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THE BACTERIOLOGY OF CREAM
RIPENING AND CEURUTING.

PART I.

BACTERIA IN CRFEAM, THEIR NUMERICAL COUNT, TYPES
AND TEEIR ITINERARY IN THE MANUFACTURE OF BUTTER.

INTRODUCTION.,

Milk produced under ordinary conditiones always becomes
contaminated with considerable, frequently with a very
large number of bacteria. These organsime come from var-
lous sources and comprise a large number of species,

Yany of the species gaining acoess to the milk find condi-
tions very favorable for growth and multiply more or less
rapidly from the very start. By far the larger part of
the bacteria found in ordinary milk gain access from exter-
nal sources and it ie due to the presence and growth of
these that milk changes in taste and odor, undergoes the
process of souring and various decomposition processes,

In the separation the bacterial clumps are broken up and a
large mumber of each of the different typee present in the

milk are carried over with the oream. Many of these cause
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‘'the same changes in cream-as they do in milk while others
have a very different aotion. The difficulties and prob-
lems involved in the handling of the oream for the manu-
facturer of butter are so numerous and complex that it is
little wonder there is lack of uniformity in the finished
product. Dairymen have realized that butter of the best
Quality cannot be made from cream that is produbed under
unsanitary conditions. The destruction of the natural,
eweet, rich flavor of oream caused by the carelessness and
neglect of the producer can be noticed in the butter.
Soientifio research has taken the matter into consideration
and many interesting facte which have helped to make the
manufacture of butter a science as well as a great commer-
cial enterprise have been discovered.

The purpose of this paper is to make a study of the
bacteria in cream, relative to the numerical count and
prevailing types, and to trace these types through the dif-
ferent steps in the manufacture of butter; also to study
their significance in oream and butter with some measures

of control.

PREVIOUS INVESTIGATIONS,

"Dairying is an art the success of which depends almost
entirely upon the extent to which we succeed in controlling

the various fermentation processes" is a statement made by






Ernet Krimer (27). The fermentation that takes place in
the dairy industry is largely due to bacteria. It ie
Loped that a knowledge of the nature and characteristiocs

of these single cells belonging to the lowest tyre of plant
life will help to throw light on some of those problems
which are at present so difficult for the dairyman to solve.
H. V., Conn (5) etates that fresh cream contains commonly a
very large variety of bacteria. This is especially so in
cases 0f creameries where cream is collected from a wide
territory, the number found under these circumstances being
dependent in a measure upon the initial contamination and
the age of the oreanm, ' The older the cream, the fewer are
the types of bacteria found through bacteriological analy-
Bis. The total number increases as the oream rirens, this
inorease being due almost entirely to lactic acid bacteria
whioh overshadow other groups. After churning many baoc-
teria are removed from the butter with the buttermilk and
rany others with the wash water. The butter, however,
oontains great numbers of bacteria that do not find condi-
tions as favorable as in the oream and that die off more

or less rapidly. Thei; death is generally attributed to
the small amount of moisture and oxygen present and also

to the action of salt, V. V. Esten and C, J. Mason found
the dirt that comes from the surface of the cow enormously
stocked with bacteria. The contamination of milk by cow
feces is the most objectionable as germs that cause putre-

faction, ~as vrcduction and various diseases are present.
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The number of bacteria that can be washed from hay stems or
leaves is sometimes as hi~h as 76,000,000 per gram, Hay
is the source of larze numbers of bacteria in the barn and
cow stable, The liquefiers from hay are the worst kind.
The number of acid organisms on grass is much less in per-
centage and tétal numbers than in ocured hay. Acid organ—
iems are high in percentage on ell grain feeds. T, 4.
Stocking, Jr. (34) in his study of the germicidal property
of milk states that "Bact. lactis acidi and Bact. lactic

aserogenes played an important part in milk or cream, tre
former occurrinc in much greater numbers than the latter®.
In the study of butter by Sayer, Rahn and Farrand (23), it

was noted that the group of which Micrococcus lactis var-

ians, a liquefying yellow ocvocus, is a rerresentative,
ocourred most frequently in butter. Staph. pyogenes
aureus belongs to this group. Members of the group are
often found in the udder of the cow and on this account

their frequency is easily explained. Micrococouse lactis

aureus end M. l. albidus were alsc found present in fairly
large numbers, both resembling M. l. varians in certain
characteristics. The non-motile rod most freguently

found wes Bact. lactis lobatvm, a slow, liquefying, orange

bacterium, Bact. lectis album and Bact. lactis corimi

were rresent in varying numbers. The motile rods were

present in small numbers. B. lactis cochlestus and B.

1, pruchii were fcund severzl timee. Both liquefying
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and non-liquefying yeasts were frequently isolated. Three

molds were found frequently, these being 0idium lactis,

Pencillium glavcum and Aspergillus glaucus. None of the cr-

genisms were regularly present in butter exceprt Zact. lactis

scidi. Roseneu, Frost and Bryant (20) in their study of
market butter found that the number of bacteria in butter
diminished sharrly with ege. The aversge number of bacter-
ia found per gram wee five million, seven hundred thousand.
The§ found no rarticular relation existing between the num-
ber of beacteria and any other constituent such as selt, moist-
ure, etoc. They found B. colil present in butter in six out
of twenty-five samples, They found, however, that it socon

dies out in tre butter. Streptococci were found present in

over Lelf of their samples. B. welchii ( B. enteritides

sporo~enes ) was not found in any eemrnle of butter. The

tubercle bacilli was twice demonstreted.
The origin of the bacteria in butter is not elways the
same. Several types of orzanisms, lactic acid bacterie,

M. 1. varians, Oidium lactis, etc. are yresent in almost all

milk, Other teacterie are derived from the washweter, B.

fluorescens liquefaciens frequently coming from this source.

w. W, Fsten and C, J. Mason (7) grouped their udder orgenisrs
in order of occurrence &s follows: M. 1. mcidi, M. 1. glbi-
dus, M. 1. variens, M. 1. aureus erd B. subtilis. Usually
there is no harm coming from these, yet from 2 diseesed udler,

scre thrcat, tonsilitis and scarlet fever may Te contrazcted
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{hrough the use of the milk. B. enteritides sroregenes,

en anaseroblic tacillus sometires causing epidemioc diarrhoea
has its source in feces. Acoording to W, 1, Savege (232)

and C, E©, Marshall (15) - Staphylococci and Strevtococci

gain entrance through the orifice of the teats of healthy
cows and multirly in the milk cisterns; they also come fron
manuriel contamination, from stzle milk left in dirty cans
end frem cows suffering from mastitie. The streptococcl are
o2 considerable inmrortance as they are found in large numbers
but as yet nothing very definite is known about them. E.
coli and allied orgenisms are of importance zs indicatore of
poliution. The rresence of mewbers of the colon grour mey

be taken as signifying pollution from manuriasl source. The

source of Bsot. lactic acidi according to W, M, Teten (B) is

the saliva of the cow.

¥. L. Savaze (22), 4. A. Hopper (13), C, F. ¥arshall (15),
M, J. Rosenau (19) and many others agree that in general the
following include the sources of contamination:- Intramam-
mary, introduction duriné the milking process, from the cow's
coat, the udder, the teaut, milking shed, milker, feces, uten—
8ils, strainers, coolers, vottlers, artificial ocleansers, some

in transit and much during the final distribution.






TEE EXPERINENTAL TWORK.

XNethods and Conditions.

This work was carried out as nearly as possible under
commercial oconditions so that our results should represent
an average ocount and inoclude the most common types of or-
ganisme prresent throuzhout the process ¢f butter manufacture
including the raw and finished product.

