 1:10 ¢ lacking in flavor
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least IO0,000,000 with 77 per cent of the butter cultures con-
taining 100,000,000 or more. The approximate ratios of the
associated orgenisms to the 8. lactis varied from 1:1 to 1:
1,000,000 being 1:10,000 or greater in 47 per cent of the runs.

The data on the uneatisfactory butter cultures show that
there were wide variations in the numbers and also in the ratios
of the two types of orgenisms. There was a general correlation
between large numbers of associated organisms in butter cultures
and slow coagulation. There was also a general correlation
betweeh a wide ratio of the numbers of zesociated organisms to
the numbers of $. lactis present in butter cultures and lack of
flavor.

A comparison of the ratios of the two types of organisms
in the satisfactory butter cultures and in the unsatisfactory
butter cultures is shown in Table IV. The ratio of the numbers
of associated organisme to the numbers of S. lactis was less
than 1:10,000 in 97 per cent of the 32 satisfactory butter
cultures examined while it was less than 1:10,000 in only 53
per cent of the 17 unsatisfactory butter cultures examined.
Data given in Tables II. and III., however, show that there
is no constant relationship between the quality of butter
cultures and the ratic of the associated organisms to 8. lactis
because both low and high ratios are found in gatisfactory as

well as unsatisfaotory butter cultures.



Table 1IV.

Summary of the data shown in:
Tables II and IIX.

g s H T 3
tquality of ino., ofgper cent of butter culturesgper cent of butter cultures:
tbutter ttrialstwith ratios of assoc, org. swith ratios of assoc. org. :
tcultures H tto S. lactis less than tto 8., lactis 1:10,000 or :
s s : 1:T0,000 T more 3
2 $ g 3 H
: : 3 : :
tsatisfactory : 32 : 97 s 3 :
$ : H : H
tunsatisfactory: 17 : 53 : 47 e

*
*




Studies on Combining Different Proportions
of the Two Types of Organisms in the Devel-
ment of Butter Cultures.

The relationship between the proportions of the two types of
organisms present when the combinations were prepared and the
volatile acidity produced.

since the associated organisme are largely responsible for

the production of volatile acidity in butter cultures, it is
reasonable to suppose that the amounts of volatile acid produced
would be in direct proportion to the numbers of the associated
organisms present. The development of butter cultures by com-
bining the two types of organiams often fails because of lack
of butter culture flavor. This suggests that in these cases
the associated organisms are not growing. ¥%ith this in mind
studies were.made to determine whether or not there was a re-
lationship between the proportions of the two types of organ-~
isms present at the time of combining and the volatile acidity
produced in mixtures.

In studying the effect of variations in the proportions
of the two types at the time of preparing the combinations on
the amount of volatile acidity produced, inoculations of both
types were made into series of flasks, each flask containing
300 cubic ceﬁtimeters of sterile milk. Fourteen series of com-
binations were made in 13 of which the inoculations of the
associated organisms were constant and the inoculations of
8. lactis were varied. In one series (2) the inoculations of

8. lactis were constant while the inoculations of the associated
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organisms were varied. The cultures from which inocula were
taken were in milk and the 8. lactis cultures contained more
organisms per cubic centimeter than did the sassociated organ-
lsms. Tiis did not allow the calculation on the basis of the
amounts of inoculum added, of the actual proportions of the
two types present at the time of combining but did permit come
parisons to be made as described. In eech series pure culture
checks of each the associated organisms and S. lactig were
prepared. Incubation was at room temperature for seven days,
after which the cultures were examined for coegulation and
theﬂ distilled using the method consisting of the distillztion
of 50 grams of milk culture with steam and the titration of
the first and second ten cubic ceantimeter fractions of the
distillate. The results secured are shown in Table V.

In eight of the 14 series the amounts of volatile aclidity
produced in the different mixtures definitely increased as the
proportion of associated organisme added inoreased. This rela-
tionship was not constant, however, for in some series the mix~
ture containing the highest proportion of assocliated organisms
when prepared did not produce the highest volatile scidity. 1In
'six of the series the amounts of volatile acidity produced in
the different mixtures did not definitely increase as the pro-
portion of associsted organisms added increased.

These variations cannot be correlated with the cultures

used in preparing the mixtures because the results from similar



Table V.
The effect of varying the proportions of the

two types of organisms at the time of combin-

ing them on the volatile acidity. Incubation
seven dsys at room temperature.

>
.

(1]

CeCo ot milk culture added -

: :
series H tcoagulation: volatile acidities
o H , : S 2 after 7 days
t S, lactis : assoc., org. H H .
H : - - . B 3
series 1 H 100,000 - + «95
| 1 1/500,000 " - 1.40
S. lactis 1 ¢ 1,000,000 g + 1.70
' . t S 10 ooo 000 e + 1.60
assoc. org., 1 ¢ 1 100,000,000 Q" + 1.80
’ S H none - » - 1.80
¢ 10,000 ‘none + <)
. . : 1/10#65b , 10,000 * S0
H - 100 000 + «30
series 2 g " 1/500.000 & «30
B : 2 " 1,000,000 + 30
S, lactis 1 H " 10 000 000 + «28
- : " 100,000,000 + _ «20
assoc. org. 1 : " none + «20
: .3 __none 1/10, 000 - 1.55
- 3 10,000 1/16,T00 + 25
series 3 .8 100 000 . - «95
S s 1/500, 000 " + -40
8., lactis X : 1,000,000 ' " + 1.686
' . H 10, 000,000 " + 1,60
assoc. org. 1 @ 100,000,000 : . i.45
. L. - «35
: 1/10,000 _nons + 35
: 0,000 1710,T00 + 1.45
aeries 4 H 100 000 : + 1.60
. s 1/500, 000 " + 1,40
s. 1actis b R 1,000,000 " o+ 1.60
f o s 1 10,000,000 " + 1,70
assoc. Org. 2 100,000,000 n + 1.25
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Pable V. (Continued)