Source of Cream.- Cream was obtained from dairymen in
the vicinity of the College Dairy.

Obtaining samples.- The samples were obtained from the

College Dairy where butter is menufactured according to
methode outlined by MoKay and Larsen (16). Samples (about
50 cc. each of oream, pasteurized oream, starter, ripened
cream and buttermilk), were obtained with sterile 10 cc.
pipettes a2nd placed into sterile 100 cc, Erlenmeyer flasks.,
Analysis of these samrples were mede immediately after col-
lection. Four samrles of butter, one before washing and
salting and three when the butter was ready to tub were
teken from the churn with sterile triers, the middle third
of each trierful being then placed into sterile deep culture
dishes. The sample taken before salting and one of the
samples taken after were analyzed at once, the other two
were stored at 40° to 45°F. and examined after seven days

and one month respectively.






Bacterial Content and Isolation.- 1In all steps except

those concerning butter, 1 cc. of the medium was added to SO
co., of sterile physiological salt solution. Thies was then
shaken and other dilutions made by introducing 1 cc. of thie
into another 99 cc. of sterile salt solution. Dilutions of
1:1000, 1:10,000, 1:100,000 and 1:1,000,000 were then plated
out in litrmus lactose egar and duplicates in casein agar.
Butter was introduced into a small Erlenmeyer flask and
placed into a water bath at 35°C, One zram (1.15 cc.) was
measured by use of a sterile pirette into 99 cc. of sterile
salt solution which has a temperature of 35° to 40°C. This
was well shaken to a milky emulsion and other dilutions made
as above. Samples were plated out in litmus lactose agar
and casein egar, the same dilutions being ueed as for cream.
After bacterial counts were recorde, many of the organisms
were isolated and transferred from the agar plated to sterile
nutrient bouillon.

Litmus lactose agar used for plating was mede according

to the rules adopted by the Committee on Standard Methods
(Journ. Inf. Dis. Suppl. No. 1, 1905) to which 1 % lactose
and 0.05 % azolitmin waes added.

Casein agar was made up according to the formula given

by S. H. Ayers (3).
Catalase.~ The presence of catalase was determined
through the use of the gum guaiac test. A tincture of gum

gualac Wwas made by dissolving a little of the powdered resin






in aloohol. About 10 cc. of the cream was placed into e
test tube, shaken with = few drops of hydrogen peroxide,
then two drops of gum gualao tincture were allowed to run
down the sides of the tube ooming in contact with the oream
but not being mixed with it. A blue ring aprearing within
a few minutes isvconaidered nositive for catalase.

Reductase.~ The presence of reductase was determined
by adding 1 cc. of Sohardinger's solution (190 co. of dis-
tilled water, 5 cc. formalin and 5 cc. of alk. meth. blue)
to 10 cc. of the medium to bé tested, shaken to mix the
color and milk uniformly and placed in a waterbath at 37°C.
for half an hour. Decolorization 1s reduwotase positive.

Moisture.- The moisture was determined by heating 10
gms. of butter in an aluminum cup according to the Ames test
(16)s The sample was re-weighed and the vercent of moisture
obtained by multiplying the loes by 10.

Salt.~ The amount of salt was determined by a slight
modification of the Shaw test (35), the silver nitrate being
of such a strength as to have 1 cc. represent 001 gm. of
salt in butter or 0.1 % vhen 1 gm. samples are used, potas-
sium chromate being ueed as an indicator.

Aoidity.- The acidity was determined by titrating 10 cc.
of the medium diluted with distilled water by the addition of
N/10 NaOH and recorded as percent lactic acid.

| Fat.- The percent of fat vresent was determined by the

Baboock test (35).
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Spores of anaerobic gas producers.- The anaerobic
spore producers are tested for in every step of butter
manufacture in the following way:- The medium to be exam-
ined was placed in tubes; 1 co. in the first, 4 co. in the
second, 8 cc. in the third and 13 cc. in the fourth tube.

. Enough sterile milk was added to the first three tubes to
make each approximately 13 co. They were then heated in
a water bath at 80°C. for ten minutes, cooled and the med-
ium covered with one-half to three-quarters of an inch of
sterile liquid paraffin to exclude the air. The tubes
were incubated at 37°C. for two days. An abundant produc-
tion of éas, the cream being torn and often thrown to the
surface of the paraffin and coagulated masses of casein
shows positive for spores of this groupe.

Coli-aerogenes groupe.~ The presence of this group was

determined by the inverted vial method (17), 1 oc., 0.5 co.,
dilutions of 1:10, 1:100, and 1:1,000 of the sample being
used. The production of gas in dextrose broth was consid-

ered positive,

Peptonizers.~ To determine the number of peptonizing

colonies, the casein agar plates, after counts were record-
ed, were flooded with N/10 laotic acid. The action of the
lactic acid is to precipitate the casein in solution which
produces an opaque white medium except about the peptoniz-
ing colonies where the casein has been dissolved by the pep-

tonizing action of the bacteria. Colonies surrounded by a
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clear zone and thus set off from the rest of the solid
white medium are considered veptonizers.

Acid Organisms.~ The laotiocs were determined by direct

count of litmus lactose agar plates. They form either a
distinct boat-shaped or round colony, this being small and
of a distinct reddish-pink color.

Inert and Indifferent Organisme.- These were estimated

by difference.

DISCUSEION OF DATA.

Types and Numbers of Organiems Found in the Raw Material

and Finished Product.

In our study of the bacteriology of cream ripening and
churning, we have included in the following four groups of
organisme:~ First, those organisme which belong to the
starter type; seoond, thoge that produce acid and ges; third,
those that cause peptonization end putrefaction, and fourth,
those that belong to the inert or indifferent group. By far
the most important part pleyved throughout the ripening eand
churning is taken by the starter and gas producing type of
baecteria. The former is responsible for the ripening of the

oream, giving it the thiock, even, glistening arrearance and
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good flavor which are essential for good butter. Some mem-
bers of the gas producing type cause rmch. of the trouble

that is often experienced in the manufacture of butter, as
the formation of gas, bad odors, bad arome and many other
defects, causing the buttermaker much oon;ern. Next comes
the peptonizing and putrefactive group which is a constant
source of trouble and which ie present in greater or smaller
numbers in all crean, They are mostly rods, motile or non-
motile, capable of growing rather rapidly in cream and of
performing marked changes, The casein in the cream is lique-
fied and digested with the formation of various products to
which are due the undesirable and offensive odors and the
bitter, stale and perheps, the fishy flavors. Some products
preduced by members of this group are poisonous. The fourth
group, inert and indifferent organisms, does not affect the
oream or butter in any merked way, neither chenging percepti-
bly the chemical nor the physical condition of the medivm,
but serves to swell the numerical count,

According to many investigators, the number of becteriea
in "Top Milk" (cream layer) is much greater per cc. (2) than
the number found in "Bottom Milk" (ekim milk), In separa-
tion, the greater number of bacteria per unit volume leave
the separator with the cream, The average number found in
cream was 3,640,000, This great number was mede up of
groups of all kinds, but members of the gas producing and

peptonizing grouns predominated. In this first stace they
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are more numerous than either the atarter tyre or the ineit
and indifferent grour. Pasteurization greatly reduvced their
numbers., It i1s in the nasteurized cresm that the starter
grour of or-aniems ie first ziven the lezd and in consequence
of the addition of the starter is egble to keep its numbers
far above thet of the other tyres present. Accerding tc the
bacterizl ccuvnte given in our tablee, it is eseen that rest-
eurizetion kills €8 % of the bacterial flora. The ~es rre-
ducing and reptonizing tyrees ere esrecially affecte& ty reet-
evrizztion, the relative rercentere to tte total flora being
reduced twe-thirds. Tn tre eddition of rure culture starter
we heve sddecd many desireble starter crgenisms for every sur-
viving orcaniem in the ractevrized crecm and es a direct re-
sult we heve & zreat percenterze of the tctal florae of ripened
crean rede vy of tihe starter type{ It is also ayrearent fron
our tetle that » lerge number c¢f the bacterie rresent in the
rirenecd crear ere removed after clurning with tre tuttermilk.
Many more sre washed out of the tutter during the wecehing
erd werkings rrecees, Putter as a finisred prroduct ccntains
8 little more tren one-tenth acs rany orzanisme ee did the
ri-ened creanm. It seems tlrLerefore entirely rlausible to
assune tliat the cther nine-tenthe are rermoved with the tut-
termilk and the weeh weter. Three-quarters of the becter-
1el flora of freel butter are the desirshle eterter tvre of
beéteria. Uron tlese, s~1t znd low teryerstures Leve & de-

leteriouvs effect end as a reesult threv die off reridly et
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first, then mcre graduvelly vntil sfter some time in sterage
their nvrbers as ccrprared with tre mumbers of the other
tyree 1le very much reduvced. The relative rercentege of the
Inert erd Indifferent type increzses with the time in stor-
age. The avereze nurber of tacteria found elive in fresh
butter was 5¢,00C,0CC. Ctorece and salt, however, seem to
heve ¢ greet & deleterious effect on the btutter flora that
efter storage of cne month, lees than half of this number

remain glive,

Adartation of Casein Agar and Litrus Lactcse Agar

for Nvmerical =nd Tifferenticl Ccunt.

The two tyres of media vwrich are of greet importance
in cdetermining the tyres of tazcteria yrecent are casein
arar and litrue lactoee ecar. Throuzhout the whole rrocees,
the Ttecteriel counts on the two medie were very clcee to-
gether. The casain agar counts, however, were generally
lower trharn the litmus lzctcese counts. One c¢f tLe diesedvan-
teges of casein agar is thet it must te ellowed six to eight
days for incubation, wherees litrue lectose acar needs cnly
three to five days vrern the comron terrerzture of 20° to 35°
C. 18 used. After total counts and ieolations were nece,
the ceasein esger rleted asre veluable for the detection of

reptonizers. The work with casein azer beers out in gener-

al the work of Ayers (3) in thet the casein medis fevored
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the inert, elkell forming and vreptonizing grours of bacterie,
while acid forming orcanisms were favored end rcre readily

distinguiehed on the litmus lactose acar.

Cetelase and Reductase in Cream znd Putter.

Thie action of the reducing 2nd oxidizing enzyres was
stuiled in corder to determine if rossitle the reason c¢f tre
diserrearance or inactivation of catelase and redvctase
found in fresh creen, In Table II it is to be noted that
neither catalese nor reductase wces detected in rire sterter,
rinrened crear and buttermilk fron the churn. Poeltive re-
sulte were obtained for both oxidases =nd reducteses throuvzi-
ocut the reet of the procese. It ie known thet catalase 1s
concentrated with the cresm when nilk is centrifuged (14).
It is also believed that ordinery lactic acid rtacteriea ere
not asble to prcduce catalase while meny other tyricel milk
orzanisme are able to produce it in large quantities, The
amount of catalase is measured in most cases by the amount
of oxygen liberated in two hours, at 30° to 37°C. from a
definite measure of standard hydrogen reroxide mixed with a
definite volume of milk, but in our work the prreviously de-
scrited color metkhod for detection could be used with great
satisfaction. Te found that the cetelytic activity is in-
fluenced ty tie arount of Lydrogen peroxidée added. Vhen

either too much or too little is added the test is either
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retarded or necative. According to Koenig and Leon (13),
catalzese exists in milk rertly free end partly corbined.

The combined catalase does not act until after twenty-four
hours have elespsed but upon additicn of a weak alkeli the
combined catalase becomes at once active. Ve know that

the atarter does not ordinarily produce catalase but even
if the crgeniem could rroduce catalese, the high acidity
develored by it would either temperarily or permenently in-
activete it. Pipened cream and buttermilk esre also very
high in acid and tlere is little dcubt that this factor is
the exrlanetion of the nevative results oﬁtained in these
steps of the ripening and churning process. The cataleee,
however, is not rermanently inectivated as a direct result
of the acidity aes positive tests for it are obtained in the
butter which may be exrlained by the low acidity of the tut-
ter. To further rrove what the direct action of acid would
be on catalase, to tubes of fresh cream, which gave rositive
tests for catalase, was added N/1 lactic escid until the
oream was almost visibly curdled. On repeeting the tests
for catalase, negative results were obtained. The cream
was then brought down to a normel acidity ( 15° Fullert's
scele ) by the addition of N/1 sodium hydroxide and then
positive resvlts were obteined, thue confirming our aesunmp-
tion that high end low ecidity are factore in determining
mecative or positive resvlte in catalsse determinaticns,

Reductase 1e similarly affected by scidity, it being






dnectivated by the eddition of lactic acid end its activity
restored by the addition of a week alksli. This causes us
to state that reductase as well as catalase is only tempor-
arily inactivateld by & high acidity of the medium in which

it is deternined and rey epain be activated by the sddition

of weak alkalies.

Acidity of Crear and Butter.

As we note the different stere paseed throuzh in the
rirening ¢f the cream end the churning process, it is ap-
rarent that great differences in the acidity exiet. The
original acidity does not differ zreatly from that of past-
eurized cream. The starter, having a high acidity, raiees
the acidity of the cream to a considerable heizht. Butter-
milk is aleo poseessed of a hizh acidity. Butter, as &
finished product, possesses a comrparatively low acidity,

In storage the acidity of the butter seems to change but
very little. Acidity not only rlaye a great rart in the
Quality of the tutter but also shows ite influence uron the
keering quality. Although investigators believe sveet
ocream to possess a3 good keeping qQuality as butter mede from
'ripened oream, it is the orinion of many that butter mede
from sweet cream does not possess as good keering qualities
as butter wrzde from ripened cresr. However, acidity 1s by

no means the only factor to be coneidered in the determina-
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FIG. III. GFAPEIC SYETCH REPFFCENTING CEANGES IN ACIDITY.
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tion of the keeping quality of butter. Acidity aleso affects
many other changes throughout the process as enzymatic action,

rhysical structure, chemical equilibrium, etc.

Mioro%:ggnisms.

Deecrirtion, Morphology, etc.

Table II gives counts of organieme obtained throughout
the whole process of cream riprening and churning, showing
elsc the percentage of the different groups of organisms
present. In every step of the ripening and churning, orgen—
iems were 1solated from platee and planted in bouillon.

From the bouillon culture ager pletes were made and pure cul-
tures assured, These were then transferred to litmus milk
bouillon, agar slants and gelatin stabs. The characteristic
growth of each wae then recorded and some of the more preva-
lent organisms were identified. First, the bacteria were

grouped according to the morphology into coccus, bacterium

and bacillus, yeast and mold. Next they were eubdivided into

liguefying and non-liquefying and into acid and non-acid
grouys. These Were then divided into spore-forming or non-
srore-forming organisus. In identification, "The Classifi-
cation of Dairy Bacteria®™ by Conn, Esten and Stocking was

used and it was comparatively eesy to trace the more preva-
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lent organismes to their proper group and name.