*w

t c.c, of milk culture added s . R
series s , scoagulation: volatile aciditiles
: B : _ : after 7 days
: S. lactis $ assoc. org. H i : -
_ : 17100 -1/ 10,000 ry <25
series 8 H 1/10,000 + «25
S 100,000 " + «30
S. lactis 1 . : 1,000,000 " + «25
_ _ ¥ | 10,000,000 n + «25
assoc, org. 3 : 1/100,000,000 " + 25
: one " - 1.55
10,000 none + +25
. 3 17100 1/106000 + 2D
series 9 H 10,000 + «40
] 1/100,000 b + 1.80
S, lactis 2 3 1,000,000 " + 1.65
. -3 10,000,000 Y + 1.55
assoc. org. 5 : 1/100,000,000 " + 1.50
: one " + 1.45
s 10,000 none + «35
: ) 1/10'.;666‘ + o
series 10 : + 1/10,000 + «30
H 100,000 " + «35
S. lactis 2  : 1,000,000 " + <45
_ 10,000,000 n 4 <40
assoc. org. 1 s 1/100,000,000 " + 45
: one " “ 1.65
s 10,000 none + 45
. 2 , ~ 1710, 000 + oS0
series 11 $ 10,000 + «20
: /100,000 " + .40
S. lactis 2 1,000,000 " * 75
. s 1/10,000,000 " + 1.20
assoc. org. 4 : 1/100,000,000 " + 1.35
3 . none "
3 '1/10,000 one + 255
R s I’IUU "I7§U§Uﬁo + o0 (B)¥
series 12 : 10,000 + 40
: 100,000 " + .40
S. lactis 2 : 1,000,000 " + -35

s /A AnA ann







e "none ' " X 1:;2
.2 1710 000 none -+ «45
) : A , 1/10"006 * <30
series 11 H 1/10,000 + «20
: /100,000 " + 40
S. lactis 2 1,000,000 " + «75
) : 1/10,000,000 " + 1.20
8880C. Or'g. 4 3 100’000'000 * + 1.35
s " none ' "
3 '1/10,000 one + «55
- H L + U (8,3
series 12 H 10,000 ﬁ + +40
t 3 100,000 " + «40
S. lactis 2 H , 1.000'000 " + «35
H 10,000,000 " + «45
assoc. Org. 1 : 00, 000,000 v + «85 (9)
: none " - <70
2 1/10,000 _none + .40
: ];"IO'O 1710,000 + 20
series 13 H 10,000 * «40
s 100,000 " + «80 (10)
S. lactis 3 3 1,000,000 " - 1.656
—_— : 10,000,000 " + 1.65
assoc, org. 6 : 1/100,000,000 : * 1.95 (11)
$ none : - 1.45
: 1/10,000 none + «50
] : . + T e 00
geries 14 3 10, 000 f + .40
: 100,000 " + <40
S. lactis 4 : 1,000,000 n + «40
] 10,000,000 " & +80
assoc., org. 6 : 1/100,000,000 : + i.gg (18)
3 none - P
: 1/10,000 none + «55

*Numbers in parentheses refer to butter cultures
as shown 4n Table VIII,
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combinations varied; for example, in series 2 %S, lactis l"and
*aggociated organism 1" were used and the volatile acidities
were all low while in series 1 and 3 high volatile acidities
were produced with the same cultures. In series 1 and 4 high
volatile acidities were obtained in the mixtures containing
equal amounts of inoculum of each of the two types of organ-
isms. This amounted to an excess of 8. lactis and indicates
that under some conditions the associated organisms grow well
even when added in the minority at the time of preparing the
mixtures.

The aroma of each mixture was obssrved just before distil-

lation and while in most instances when a high volatile acidity

. was produced it could be deteocted, the aroma was in no case

g8imilar to that produced by a satisfactory butter culture.
This may have been due in part to the long time that the mixtures
were ripened and also to the sterlilized milk which wae used.

The data show that adding the associated organisms in large
numbers at the time of combining the two types tends to increase
the amount of volatile acid that will be produced as determined
after seven days. This relationship was not constant, however,
Snd the mixture containing the bhighest proportions of associa-
ted organisms in each series at the time of preparation did not

always produce the highest volatile acidity.

ik .
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The relationship between the proportions of the two_ tyves of
ofganisms present when the combinations were prepared and the
time required for the production of a bigh volatiles acidity.

In developing new butter cultures a lazck of flavor and
aroma is common due prespmably in part to the fallure of the
growth of the associated organisms. The usual procedure in
starting new combinations of the two types of organisme is to
inoculate the assocliated organism into a tube of sterile milk
and after about 24 hours incubation at 219¢. to inoculate
8. lactis. The delay in inoculating 8. lactig is to give the
associated organism a chance to grow so it will not be inhi-
bited by the development of acid to the extent of losing its
influence in the production of flavor and aroma. The data
given in Table V. show the amount of volatile acid produced
after seven days. It is desirable to know how long a time
is required for the production of a high volatile acidity
because when developing new butter cultures this information
would be useful in arranging the time between the initial com-
bining of the organisms and the beginning of the regular trans-
fers. This information would be useful also in determining
"when regular transfers of butter cultures are satisfactorily
ripened. Accordingly combinations of the two types of organ-
ismg similar to those described in Table V. were prepared in
quadruplicate so determinations could be run after one, two,
four and seven days respectively. The results secured are

shown in Table VI.



" Table VI,

The effect of varying the proportions of the two
types of orgenisms at the time of combining them
on the rate of volatile acid production. Incuba-
. tion at room temperature.