In the following tablee the morrhology of the organisme
is shown, The number of times that each of the organisms
was found present is also shown in the tables,

The organism present in greatest numbers and the only
one present throughout the different steps of ripening and

churning was Bact. lactis acidi. It occurs in the emallest

numbers in storage butter. Other organisms present in

greater or smaller numbers were identified as Microcococus

lactis aureus (80), Microcoocus lactie varians (31), Micro-

coccus lactis albidus (19). These three belong to the

ooocus group and have very slight differences by which one
may be distinguished from the other. M. 1. variens 1lique-
fies gelatin while M. 1. aureus does not liquefy it. Their
cclor varies from orange yellow to white. M. 1. albidus
may be designated as a white variety of M. 1. varians,.

Very few rod-shaped bacteria were found. B. coli

(126) was perhape the most prevelent throughout but was not

found in butter. B, fluorescens liquefaciens (123) was
present in all steps except in pasteruized cream and butter-
milk, Only twice ocut of the twelve experiments did it oocur
in fresh oream, B. subtilis (103) was found present in all
stages except in the finished product.

Yeast and torula, both of a liquefying and non-liquefy-

ing type, were found present and as we have at hand no good
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guide for their olassifications, they were grouped only as
to their ability to liquefy geletin and according to their
color. Yeasts and torulae were especially prevalent in
the original cream, The part they play in the manufacture
of butter ie minimized by pasteurization since their num-
bere are greatly reduced,

A few molds were found but these with one exception,

O0idium lactis, were discarded as they were thousht to have

little influence in butter.

Possible Source.

Under the subject of "Previous Investigations™ the
poseible source of organisms in general has been fairly
well covered. It is, however, necessary to give a few of
the possible sources of the epecific organisms ocourring

throughout the process. Bact. lactis acidi is generally

believed to be rresent in the saliva or on the tongue of
the caqw. It has also been found present on plante but
only where some bovine has had access, The organiesm is
spread about the dairy in insufficiently cleaned or unster-
ilized utensils. EHair from sides of the cow and other ma~-
teriel which at some time has been moistened with saliva is
responsible for its dessemination. The gae formers, B.

coli communis and Bact. lsotis aerogenes have as their

source usually fecal matter, dust or dirt from the animal's
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¢oat or the urper layer of the soil. The micrococol are

commonly found 1n the udder. B. fluorescens liquefaciens
is found in the eoil and water, zaining entrance to butter
by washing the utensils and the butter with an impure water.
The bacterial content of the washwater ies & subject to be
given consideration since many harmful organisms are from
this source. Filtering and heating of water hes been sug-
gested to avold this source of contamination. B. subtilis
is added to the milk from hay, dust of barn and soil. In
general the outside contamination would be due to the milk-
er, air and dust of the steble, the milk pail, water suprly,
cooler, cans, transportation, ripener, churn, buttermaker,

package and distribution.

Spores of Anaerobic Gas Producers.

Throughout our work, tests for B. enteritidl sporogenes

spores ( B. welchii ) were made by the method previously
given. This group of anaerobio spore producers is frequent-
ly found in milk and cream. This would lead one to suppose
it would be found in butter also. In all the steps of rip-
ening and churning, thies organism was found present with the
exception of butter, It is indeed surprising that it is

not found in the finished produot yet the fact remains that

many investigators who have worked on the same subject have
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hed negative results, for which no reason has teen given.

Coli - aerogenes Group.

This group includes a considerable variety of organ-
ieme. According to Haetings (10) they are classed among
the faoultative anaerobes and differ greatly in morphology,
culturel characteristics and amounte of their by-products.
He also states that they are to be found in every sample of
market milk in varying proportions. Teste for this group
were made during each of the different eteps of butter manu-
facture. The same results were obtained in these tests

that were obtained in the B. enteritidl sporogenes teste,

the organism being prresent in every stage except in butter.
For this no reason could be given other than that the but-
ter containe less than ten percent of the milk serum present
in the cream, unless the agitation during churning or prles-
molysis of the cell due to the added salt kills the organ-
isms., Reinman (18), Jensen (13), Rosenau, Frost and Bryant
(20) and a number of other investigators have found thie
group in butter though always in rare instances whereas some
authors have made the group conspicuous by stating that they
have never found it rresent in butter. The only reason,
therefore, that may be ascribed to the rare appearance of

the group must be the one given altove,
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V.

TABLE

- THE NUMEER OF PLATINGS IN WHICH AN ORGANIS!M WAS

FOUND IN THE DIFFER®NT CHURNING EXPERIMFIITS.

Churnin

No. of

XI XII.

IT IX

II

Organ- T II 1III I

ism,

oONNQAOMNMONOAONHOOODNNMNIIQOOOMH

oo0oo0oNROONAHNNQANNOHOONROARMOOOMY
«Q

oONNNRNOO0OOAOO0OO0OO0O0OO0OMWOANR QAMOOW

0ONRO0OO0OOoONOMOO0OHNAMNOMOANNOOOONW
QROMROOOOONOO0O0O0O0OO0OWMHMO MM MMM

oCNHNAAQMITALTNOOO0OOMNMWOANROOOMOO W
oMNNANOOTHONNONHRMDOOOOAMNMOOAY
000 HAQMOoOOROMMNAMNOODMNOMNONROONVO
000023030132330383333000022
HFOO0ONMAQAONMANOIFTAAMMARNHDOONOOOMNMOOM
oOMNROOMHNNAROO0OO00O0O0MMOMOOoOOMOoOn

ANAOROAMNMONROO0O00O0O0VOO0OONROONHO

125699016914891
02 02 (2 (2D LD €O W O -2~

102
109
11
119
123
123
126

Just before the finel typewriting that part of

Note: -

Table IV which ocontained the results of Churnings Nos. IV,

V and VI wes irretrievably lost.,
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The Occurrence of Microsrganisms.

In the preceding tables the occurrence of microarganp
ieme with the excertion of yeasts and molds have been re-
corded., Yeasts were rresent in every churning in varying
numbers, They are most prevalent in the cream before it
Las undergone pasteurization. Molds were found in but few

cases with the exception of Oidium lactis. Most of thoee

found were in butter which had been kept in storgae for one
month and undoubtedly had some relation with the condition
of the butter at that partiocular time. Members of both

the Penecillium and Aepergillus types were rerresented but

neither a morphological nor phyeiological study waes made of
them. Table V also shows the number of platings in which

an organism was found in the different churning experiments.

General Significance.

In the first part of the discussicn we have taken up
the influence of certain tyres of bacteria found throughout
the process of ripening and churning. It remains, however,
to disocuss the general influence of all types found present
throughout the work, laying erecial emphLasis on their effect
on the finished product. Sweet creem butter as a rule soon

undergoes deleterious changes especislly when made from un-
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pasteurized cream., On the other hand, butter mede from
oream which has been properly ripened differs greatly in
flavor from that preyared from swveet crezm and ie belleved
by most investigators to poseess better keeping quality
than sweet cream butter. Butter mede from cream wkich 1s
fresh and swecet when it is delivered to any creemery is of
higher grade end has better keerins quality than butter
made by the same buttermaker from ocream which is o0ld and
BCUT. The acid fermentation of the rivening process gives
intensity and character to the flavoring compounds. It
should be our sim to eliminate to a great extent undesirable

organisms as those of the coli-serogenes group, etc. and to

allow the desirable Bact. lactis acidi tyre to predominate

at all times. Thie of course means that we should use the
rasteurization process to help eliminate many of the undesir-
ables and emrloy a good starter which is resronsible for the
desirable fleovor and uniformity in quality of the finished

butter. According to Herter (11), the coli-aerogenes group

sometimes induces excessive fermentations of lectose and
other sugars with the rroduction of irriteting acids ( es-
pecially lactic and éoetio ) and at the same time liberates
an excegsive amount of gas. They cause a sharp taste in
the finished prroduct very noticeable especially when butter
is made from unpasteurized cream, Members of the group

are present frequently in large nunters due to fecal contam-

ination. The peptonizing bacteria or casein digesting
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‘group digest vasein either with or without coagulation.
They often develop strong putrefactive odors and are in
meny cases the cause of abnormal flavors in butter, but
are in generel kept down to such small numbers that their
influence is generally not heavily felt. The yeaste were
present in all churnings and although we know very little
ae yet of their influence on the keeping quality of butter,'
yet we do know that "oily" butter and certain abnormal
flavors are due to then. Moldy butter due to the growth
of certain molds on the lining of the butter tubs or the
parer in which the butter is wrapped, 1e also a factor to

be taken into consideration. Oidium lectis 18 always

present in butter and seems to decrease in nmumber with the
age of the butter. Hastings (10) states that itself iﬁ

not a good substratum for mold growth, The remedy recom-
mended or rather a preventative is the paraffining of but-
ter tube and the heating in hot water of the paper linings

and wrarpers.

SOME METEODE OF CONTRCL.

Pasteurization.

In any discussion rerteining to butter manufacture it
1s almost a necessity as well es a matter of great interest

to fully discuss rasteurizaticn and and its real influence



on the finished product. About a quarter of a century ago,
Storch, the nctel Tanish scientist isolated certain becter-
la that were necessary in the ripening of cresamn. The best
" results in ripening were not elways obtained when these i-
solated cultures were elded to crezm alrealy crowded with a
great number of baotaria «aw on tals acccunt he started to
werk to obtain a cleaner field for his cultures by destroy-
ing by means of heat the organisms that already existed in
oream, This process in later years, greatly modified, re-
ceived the name of rasteurizetion. Ve now define »asteur-
ization as the process in which milk or cream is heated to

& sufficiently high temperature to destroy a portion of tre
bacteris and then is rapidly ocooled to prevent growth of the
surviving organisme. The two main purposes of the process
are to destroy all‘pathogens end to imrrove the quality of
the product, In the process of buttermaking it enables the
buttermaker to eliminate undesirable taints due to many bac-
teria in cream and to produce & more uniform flavor and Gual-
ity by allowing the starter organisms a good, clean field.
It also enhances the keeping quality of butter. As a con-
trol, efficient rasteurization first of all removes all
dangers of pathogenic organisms. FlUgzze (9) lays partic-
ular strees upon peptonizing bacteria, most of which form
spores. The spores survive pasteurization and would then
have a field free for growth and ectivity. Ayers and

Johnson (4) state that many inert and alkali forming organ-
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isme resist the heat of rasteurization. They have also

found strains of Bact. lactis acidi, B. coll, B. lactis

aerogenes and tyres of strectococci which survive pasteur-

ization. It seems, therefore, that pasteurization when
used alone es a control would not accomplish the desired

eni (]

ACidity.

Aoidity is taken up as a factor whicnh mey control the
tyre of organisr: The tolerance of several organisms for
. acid, on agar and in milk was tried and it wes found that
all of the organisms uszd in the experiments could grow on
a medium containing .4 % lactic acid. The organisme used

were M. 1. varians, M., 1. albue, M., 1. albidus, B. subtilis,

B. fluorescens liguefaciens, Oidium lactis,a liquefying and

a non-liquefying veast, ( 59, 37 )« The results were sim-
ilar in both milk and agar. It 1s thus apparent that an
aoidity of .4 7 is not sufficient to prevent growth of the

common types of organisms existing in butter.
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Judicious Use of the Starter.

It has been previously mentioned that when a consider-
able number of species of bacteria are present in milk or
cream, not all of them are able to multiply at the same
rate. Most epecies of bacteria thrive best on a neutral
or slightly alkaline medium. In nearly all milk, however,
as 1t comes from the milk pail, there are a number of lac-
tic acid orzanisme which soon produce sufficient acidity in
the milk to ocheck the gromwth of a number of epecies of bec-
teria which do not thrive in the presence of acid. On the
basis of antagonism of mixed cultures, it is hoped we can
establish a control of the organisms that ocour in butter,
Firet, in coneidering the starter organiesm, let it be re-

membered that a culture of Bact. lactis acidi noted for its

characteristics should be used. This sLould have good vi-
tality and fermentative power, self preservation, flavor
producing properties and be able to form a curd of uniform
consistency with no presence of ges. We know that of the
great nurber of organisme present in the original crean,
only two percent or less are alive after pasteurization, 1.
e, ninety-eisht percent are killed by the heat of efficient
pasteurization, In the addition of ten peroent starter
we add 5,000 or more of the beneficial starter type of bvac-
teria for every organism in the rasteurized crecm, This

pleurality gives the starter orzanism so great an advantage
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that under rroper conditions they will developr in the ripen-
ing cream the desired flavor and aroma. At the sene time
the starter orzanism also exerts an action strongly antagon-
istic to the members of the group of peptonizers and rutre-
fiers growing in the same cream, When the ripening is well
under way, tnis group 1is aléost completely held in check
and their harmful changes ere arrested. The inert or in-
different group are really of little importance except in
80 far es they increase the total count of bacteria. It

is easily seen that a judicious use of the starter can do
much along lines of control. There is, however, a danger
of allowing the starter to use its influence for too long

a duration, giving as a result over-ripened cream which im-
parte to the butter a sour cream flavor and impairs the
keeping qualities, In the majority of cases the starter
cannot do its full work of coutrol if the cream which is to
be rivened is not previcusly rasteurized for it usuelly con-
tains so large a number of injurious bacteria that the fav-
orable influence af the pure culture is greatly diminished.
It is thus seen that & good starter and pasteurization rep-
resent the most efficient control of miorogrganiems in oreanm

and in butter.






47
CONCLUSIONS,

1. The orzaniems in butter are for the grester part
those which are present in cream. .

2. Neither the buttermilk nor the freshiy churned
butter taken from the churn before the buttermilk was drawn
contains per unit volume as many living bacteria as the
ripened cream. The average from our data shows that about
30 % of the organisms were killed in the churn, doubtless
due to mechanical agitation during churning.

3. The process of washing and saelting removes fifty
percent of the microarganisms.

4, Plates made with casein agar give a total count a
trifle lower than litmus lactose agar and such plates aid
in the detection of the peptonizing organisms, Litmus
lactose agar is well adapted for the detection of acid pro-
duceia.

5. Positive tests for catalase and reductase were ob-
teined in the oream and butter but not in the starter, ripened
oream or buttermilk. Negative tests are due to a temporary
insctivation by high acidity.

6. Spores of anasrobic gas producers and members of

the coll-aerogenes group were not detected in butter although

they were present in greater or less numbers in cream.






7. Bact. lactis acidi is the predominant type through-

out the mamufacture of butter. Other organisms appearing
frequently in our samples are M. 1, varians (31), M. 1.
aureus (90), M. 1. albidus (119), S. 1. fulvus (19), Bact.
lactis album (3), B. coli (128), liquefying and non-liquefy-

ing yeasts, Oidium lactis.

8. The growth in milk c¢f orzanisms frequently found
in dalry products was not entirely rrohibited by the pres-

ence of 0.4 ¢ lactic acid.
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PART II.

FACTOR] INFLUENCING TXW RESISTANC® OF LACTIC ACID
BACTERIA TO PASTEURIZATIOXN.