Cec. Of milk culture added volatile scidities

86 90 00 99

-ge-

series - %
: 3 : : :
: S, lactis : assoc. Oorgs. H ;rter: grter ::rg:r =;fter
3 s H daiz s s ¢%7 da
— T /100 1/10 3000 .Sggj - .Sbg
series 1 s 10,000 «36 -40 40 «55
H 100,000 bl «30 «40 «65 1.80
S. lactis 6 : 1,000,000 " «30 +85 1.60 210
’ - : 10.000,000 " .40 1000 1085 1-95
as8oc. org. 63 00,000,000 " 30 1.30 1.90 2.00
: none T .30 1.50 1.85 2,15
: 1/10,000 none «30 +55 55
—— 1i1xRr-'-"*-zrxu;uua“':su"—-rrzs Y50 T.50
- series 2 H 10,000 20 1.65 2,10 2.2b
4 100’ " '015 1.60 2.10 2.15
S. lactis 7 3 1 000,000 " «20 1.30 2.20 2.05
B 2 10 000.000 " 30 «95 2.15 2.,15(21)+
ass0c, Org. 6% - 100,000.000 " «256 485 T 2426 2,05
- none " ' «80 T 2,30 2.10
: - 1/10,000 none .15 «40 45 «50
- L Ij IGU - n IU&U 00 ¢30 200 - ‘ -
series 3 - 10,000 25 30 1,15 1.55
: 100,000 " «20 +75 1.55 1.70
S. lactis 9 1, 000 000 " «20 1,00 1.50 1.65
Bl s 10 000 000 " « 75 1.80 1.65
assoc. org. 62 1 100, 000,000 " ’ 1.10 1,60(23) 1.65(29)
3 " «30 1.15 T 1,85 1.70
s 1/10-000 none <35 «35
- H 1} :UU I; IUGOUU -30 930 Pe1s] a0
series 4 8 1y10 000 «30 20 «45 - «80
NIV S N R S
« lactis s 0 . - ] . . .
‘ e 10,000,000 n - 80 1.85 2.15
assoe, org. 6: 1/100,000,000 " 1.05 T 1.90(27) 1.95(31)
g nome - n «60 " 1.10 1,656







3 10, one .18 «40 45 ¢ W50
e e $ . QO ) =kU <60 1126!281
series 3 $ . » " . .:‘;g %.%5 1 i;ss
o : » F . . «HO «70
S. lactis 9 : .#000,( " - 1,00 1.50 1.65
- : 5000, " . <75 1.80 1.65
/880C, Orge 62 ; " 1,10 1-60(25) 1s65(29’
R "3 none - " 30 1.15 1.85 1.70
: 1/10,000 none «35 i : 1§5
T 3 1/I0,000 .30 <30 T30 30
series 4 : 10,080 . 3_ .gO» .ig .45 .gg
S. lactis 4 : - 1/1,000,000 " 30 .45 1.30 1.90
B s 0,000,000 - - +80 1.85 2.15
assoc, org. 63 ° oo:ooo,ooo " 1.05 1.90(27)  1.95(31)
'R none n «60 1.10 1.65
g 1/10, 000 » 40 45 #5850
s 1/ 319 - 10 .9 T
series § : - h 10,000 .15 .75 2,00 2.06
: " 100,000 .20 .55 2.05(32) 2.06
S. lactis 7 ¢ " 1,000,000 .15 25 1.70 1.75
—— 1 o 10,000,000° .20 «25 1.85 1.75
assoc, org. 6 " 100,000,000 .15 +20 «40 1.560
: : » none «15 25 «35 «40
: none - 1/10,000 .15 +45 1,15 1.55
) : 1/10‘000 , .14} 1.80 1.50
series 6 't 10,000 .25 1.80 1.80
: L. 1/100,000 .25 1.40 1.70
S. lactis 4 : - " 1,000,000 .25 «60 &70
——— : " 1/10,000,000 .25 <45 .45
8g880C. OYrg. 62 " 1 100,000’ 000 «S0 «45 +45
4 s " none .20 -50 «55
: none '1/10,000 .20 1.%3" - 1.80
" T ‘ 1710000 50 1.30° 1.80
serdes 7 3 /10,000 & .20 1.65  2.05
3 100,000 " 20 1.7 C1.75
S. 1&01:5.8 8 ': 1 000,000 :: 020 1080 1095
- : 10,000,000 .20 1.80 2.00
assoc. org. 6: 100,000,000 n «20 1.95 2.15
H ’ one b 020 1,10 2,05
H IQ,LOOO none +»20 «45 +«50

#Rumbers in parentheses refer to butter cultures

as shown in Table VIII.
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After the first day no high volatile acidities were se-
cured. After the second day there were inoreases in the vola-
tile acldity with most of the mixtures, howsver, in only two
of the 30 mixtures were the amounts as high as those normally
produced in satisfactory butter ocultures.*

After four days the volatile acidities Becured were gen-
erally comparatively high and in many of the mixtures amounts
comparable to those present in satisfactory butter cultures
were obtained. Aftor seven daye there wae a further incresase
in the volatile aoldities in many of the mixtures although in
some the maximum was resched after four days.

The data show that, although there was considerable vari-
ation in the different series, in general the time required
for the producticn of a high volatile acidity decreased as the
ﬁroportions of the assocliated organiems present in the combina-
tions when prepared inoraased.

Table VII. summaerizes the data presented in Table VI.
and shows that on the averasge the volatile acidities increesed
more rapidly and reached e higher maximum in the combinations
containing the higher proportions of associated organisms.

The amounts of volatile acid produced by the pure cul-
tures of aseociated organisws were, on the average, higher
than the amounte produced by all of the mixtures but were not

*The amcunts of volatile acid normally pro-
duced in satiafactory butter cultures varlas

from 1.6 to 3.2 as determined by the method
used after seven days incubation.



Table VII.

of date presented in table VI, A comparison
of the average volatile acidities produced by mix-
tures and by pure cultures of assoclated organlisms
after different incubation periods.

tImes . average volatile acldities :
of tTall mixtures : mixtures ol each series :mixtures ol each series :a380C.
holding = : containing the lowest scontaining the highest  :org.

_ H ¢ _percentage of assoc. org.:percentage of asssoc, org.ialone
1 day ¢ «25 : «26 4 23 $ 22 &
2 days ¢ «6%7 3 45 : «94 : .80 ©
4 days ': 1,31 : .68 : 1.71 21,33 y

H 1.45 : «96 s 1.65 :1.656

7 days

{
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as high as ths amounts produced by the mixtures containing the
higaest proportions of assocoiated organisms. Presumably 8.
jagtis has a restraining action on the associated organisms
espeoially in combinations when the associated organisms are

not in the majority.

The selection of ocombinations of the two typee of orgenisms on

the 8 of their abilitvy ¢ oduge high volatile acidity,
T 1 in the development of butter tures. .

In order to compare the ability of mixtures of the two
types of organisme to produce high volatile acidities with
their ability to produce satisfactory butter cultures, thirteen
of the mixtures® used in securing the data reported in Tables
V. and VI, were Beléoted and trapsfers from each mede to milk
pasteurizad at a temperature of 85%0. or higher for 30 minutes.
The volatile acidities of the mixtures at the time the trans-
fers were made to pastesurized milk veried from 0.30 to 2.15
'hich are comparatively low and bigh values rsespectively. The
aroma of the mixtures which was noted at the time the transfers
vere made to the pasteurized milk wes in no instance similsr to
. to that of a satisfactory butter oculture. Each of the mixtures
selected was carried through a series of transfers in pasteur-
ized milk and the quality of each transfer gtudiad. The re-
sults are shown in Table VIII,

Although nine of the thirteen mixtures used had produced
volatile aciditiss in amounts comparable to the amounts normally

*The mixtures used are designated in Tables V.
and V1.



Table VIII.

Relationship detween the ability of mixtures

of the two

types of organisms to produce high

volatile acidities and their ability to pro-

duce satisfactory dbutter cultures.

s
butter CeCe Of milk culture svolatile acidity :
ocultures added to mixtures 1at time of trans-: quality of dutter
numbers: 3 tferring to pas- cultures
tassoc, org.:t S. lactis tteurized milk H .
L $ H H
8 1/10,000 1/100 «30 not good
9 1/10,000 1/100, 000,000 «85 not good
10 1/10,000 1/100, 000 «80 not good
11 1/10,000 1/100,000,000 1.95 not good
18 1/10,000 1/100, 000,000 1.40 fair in first transfer dut
not in later transfers
21 1/10,000 1/10,000,000 2.15 not good
23 1/10,000 1/100,000, 000 1.80 not good
27 1/10,000 1/100,000,000 1.90 not good
28 1/10,000 1/100 1.20 not good
29 1/10,000 1/100,000,000 1.65 not good
30 1/100 1/10,000 98 not good
31 /10,000 1/100, 000,000 1.95 not good
32 1/10,000 2.08 fair in first Sransfer but

1/3.00,000

not in later transfers

-oy=
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produced by satisfactory butter ocultures, no satisfactory butter
cultures were obtained. Two of the mixtures (8 and 32) pro-
duced some flavor and aroms in the first transfer but not in
subsequent tranefers.

The results indicate that the adility of ocombinations of
assoolated organisms and S. lactis to produce high volatile
acldities is not a satiefactory basis on which to select them

for use in butter cultures.

uge of freehly isolated cultureg of 2, ;ac is for gombinigg
1: nie ganigmg in the development of new butter o

The failure of many mixtures of an sssociated organism
and 8. lactis to produce desirable butter cultures may be due
15 part to differences which exist between individual cultures.
Different varieties of S, lsotie have been described and un-
doubtedly thers are variationes that are pnot understood thet are
importsnt from the standpoint of the flavor and aroma produced
when a culture of S. lactig is combined with an associated
organism. Variations are also known to exist between cultures
of the associated organisms but have not been studied from the
angle of their influence on the development of flavor and aroma.

When new combinations of the assocliated organlems end .
lactis are prepared the cultures of sach type used are usually
those that have been maintained as pure cultures for some time,
The freguency of butter culture flavor and aroma in milk and

cream souring under natural conditions indicates that organiams
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of the desired types are commonly present in milk and cream in
considerable numbers and that isolation of satisfactory cultures
of each type should be comparatively easy. The failure of many
mixtures of the two tywes to produce satisfactory butter cul-
tures suggests the possibility that certein cultures of the as-
soclated orgsniems or H. loctis may undergo changes, when
cerried in the laboratory ae pure cultures, tbat influence their
usefulness in butter‘culturee.

Experiments were carried out in which freshly isolated
cultures of 8, lactis were used in combination with aseocisted
organisms in an attempt to develop new butter oultures. Twenty
cultures of 3. lacgtis and eight cultures of asscciated organ-
ieme were used, Freshly iesolated ocultures of associated organe-
isms were not used bscasuse the time required for their 1dentifi-
cation would make it necessary to carry them ia pure culfures
for seversl days before using them in mixtures. The cultures of
S. lactis used were obtained for the most part by plating sour
oream that had a butter culture sroms while in some instances
they were obtained by plating butter oultures. Yhey zgar wsse
the plating medium and, after incubation of the plates, colo-
nies were picked into litmus milk, The cultures which rapidly
reduced the litmus were exaxmined by staining; 1f the morphology
was charaoteristic of 2, lactis, transfers were immediately
made to young litmus milk cultures of assoclated orgenisms,

Forty-~two mixtures were prepared and, as scon as coagulstion

-l

A
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ocourred, were trausferred to milk that had been heated 10 at
leest 86°C. for 30 minutes and cooled to 319C. Incubstion was
at 21°c. Subsequent transfers were then made as regularly as
coagulation ocourred each transfer being examined for flavor
and aroma until it was known whather or not satisfactory butter
cultures could be produced., FEight of the 8. lactis cultures
were éarried as pure cultures for two months and were then
sgain combined with the associsted organisms that they had been
combined with immediately after isolation. These mixtures were
also run through a seriss of transflers to determine whether or
not satisfectory butter culturaé could ve produced. The results
obtained are shown in Table 11X, |

Twelve of the 42 combinations prepered using freshly iso-
lated E. lsotis produced some butter oculture flavor and aroma,
however, only one of these produced a satisfactory butter cul-
ture. Hine of the 16 comblnations prepared after two months
produced some butter culture flavor and aroma. In six of the
combinations better flavor and arome were produced in the mix-
tures conteining freshly isolated S, lactis while in two of the
combinations batter flavor and aroma were produced in the mix-
tures prepared after two months.

The results secured indicate that freshly isolated cul=-
tures of $., lactis had no advantage, over the sams cultures of
8. lactig that had been maintained for two months in pure

culture, for use in developing new butter cultures.