The ready acceptance of the fact that orgznisme survive
the pasteurization prrocese because of the great bulk of
cream and milk used or because of their high thermal death-
roint, hae deterred dairy investigators frou discovering the
real cause or protective factors which allow their survival.
In 1213 J. J. Kinyoun (8) found in commercial pasteurized
milk of Washington, D, C., high counte of colon bacilli and
streptococci, and contributed their presence to dirty milk,
inefficiently pasteurized. C. ¥, Marshall (10), in 1897,
found trat a large percentage of the samples of milk pasteur-
ized at 68°C. for 20 minutes, lovpered with the production of
acid, although no true lactics were found on plating. Among
those isolated were four non-spore-forming bacteria, three of
which were able to survive 80°C., for 30 minutes in bouillon
and the fourth withstood 70°C. for the same length of time.
H. D. Pease (11) found that members of the o0l group are
more difficult to kill by pasteurization than Bact. tubercu-

losis. A number of streptoccoci and members of the colon

group, whose thermal deathpoint is hizh, were isoclzted by
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Harrison (6) in 1905. N, L. Russell (12) says - that to =2

large extent the lactic acid bacteris are destroyed by the

pasteurization process. Gage and Stoughton (5) in 1906

found a strain of B. coli whose thermal deathpoint was 80°C,
and attempted to increase its resistance to heat by subcul-
turing from the surviving few, but no increase in the resis-
tance was obtained, Many investigators have found strepto-

coccl amd menbers of the Bact. lactis acidil end colon zroups

that can survive at least 709C. for 20 minutes., In 1910
Ayers and Johnson in their work on "The Baocterioclogy of Con-
mercially Pasteurized and Raw Merket Milk"™ (3) say that "tem—
perature ( 62.8°C, kept for 30 minutes ) would be sufficiently
high to afford protection azainst pathogenic bacteria and yet
would leave in the milk the maximum prorortion of lactic ecid
bacteria and the group proportions would be very similar to
those of all grades of market milk", In their conclueions
they 2lso assurme the fact that the souring of pesteurized
milk is due to the development of lactic acid bacteria which
on account of their high thermal deathpoint survive pasteur-
ization or which come from subsequent infection during cooling
or bottling, They 2ls0 claim that the thermal deathpoint of
one lactic acid orzenism which was isolated from milk was
74,4°C. in broth and 75.6°C. in milk when heated in Sternberg
bulbs for thirty minutes.

Theobald Smith (15) in 1899, working with Bect. tubercu-

losis otates that the orzanism susrended in water, normal
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Belt solution, bovillon and milk ere destroyed =zt 8C°C. while
the rellicle which forme cn milk during the exrosure at 60°C,
nzy contain livinz orranisms even after 60 minutes. The
work of E. L. Pussell and F, ¢, ¥astings (13) in 1902 con-
cludes theat tre destruction of bacteria in milk by means of
heat, derends upon the conditione under which the exposure
was made; the formation of a pellicle rrotects any organism
within tre pellicls. The resistance of bacteria in the sur-
face membtrane ie thou-nt to be due not entirely to the lower-
ing of tﬁe terperature, but is affected by the nature of the
enclecaing membrane itself, In closed vessels as Sternberg
bulbs they state that milk offered no protection greater thnan
whey or bouillon. The orinion was expressed by A Tollf (17)
in 1908 that the lactic acid bacteria ( B. Cuntheri ) past-
ecrized =2t 70°C, for thirty minutes ere protected by the heat
forming arownd the cell an acid coagulum of albumin. Heat
resisting strains of B. coli were found in milk by T. Zelen-
sky (18) who states that their thermal deathpoint is higher
in milk then in broth and sugzests that the nrotein and fat
in milk act as a protecting factor.

Nearly every investigator working with pasteurized milk

agrees that members of the E. coli and Bact. lectis acidi

groups survive resteurization and too that there exist members
of these zsrours whose thermal deathroint is sufficiently high
to carry them throuzh cemmercial restevrization. ileny are

of the orinion that the trermal deathpoint is the same whether






determined in bouillon or in milk, especially if the milk is
sealed from the air to rrevent t:e formation of a surface
pellicle or membrane; while others have found that the ther-
mal deathpoint of a nurber of organisms when determined in

milk is a 1little nicher than in bouvillon.

The object of tlis work is to study:

l. The varistion in terperature durins commercial rast-
eurization ( holding vprocess ).

2. The thermal deathpoint of some orzanisme surviving
vasteurization,

3. Subsequent infection during cooling and bottling.

4., The protective agencles in milk and how thLey affect
different types and strains ¢f tacteria.

The Variation in Temperature During Commercial Pasteuri-

zation by the Foldinz Process,

This work was carried on in colperztion with the Collegze
Dairy Department, a "Perfection" Pasteurizer ( 200 gal. cere-
city ) beinz used. The Holdinz procese of rasteurization
( 145°F, for 20 minutes ) hLas been ucsed by the department with
good results, The determinetions of temperature in thls ex-
periment was male in Oréam vzsteurized by this process. The
temperature at the four corners and in the center of the rast-

eurlzer was taken at one minute intervals, The resulte in






‘Table I show that the temperature did not vary over two de-
grees during the entire rrocess. The slight variation in
tenrperature may be to the credit of the specizl tyre of past-
eurizer used as the erirals stirred the cream thoroughly.

It is evident from the deta obtained that the question of
bulk does not answer for the rrotection of the organisms
throush uneven distribution of the pesteurization tempera-

tures in a resteuvrizer of this tyre.

TABLF I.

Variation of Temperature Durinz Pasteurization,

Min., Corner I. Corner II. Corner ITI. Corner IV, Center.

0 145° 145° 144° 144° 145°
1 144° 144° 145° 145° 145°
3 1450 145° 144° 145° 144°
3 1459 145° 145° 144° 1459
4 144° 145° 144° 146° 145°
5 146° 145° 145° 144° 145°
8 145° 144° 1486° 145° 1469
7 145° 145° 145° 145° 145
8 1459 145° 145° 145° 144g
) 144° 1450 145° 1458 145
10 145° 1459 144° 144 144°
11 144° 1486° 145° 1463 145g
13 145¢ 145° 144° 144 144
13 146° 144C 144° 144° 1453
14 146° 14589 1459 1448 146
15 1450 1450 146° 145 1443
16 145° 145° 145° 145° 145
17 1459 1¢5° 145°© 144C 1460
18 1450 145° 1459 1453 1459
19 145° 145° 145° 145 144

20 145¢ 145° 146° 145° 148°

PR




The Thermal leathrcint cf Scre of the Organisms

Surviving Pestevrization,

Metlcd,

By tlierrmel déathycint we resn the lowest temperature
vnich caused leeth to vegetative forme on exrosure for ten
minutes (4). The tecteria vere grown in nutrient broth fer
twenty-four Lours and then cne cc. of the culture veaze rleaced
into tubes of 10 cc. sterile nutrient troth., Duplicate
tutes were heated in e waterbath for 10 rinutes at definite
temperatures renzing from 50°C. to 78°C, each set being ex—
rosed to a tempereture 3°C, hi ler than the one preceding.
The temperature wes nct zllowed to very one-half degree C,
The tubes were then cuickly cooled below 30°C., one cc. ince-
ulated into 10 cc. of sterile litrus milk and rleced at crti-

mum temperatures ( 30°C. for Pact. luctie ecidi and 37°C. for

B. cecli. ). The orgenism wes nct considered killed until it
Led been incvreted for 5 daye and neitrer tube showed growth.
Other tubes mere trezted by the secre method as abeove cnly tle
time of lLeating to whick tley were sttjected was lengthened
to 30 min. so that it wculd corresrond to the length of tine
used in comrercial pastevrization. Another tyre of technic
on the effect of a lack of oxygen during determinaticns of a
thermzl Ceatijpcint vee tried throush the esddition cof & layer
of rareffin one-half inch in derth on ter of tie melie in

which the tlLerrel deatliiyoint was to be determined. Crean
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and skirmed rilk were used ae the media, inoculeted with the
different cultures and covered with paraffin; then the ther-
mel deathroint was determined. Later rarallel tests were
run by the use of tie fternterg zlzss bulb method (7). The
tube wes filled by werming the tulb slightly to expznd the
air and then the stem wee at once inserted into the bacter-
ial eusrensicn which ie drewn by suction into the bulb &s it
cocle. The neck was then sealed e8 it ccoled.s The Leat-
ing waes dene with the bulb Leld susrended by & wire and com—
prletely imnersed in a weterbath. After teing cquickly cccled
below 20°C. the contents were emptied into a tute of sterile

litrus milk and this set aside et optimum temreratures.