 Tuble IX.
The use of freshly isolated cultures of

8. lactis as compared to the use of old

68 of S. lactis for combining with

c

associated organisms.

of butter cultures obtained
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DNISCUSSIOR OF RESULTS FOR
' PART I.

Tae fallure to distinguish between the two typss of organ-
isms in butter culture by plating on agar to which indicator
bad been added was due to several factors. 8. lactig does not
grow well on agar and ths rate of acid production by the colo-
nies was 80 slow that diffusion of the acid tbrough the agar
took place almost as rapidly ae the acid wae produced so that
the colox changes ware not confined to the immediste location
of the colonies and were not distinct. Yhen the numbers of
caolonliea per plate waere small so that the cclor changes produced
by the individual colonies could be distinguished, the colonies
all appeared to have produced some scld. York done by Bammer
and Bailey (11) and by Hammer (10) show that 9, lactis is
usually present in greater mumbersz in buttér culturss than zre
the assoclated organeime and data presented in thies report
(Table III.) indicate that the ratio of the numbers of the
assoclated organisms to the numbers of 8. lactis may, in some
instances, be as high as 1:1,000,000. 1t is probable, there-
fore, that the associited organism would dbe diluted out in
plating amounte small enough to give only a few colonies on
agar; and that even though the colonies of the two types could
be differenticted by plating on agar to which indicator had
been added there would be many platings with only S, laoctis

it ——
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colonies present.

There is no definite dividing line on the basis of acid
production between the twe types Of organiems present in butter
cultures, Certaln of the associated organieme produce approxi-
mately as much acid as do some cultures of §. lzctis and, sltho
the rate is ordinarily slower, this further complicates dif-
ferentiation of the two types on thie basis.

The indistinctnéss of the aroma produced when varying
amounts of butier culture were inoculated inteo litmus milk was
undoubtedly due in part to the small amount of litmus milk used
for each trial and also to the Anterfersnoe of the odor casused
by eterilizatlion of the milk.

Thae amounts of volatile acid produced in portions of milk
which had been inoculated with small amounts of butter culture
were satisfactory as an index to the presence of an associated.
organism in the amounts of butter culture used. The coagulation
was also definite and the production of a high volatile acidity
and coagulation, in series of milk semples which had been inocu~
lated with varying amounts of buttar culture,.were used for
determining the approximate numbers of eaoh the aséociated
organlams and S, lactis present. The general correlation which
was found bstween high numbers of the agsocizted organism in
butter oculturss and slow coagulation is in sgreement with the
work of Hsmmer {10) who showed that associated organiems had

a restraining action on the growth of S, lactis especizlly in
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comblinations where the numbere of the amsocisted organism were
high. The generzl correlaticn between a wide ratio of the
numbers of ths sssocisted organism to the numbers of S. lactis
in butter culturee and a lack of f£lavor is also in agreement
with the work of Rammer (10) who found that the presence of
excessive amounts of lactic acid in wixturse prevented the
production of large amounts of volatile zcld by the associated
organisms. ZJlow coagulation and a leck of flavor are both
defects commonly found in butter cultures and they are undoubt=
edly caused by unnsual ratios bzstween the two types of orgen-
isms present.

The variations in the retios of the numbers of the assoocl~-
ated organism to the numbers of S, lactis in satisfactory as
wall as 11 unsatisfactory butter cultures indicate that factors
other than the relationships of the numbars of the two types of
organiemg are important in the procduction of a desirable flavor
and aroma. It is possible, of course, that some of the varia-
tions found were dus t0 unrepresentztive gamples of butter cunl-~
tures belng used in the preparation of the dilutions employed
for inoculation. %hile it is probable that the two types of
organisms are not evenly distributed in butter cultures it ie
not likely that uneven distribvutionn was an important fsctor
causing the variations obtained becauss one cubic centimeter
gamples of butter culture wsre plweys used sznd &t is ressonsble

to suppose thzt esanxples of thie size would be representative.
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The increase in the rate of volatile zcid production an
well as in the amount that was produced in from four to seven
days in mixtures containing a high proportion of the associa-
ted organism as compared to mixtures containing a low provore
tion of the associated organism shows the neceegsity ¢f having
large numbers of an associated organiem in butter culturss,
Butter cultures that lose flavor and aroma cuan be brought back
to normzl by over-rinening, which presumuably increzses the
proportion of associated organism present.
The lack of correlation betveen the ability of mixtures

of an associuted organism and 3, lactis to produce high volatile
aocldities in aterilized milk and their ability to produce satis-
factory butter cultures suggests that the production of a high
volatlile acldity is'only purt of the requirements for the dee
velopment of satiefactory butter cultures. This sugpests
furtiaer that the feilures of certain mixtures of an associated
oryanism and g. lactis to produce satisfactory butter cultures
are due to characters, of the orgenismas, which are not directly
concerned with the production of volatlle acidity. 1t sbould
be pointed oul, however, that the conditions existing in
sterilized milk held four to seven days at room temperature
and the conditions existing in butter cultures are guite dif-
ferent and 1t is probable th-~t mixtures could produce high
volatile aciditiee in the sterilized milk and yet could not
produée high volatile acidities under the conditions existing
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in regularly traunsferred butter cultures,

The failure of freshly isolated oultures of S, lactis to
be more useful than ols cultures of 8. lactis for combining
with assocluted organisms in developing nes butter cultures
indloates thet it is not the loss of some churacter or charac-
ters incident to carrying S, lactis in pure oultures that is
reszonsible for the frequent fallure of combinations of the
txo types of orpanisms to produce satisfzctory butter cultures.
Tils suggests also that the inherent characters of individual
culturee of §, lactie or of the associated organisme may be
izportant in deterziniang whether or not combinations of the two

types will produce satisfactory butter cultures.

CONCLUZIONS FOR PART 1.

1. The production of acid by coloniee on agar to which
indicator had been added could not be used satisfaotorily as
a bzsis for determining the numbers of each of the two types
of organisms present in butter oultures.