Comparison o¢f Methods.

The three metlhede deeoribed ebove, namely, the cren
tute, closcd tule arnd raraffin tube methed, were studied for
the relative nerits of cackh and to see whether cne would heve
eny greater or less influence on the thermel deathpoint of
microarganisms. To skLow the influence exerted ty the differ-

ent technic, cream and skirmned milk, inoculated with the. lec-

tice Nos. IT A, IV A and Knop, B. c0li V. and Bect. tulgariciu
were ocorpareds, In the following table it is seen that no
difference which would influence resultes was found in any of

the trials,






TAELF II.

Comparison of Cpen and Closed Tutes.

Names of Orgenisms Open Tutes Cloeed Tubes Pereffin Tubes
Creem. IITk Crean Wik Creex MIIX

Bact.l.acidi No.II A 69°C 80° 89°% 60° 899 ecC

Pact.l.ecidi No.IVA 71 63 71 83 71 83
Bect.l.acidi Knop 71 63 63 63 89 63
E. coli No. V, 73 65 73 65 73 83

Determination of Thermal Cesthroint.

In this rhese of the work non-erore forring bacteria
were used., The thermnel deathroint of twelve cultures of

Bact. lectis acill isolated from pasteurized cream and butter,

four cultures of B, coll isolated from pasteurized cream =nd

one of Pact, laotis citronie isolated from butter were studied.

The veristion in the therrel cdestlLroint of the different crzer-

isme rroved to be grest, verying from 58°C, to 78°C,

Name TABLE II1. Thermel Ceathroint,

Organism o 10 min. <0 min.
Bact. lectie ecidi I 58°C 560C.
n " n 11 73°C 86°C.
" " " III 780C 74°C,
" n " Iv 62°C 589C,
" n " v 56°C 52°C,
" " " w1 769C 750C,
" n n 11 78°¢ 74°C,
" " " vITI 68°C 6e°¢c.
" " " v 669C gz°c.
" " " X 72°C 68°c.
" " " I 74°C 75°C.,
" " " XII 64°C eagc.
Pacillus coli I 7480 7¢°C.
" " 11 80°C 580C
" " ITI 7000 689C
" " IV geoC 53°C.

Ract. lactis citronis 84°C 62°C,
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¥e observe that some btacteria whose therral dezth point is
below the pesteurization temperature, survive pasteurization;
due to some agency or factor whick milk brings into play and

which the nutrient broth is unable to menifest.

TABLE IV.
Constancy of Thermal Ceath Points.
1l 3 3 4 S
Neme of Organism nin. min. min. min, min,

10 30 10 30 10 20 10 =20 10 =0

Bact. lactis acidl I 56 56 58 656 58 56 £E6 ©54 058 054
" " n II 7268 72 66 73 66 70 68 72 68

" " n III 76723 74 73 76 74 74 74 76 74
" " " IV 60 56 623 56 60 58 60 56 60 &6
n n " VvV 56 52 56 650 56 53 56 &3 566 £z
" " " VI 7670 78 70 74 73 76 73 76 72
" " " VII 7876 7€ 74 76 74 76 74 78 176
" " " VIII 68 86 70 66 70 66 70 66 68 66
" " " IX 64 82 64 60 64 60 66 60 66 60
" " " X 7068 70 68 70 68 70 66 70 66
" " " XI 74 70 74 73 74 70 7472 74 70
" " " XII 62 63 64 62 64 62 63 62 62 60
Becillus Ccli I 7470 74 70 74 70 74 70 74 70
" " ITI 60 56 60 56 658 56 58 56 60 &6

" " IIT 7068 70 68 70 68 70 68 70 68

" " IV 56 50 56 &C 56 50 56 53 56 &0

Bact. lactis citronie 64 62 62 60 62 60 5S4 60 €64 6C

Constancy of Thermal Deeth Points.

The constsncy of the thermal deatkh pointe was determined
by obtaining five times at three day intervals the thermal
death roints of each organism formerly studied by the test
tube method heating for both ten and twenty minutes. The
results which are tabulated in Table IV show a variation for

the same organism heated for the same length of time of not
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more than two degrees whick ie only one step in our determina-

tion,

Subsequent Infecticn During Cooling and Bottling of Milk.

Three sterile liter flaskes were used, the first being
used for a sarrle of the milk as soon as pasteurization by
the "Holding" process was completed; the second for a sample
which had been cooled in the pasteurizer and the third for
the milk that had been bottled. As soon as possible after

collecting, each saurle was pleated. From the results record-

TABLE V.
Subsequent Infection Table, Average of 20 trials ).

Lact. Alkall

Hilk after Total Acid and inert Peptonizers
Bacteria oper coc. per Co.

Pasteurization 46,000 34,000 3,000 8,000

Cooling 69,000 39,000 14,000 11,000

Bottling 86,000 63,000 17,000 6,000

ed in Table V we assume that Ayers and Johnson in their assump-
tion that the eouring of resteurized milk is due to subsequent
infection with acid-forming bacteria during cooling and botéling
are only partly right as the increase in nunmber found immed-
iately after rasteurization may te accounted for partly by
"multiplication. The process of cooling and bottling takes
about half an hour. The remeining incresse in numbers is
through subsequent infection from utensile during the process

of cooling and bottling.
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The Protective Agency or Factors in Milk.

Bact. lactis acidi and B. coll were grown in nutrient

broth for twenty-four hours at their respective optimum tem-
reratures. One cc. was then introduced into each of the
following: 10 cc. of sterile distilled water; 10 cc. of
sterile broth and 10 cc. of sterile litmus milk ( skim milk
plus 0.05 % azolitmin ). Then the thermal death point was
determined in each of the three by the methods previously

described. It becomes evident from this data, the average of

TABLF VI.
Thermal Death Point Average of 12 Determinations.

Organism ___TVater Broth Milk
Bact. lactis acidl YIT 6319c, 64> C. 68° C.
Bacillue coli ITI 688°C.  694°C, 78° C.

whioh is recorded in Table VI, that milk exerts some influence
which protects the bacteria from heat, an influence which is
nct so marked or is abeent in water and broth. The thermal
death point of the cultures eshowed a difference of 3}° to 4°C.

between broth and milk and about 4}C between water and milk.

Eigher Thermel Death Point Due to the Physical Nature of Milk.

The different constituents of milk were next respectively
dissolved or suspended in distilled water in the proportion
found in fresh milk, placed in test tubes, sterilized in steem

and then inoculated with one cc. of a twenty-four hour broth
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culture. The thermal deatl roint of the organiem introducecd
into the solution or susvension of each constituent ( water,

fat, lactose, ash, cesein and albumin )* was determired. It

The constituents were yresent in the following proporticns (14).

Constituents Percent Range Percent
Water 87.00 82.4 to 8%S.6
Fat 3.50 8,5 " 6.0
Casein 3.25 2.5 * 4.0
Albumin 0.50 0.5 *® 0.8
Milk sugar 5.00 4.3 " 6.0
Ash 0.75 0.6 * 0.8
Solids 13.00 10.4 to 17.6

was found that in the rresence of casein, elbumin and fat, the

thermel death point was higher than with the other constituents.