2. The production of aroma and coagulation in litmus
milk inoculated with varying amounts of butter culture could
not be used satisfactorily for determining the numbers of each
of the two types of organisas present in butter cultures.

3. The approximate nunbéra of the associzted organisms

and of 3, lactis ia butter cultures were satiafactorily deter-
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mined by inoculating series of flasks containing sterile milk
with varying amounts of buttar culture and determining the
seallest amount of butter culturs whioch produced 8 high vola-
tile moldity and ocoagulation respectively.

4. There were wide varlations in the numbere as well as
in the ratios of the two types of organiems in satisfactory and
also in unsatisfactory butter cultures.

S. Adding the associsted organisms in large numbers at
the time of combining the two types tended to increase the
amount of volatiles ecid produced as well as the rate of volatile
acid production.

‘6. The ability of combinstions of the assccieted organisms
and 8, lactis to produce high volatile acidities in sterilized
wilk in four to geven days was not a satiefactory basis on which
10 melect combinations for use in butter cultures.

7. Freshly isclated cultures of S, lzctis had no advane
tage, over the same cultures of S, lactis thet had been main-
tained for two montas in pure culture, for use in developing

new butter cultures,
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PART 11,

TEE CFFECT QF THE ADDITICH OF CALCIUM
CARBONATE TO MILK ON THY KFEPING QUALI-
TIES OF BUTTER CULTURES BADE FROHM IT.

EISTORICAL

The period that acid producing bacterie can be held in
milk cultures can be 1nereaéed‘by the addition of calcium car-
bonate to the milk before inoculation. This procedure is quite
satisfactory because the calcium oarbonate can be added in suf-
ficient quantities to neutralize all the aoid that will be
tormed and yet, beczuse of its ineolubility in milk, it will not
alter the reaction of the milk to the extent of interfering
-with the growth of the bmoteria.

A ﬁumber of investigators, Orls~Jemsen (17), Barthel (2)
Anderegg and Hammer (1) and Hammer and Patil {14), have added
calcium carbonate to milk in etudying the action of laotic
acid organiams on the proteins, The calcium carbonate was

added for the purpose of neutralizing the ascid as it was formed
&nd thus zllowing the organisme to grow longer than they other-

wige wduld.

Belonovsky (4) reported that the addition of calcium oar-

bonate to milk in rwhich Lactobaolllus bulgarious was grown pro-
longed the period the organism would remain alive at 359C.
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This investigator used amounts of calcium carbonate varying
from eight-tenths to ten per cent and found that when four per
cent or more was added to the milk the organisms remained alive
for four months.

It was pointed out by Orla-~Jensen (18) that lectic acid
bacteria could be preserved for several months in milk to which
calcium carbonate had been added, He did not use this method
extensively, however, because it required the use of relatively
large flasks so the contents could be shaken frequently to dis-
tribute the calcium carbonate. He tnought these conditions
favored contamination.

Barthel (3) reported that lactic acid bacteria could be
kept alive for nine years, without trensfer, in milk to which

chalk had been added.

METHODS USED

Some of the butter cultures used in the study of the effect
of adding calcium carbonate were prepared in pasteurized milk
while others were prepared in sterile wilk. When prepared in
pasteurized milk the procedure was as follows. Aporoximately
150 cubic centimeters of milk were put into each of a number of
six ounce small-mouth glass-stoppered bottles and to each of
one-~half of the bottles approximately two grame of precipitated
calcium carbonate were added. The bottles of milk were thnen

heated in a water bath to above 8590, for 30 minutes after which
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they were cooled to 21°C. by running cold water into the hot
water surrounding the bottles, When the butter cultures were
prepared in sterilized milk, erlenmeyer flasks were used instead
of glass—-stoppered bottles and 3.2 per cent of precipitated cal-
cium carbonate was added before sterilization. Zach of the
bottles of pasteurized milk agd flasks of sterilized milk was
inoculated with a butter culture and then incubated at 231°¢.
After incubation the butter cultures containing calcium car-
bonate were shaken thoroughly to insure its even distribution.
The butter cultures, both with and without added calcium car-~
bonate, were put into small béttles (capacity 235 cubic centi-~
metere) of the type used for sending butter cultures through
the mails, the bottles stoppered with sterile corks and then
sealed with sealing wax.

The temperatures of holding the bottled cultures varied
in different comparisons, room temperature, 21°9C. and 379°¢,
all being employed. Room temperature and 2310C., are mentioned
separately because the former varied considerably during some
of the holding periods. After the holding periode, each but-
ter culture was run through a series of transfers in pasteur-
ized milk and each transfer was examined for flavor and aroma
until it was determined whether or not satisfactory butter cul-
tures could be produced.

The designations of quality used are for the most part

self explanatory. Culturee classified as *good" were not all



~54~
equal in gualiiy but were considered to be very satiefactbry.
Those classified as "fair” either lacked eufficient flavor and
aroms or had a slight off flavor. Thesa probubly would heave
developed into satisfactory butter cultures if they had been
carried through more transfers., Those clessified as "poor" had
a small amount of flavor but not enough to be considered gatisg-
factory. While these might have‘improved on later transfers it
is uncertain that they would and butter cuitures of this type
could not be carried to advantage under practical conditions.
Those olassifled as "bad® had no butter culture flavor whatever
" and some failed to cosgulate even after saveral days. Nany
that coagulated very slowly showed, when sztained mounts were
mede, organisms other than the butter culture organisms, These
were usually gram positive rods and were presumably resistant

types that survived the pasteurization.

RESULTS OBTAIRED

The Effect of the Addition of Calcium
Carbonate on the Keeping Qualities of
Butter Cultures Held at Room Tempera-
ture.

In the studies on the effect of the addition of calcium
carbonate on the keeplng qualities of butter cultures, compari-
gons were made at room temperature between butter ocultures pre~
pared in milk with added caloium osrbonate and butter cultures

prepared in milk without added calcium carbonate. Room tempera-
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ture was used for holding beczuse under practical conditions
when cultures are held, as in shipping, this would be the
approximete temperature encountered, However, during some of
the holding periods the room tempsrature was guite high, being
above 3100, on a number of days. Date on the exzot number of
days in the holding periods were recorded but for convenience
in comparison only three grouns of holding‘perioda are reported.
The first, "five dayes or less", represents a length of time
comparsble to that which would elapse when cultures are sent
to plants by mall. The other two are longer and the third
group, "more than eleven days', includes some periods as long as
9° deys. Results obtained with eix different butter cultures
are presented in Table X.

In general the number of satisfaqtory butter oultures
which were obtalned from the msterisl held decreased as the
holding periods increased. ¥ith calcium carbonate added the
percentages of the trials resulting in *good" butter cultures
were 49, 43 and 33 when the holding psriods were "five days
or less", Ygix to eleven days™ and ®"more than eleven days*
resgpectively. If the trials that reeulted in satisfactory
("good* or "fair") buttser cultures are compared with the trials
that resulted in unsztisfaotory (*pooxr® or "bad") butter cul-
turea the differences in favor of ths shorter holding pericds
are still more pronouncad.

#itnout calcium carbonate the percentages of the triale
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Table X.

The effect of the addition of calcium carbons
on the keeping quality of butter cultures hel
at room temperature. .
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holding tno. of :
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resulting in "good" butter cultures were, 46, 34, end O when
the holdiang periods were "five days or less”, "six to sleven
days" and "more thzn eleveun days" respectively. Thie shows a
greater deterioration, on continued holding, in the cultures
witoout added calcium carbonate than in ths oultures with
added calclium carbonate. In some series of trials the keeping
qualities of all ths butter oultures ussd wsre definitely better
toan in otiker serlies of trials., This indicates that factors
which vary with different trials are importsunt in this respect.

The results secured snow that tha addition of cslcium
carbonate to mils lnocreassd the keeping gualities of butter
cultures made from it. The advantoge due to the presence of
calclium carbonats was greater in the butter culturee bheld for
the longer periods than in the butter cultures held for the
ghorter periods. Im the saort holding periode (5 days or less)
the adventage due to ithe presence of calcium carbonate was only
slight.

To determine whether or not the addition of calcium care
bonate affectis the keeping qualities of varicus butter cule
tures differently the data secured with the four cultures used
most frequentily were arranged sc the ocultures coculd be compared,
The results are presented in Teable XI.

On the basis of the total triale made the keeping qualities
of the four butter culturss wers increased to approximatsly the

same extent by the éddition of calcium carbonate, Om the basis
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Table XI,

The effect of the addition of ealcium carbonate
the keeping qualities of different butter cultur
when held at room temperature.
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of the different holding periods the keeping gualities showed
irregularities; for example, a larger percentage of the trisls
in which butter culture D-103 was held for "more than eleven
dayr" yielded satiafactory butter cultures thasn did the trials
in which this butter culture was held for "aix to eleven days".
¥ita butiter culture D-144 the trials in which the holding
periods were longer than eleven days yielded a larger percentage
of satisfactory butter cultures than did the trials in which
the holding periods were "six to eleven days" or even "five days
or less". These differences are not significant, however,
because of the swall number of comparisons made witk butter
cultures D-103 and D-144.

The results secured show that there were no significant
differences in the effect of calclium carbonzte on the keeping
gualities of the different butter cultures used. The differ-
ences between the keeping gualities in differeant trisls with
the same butter cultures were as great as the differences be-
tween the kaeping qualities of the different butter cultures.

Relationship of Temperature to the Effect
of the Addition of Calcium Carbonate on the
Xeeping Qualities of Butter Oultures.

The relationehip of temperature to the efxect of the ad-
dition of calocium carbonate on the keeping qualities of butter
cultures was studied by preparing four different butter cultures

both with and without added c¢zlcium carbonate, transferring each
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preparation to a number of small bottles and holding one portion
of each set of bottles at 21°C. snd the other at 379¢. After
various holding periods the contents of the bottles were inocu-
luted into pasteurized milk and eéch culture gecured was run
through a series of transfers tu deteraine whether or not satis-
factory butter cultures could be produced. Twenty trials at
each temperature were made. Tae results obtained are presented
in Table XIl.

Ninety pexr cent of the butter cultures held at 319C. in
milk with calcium carbonate and temn per cent of the butter
cultures held at 379C. in milk with added ealcium carbonazte
wore satisfactory when transferred into pasteurized milk. Thirty-
five per cent of the butter cultures held at 2100, in milk
without calcium carbonate and 30 per cent of the butter ocultures
at 379C. in milk without calcium carbonate were satisfactory
when transferred to pasteurized milk.

The results obtained show that the addition of calcium
carbonate increcsed the keeping gualities of the butter cul-
tures held at 219C, but did not increase the keeping guelities
of the butter cultures held at 379C. The temperature of
holding had a greater influence on the keeping qualities than

did the presence of calcium carbonate.
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Table XII.

The relationship of temperature to the effect
of the addition of calcium carbonate on the
keeping qualities of butter cultures,

OO 05 80 90 09 00 00 00 S0 00 oo

quality of ; butter cultures : butter culfures
the butter : held at 21°C. : held at 37°C.
cultures s :
¢ WwWith ¢ without ¢ with ! without
: Cacosf CaCoO3 : ca0035 CaCOgz
% satisfactory 90 35 10 20

%4 unsatisfactory 10 65 90 80

. 00 a8 00 ©6 o8 04 59 06 e a0 o
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Studies on the Keeping Qualities of Butter
Cultures Held for Long Periods of Time in
¥ilk with Added Calcium Carbonate,

Studies on the keeping qualities of butter cultures held
for long periode in milk with added calciu= carbonate were made
by preparing butter cultures in sterile milk to which 3.2 per
cent calcium carbonate had heen added, transferring each prepar-
ation to small bottles and after varying holding periods (154 to
372 days) at room temperature inoculating the contents of each
of the bottles into pasteurized milk. Each butter culture thus
secured was then run through a serles of transfers to determine
whether or not satisfactory flavor and aroma could be produced.
The results obtained from 28 trials are presented in Table XIII.

In general the butter cultures obtained after the holding
periods were unsatisfactory. In trial 24 a satisfactory butter
culture was secured and in trials 5, 14, 17, and 23 some butter
culture flavor and aroma were produced, bhowever, in the other
trials, no butter culture flavor and aromea were produced and in
some coagulation did not sven occur. Microscopic examination
of the material in the trials that failed to produce butter cul-
ture flavor and aroma usually showed gram positive rods which
presumably had survived the pasteurization incident to the pre-
paration of the milk for inoculation.

| Examinations for the numbers of each the associated organ-

isms and 8. lactis were made on the material held in trials
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Keeping qualities of butter cultures held
for long periods at room temperature in
milk to which calcium carbonate had been
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5, 6, 33 and 24. 1In trial 5 there were approximately 10,000
assoclated organisme and 100 8. lactis per cubic centimeter;
in trial 6, approximately one assoclated organism and 1,000,000
8. lactis per cubic centimeter; in trial 233, approximately
10,000,000 asssociated organisms and 100,000 S. lactis per cubic
centimeter and in trial 24, which produced a satisfactory but-
ter culture, no associated organisma'and approximately 10,000
S. lactis per cubic centimeter., These results again show that
more than the mere presence of the associated organisms in mix-
tures is necessary for the production of a butter oculture
flavor.

The data secured show that butter cultures could not
successfully be held for long periods at room temperature in
milk to which calcium carbonate had been added; only one of
the 28 trials resulted in the production of a satisfactory
butter culture.

Difficulty of Holding Butter Cultures, Prepared
in Milk with Added,Calcium Carbonate, in Stop-
pered Bottles.

Butter cultures prepared in milk containing calcium car-
bonate produge congsiderable carbon dioxide and when held in
tightly etoppered bottles the stoppers are frequently blown out.
This is especially apt to happen when the butter cultures are
allowed to warm up in the bottles after the bottles have been
sealed. Aglitation of the sealed bottles favors the release of

carbon dioxide and is often the immediate cause of blowing the
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stoppers. Both warming up and agitation often occur during ship-
ment of butter cultures and when calcium carbonate is used in the
milk the bottles must be carefully sealed to avoid loss from this

gource.

DISCUSSION OF RESULTS FOR
PART 1I.

The small increases obsained in the keeping qualities of
butter cultures held at room temperature (259 - 3200,) in milk
with added ocalcium carbonate indicate that this procedure would
not be of value when butter cultures are held for only short
periods and consequently it is doubtful whether or not it would
be of value in mailing butter cultures. The blowing of stoppers
is very objectionable and lessens the value of this procedure
for preparing butter cultures for mailing. For longer holding
periods the increases in the keeping qualities obtained in milk
with added calcium carbonate were quite definite, however, the
percentages of the trials in which good butter cultures were
obtained, even when calcium carbonate was added, were too small
to justify the use of this procedure for holding butter cultures
at temperatures between 26° and 323°C.

A comparison of the results obtained when butter cultures
were held at 210C. with those obtained when butter cultures were
held at 379C. ehows that the temperature of bolding is very im-
portant. At 219cC. witﬁ added calcium carbonate it wﬁe possible
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to hold butter cultures for periods up to at least 20 days with-
out serious deferlcration but at 379C. deterioration was very
rapid and only a small per cent of the trials resulted in satis-
factory butter cultures even when the holding periods were short.
This suggests that the deterioration of butter cultures during
the time held in the mails could be reduced by maintaining lower
temperatures;

The differences in the keeping qualities of the butter cul-
tures in different series of trials show that factors which
varied with the different series of trials were important. This
suggests that variations could be expected in the keeping quali-
ties of butter cultures prepared regulerly and that a study of
factors which vary in butter ocultures from day to day such as
rate of acid production or smount of acid produced might give
information which would be useful slong this line.

The deterioration of the butter cultures held for long
(154 to 272 days) periocds at room temperature in milk to which
calcium carbonate had been added shows that this procedure was
not satisfactory. However, the fact that a satisfactory but-
ter culture was obtained from the material held in one trial
and some butter culture flavor and aroma were obtained from
the material held in four other trials suggests that it would
be possible under different conditions to hold butter cultures
satisfactorily for long periods of time. The room temperature,

during the holding periods of the trials made, varled from
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approximately 259C. to approximately 33°C. and 1t is quite pro-
bable that had lower temperztures been employed the deteriora-
tion would have been considerably lese.

The presence of large numbers of associated organisms in
some of the butter cultures held for long periods shows that
the mere presence of the asscciated organisms in combinations
is not all that is necessary for the production of a desirable
flavor and aroma. The associated organisms and $. lactis pre-
sent after the holding periocds were of the same strains as
those present before the holding periods when the flavor and
aroma were satisfactory. This suggests that the failures to
obtain satisfactory butter cultures after the nolding periods
were due to changes that had taken place in the organisme them-
gelves or in their growth relationships.

The calcium carbonate added to the milk did not neutral-
ize all of the acid formed although there was calcium carbonate
left in. the butter cultures after the holding periods. The
insolubility and settling out of the calcium carbonate in the
milk interfered with the neutralization of the acid. 1It is,
therefore, not surprising that deterioration occurred even in
the presence of calcium carbonate, due to the accumulation of
acid. It ie quite probable that frequent shaking of the butter
culturee during the holding periods would have increased the
amounts of acid neutralized by the calcium cerbonate and thus

would have decreased the extent of deterioration.
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CONCLUSIONS TO PART II,

1. The addition of calcium carbonate to milk increased
the keeping qualities of butter cultures made from it when held
at room temperature. However, the percentage of the cultures
held at thies temperature from which satiasfactory butter cultures
were obtalned was small even when calcium carbonate was added.

3. There were no significant variations in the effect of
the addition of calcium carbonate on the keeping qualities of
different butter cultures,

3. Tbe temperatures of holding influenced the effect of
calcium carbonate on the keeping qualities of butter cultures.
At 219G. the keeping qualities were increased to a considerable
extent but at 37°0. the keeping qualities were not increased.

4. Butter cultures could not successfully be held for
long periods at room temperature in milk to which calcium car-

bonate had been added.
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