TARLF VII.
Thermal Death Pointe. ( Aversge ).

Orzanism Yater Fat Casein Albumin Sugar Ash

Bact. lactis ° o
acidi No. XII. 63:%. 65°%. 68°. 68°C. 64°C. 64{°C.

Bacillus coll o
No. IIT. 6s1°. 71°c. 72%. 723%. 70°%. 70 °c.

s}fuch difficulty was encountered in trying to dissolve

and suspend the different constituents.

Fat wos emulsified bv constant sheking in a shaker machine,
casein was dissolved in a weak solution of sodium hydroxide
and then neutralized. Albumin was made slizhtly alkaline eand

boiled.
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The’reeults recoried in Teble VII indicate that it is both

the nitrozenous matter and fat which act aes the protector of
the bacteria when these are subjected to pasteurization. Fat
does not seem to exert as much protection as the albumin and
casein, To determine how each of the nitrogenous compounds
would act in combination with fat, mixtures of casein and fat,
of albumin and fat, and of casein, albumin and fat were mede
in the proportions in which they are present in milk end ster-
ilized. In these the thermal death point of B. coll and

Bact. lsctis e2cidl were determined. From the results in Teble

TABLY VIII.

Organiem Casein Albumin Albumin, Casein
end Fat and Fat and Fat.
Bact. lactis o
acidi No. XII. 68°C. 68°c. eg®c.
B. coli IIT. 72%., 72°C. 72°C.

TIII we would infer trat a combination of nitrogenous matter
and the fat of milk does not tend to materially increase the
ability of organisme to resist heat nor reiese the thermal
death point over that of either of the notrogenous constituents
used alone.

Thus far the conetituents of milk which had been used
were commercial prodvcts. It was thought that there might be
a difference in the effects of the constituents of milk as

they exist in natural milk and those which are commercially

prepared. To determine any difference in the action of the
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natural and commercial constituents the following method was
used:  Theole milk was tubed ( 10 cc. per tube ). Then
another portion was skimmed and tre skimmed milk was tubed.
To a rert of the skimmed milk rennet wss added and the casein
coaguleted and serarated by filtration and the milk serum
tubed, All of these tutes were sterilized in steam, then
the thermal death noints of both B. coll and Bact. lactie

acidl were determined in each of the solutions. The differ—
ence in the thermal death point in the whole milk and in the
skimred milk showe the rrotection exerted by fat, while the
difference between the skimred milk and milk eerum showe the
amount of protection given orzanisms by casein and albumin.
Then, since the organisms are the same strains as those used
in the previous experiments with broth, water and milk, still
further comparison as to protection of the other substances
besides fat and casein that are prresent in milk and not pres-

ent in broth and water can be made. Fror the results obtained

TABLE IX.
Wkole CSkim 16T
Orzanism Milk Milk Serum Broth Teter
Bact. lactis
. acidi Yo. XTT. 70°% 87° 6419C e4gc ssi°c
B. coli 74°C  713°% &9i°  69°C geioc

in Table IX it is evident that the casein and fat are the
main protective factors which exist in milk. There is aleo
some rrotective action in milk serum as the thermal death

vreint is higher in it than it is in either broth or water.
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TABLE X.

Thermal Death Point in Acid Media.
( Average of 20 trials ).

Acid

0.25 % (Lactic Acid 61°C. 6l1°C,
0.40 % (Lactic Acid 57°C,.* 6l1e°C. 6l°cC.
Acidity of Broth

0.25 % (Lactic Acid; 53°C. 55°C. 55°C,
0,40 % (Lactic Acid 53°C, 55°C, 55°C,

#Except in four cases when the acidity of the medium
was higher than 40° the milk curdled and the thermal death
point was higher than any temperature used during the trials.

TABLE XI.

Thermal Death Points,

Medjium 51 53 55 57 59 61 63 65 67 69 71 73 75 77 _79°C,
Bact. Iactis scfdj Wo.

Cream + + + + + + + * - - - - - -
Whole Milk + + + ¢ ¢+ ¢+ o o o @ e a @ = =
Skim Milk + + + + - - - - - - - - - - -
uilk b'Gl‘um + +. "' - - - - - - - - - - - -
Bact, lactis scidi No, IV A, _ _ _
Cresm + + + ¢+ + ¢+ 4+ ¢+ ¢+ ¢+ e e e @ -
Vhole Milk + ¢+ 4+ 4+ + 4+ ¢ o e e @ e e o
Skim Milk *+ + 4+ 4+ ¢ + e e e @ e @ @ e e
Milk Serum * + + + + e e e e e e e e e e
Bouillop I R S S S S
Bac lactis acidi "Knop",
Cream + + ¢+ 4+ 4+ ¢+ ¢ 4+ 4+ 4+ a4 o e e
Whole Milk + + ¢+ 4+ ¢+ ¢+ ¢ @ e e @ e e e a
Skim Milk * + 4+ 4+ 4+ + e e e e e e @ e =
Milk Serum + + ¢+ 4+ 4+ e e e a ® e e e e =
Bogllon + + + - - - - - - - - - - - -
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( Table 11 ), Concluded.

Thermal Death Points.

Medium 51 53 55 57 59 61 63 €5 67 69 71 73 75 177 19°C
By coli No, V,

Cream + 4+ + 4+ 4+ 4+ 4+ + ¢+ 4+ 4+ o o o -
Vhole Milk + + + + + + + 4+ 4+ @ e e e = -
Skim Milk + + + + + + + - - - - - - - -
¥Milk Serum ¢ ¢+ 4+ 4+ ¢ + e e o e o @ @ o =
Boujllon + + + ¢+ ¢+ @ o o o o o o o o =
N@‘&cid BQ_ NOQ:}L
Creem + 4+ + 4+ 4+ + 4+ 4+ 4+ + + + + o e
Vhole Milk + + + 4+ 4+ 4+ ¢+ 4+ 4+ ¢+ o @ e o -
Skim Milk + 4+ + 4+ 4+ + 4+ ¢+ 4+ e a o o o e
Milk Berm + + + + + + + - - - - - - - -
Bogllon + + + + + + - - - - - - - - -
Non-ac}_d B_, NO._}_.! A_Q
Creanm + + 4+ 4+ 4+ ¢+ ¢+ @ o e @ @ @« « =
WhOIC Milk + + + + + - - - - - - - - - -
Skim Milk + + 4+ e e @ @ 2 @ e @ e o o =
Milk Serum + + - - - - - - - - - - - - -
Boujllon 4 @ ®© ®© @ ® @ e ®o ® @ = e o =
Bact, bulgaricum,
- 69 71 73 75 77 79 81 83 85 87 89 90 91 93 _95°C
Cream + ¢+ + + 4+ + + 4+ + 4+ 4+ + + +
Whole Milk + + + 4+ 4+ 4+ 4+ + + ¢+ + @ o o
8kim Milk + 4+ 4+ + + 4+ + + 4+ ¢+ o @ o o -
Milk Serum + + + + 4+ 4+ 4 4 @ e @ @ = e e
Boujllon + + 4+ 4+ 4+ 4+ + o o o e o o o =

It is also evident that the commercisl constituents and the
constituents as they exist in milk act differently in protect-
ing an organism from the pasteurization temperature, i.e., the

natural constituents exert a greater protective influence.
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Influence of Crear.,

The fact that the thermal death voint of twc organisus
i1s found to be higher in wiole milk than in serarated m=milk
led to the determination ¢f the thermel death rointe of

Bact. lactis acidi Nos. II.A, IV.A.and Knop, E. coll No. V.

and Bact. bulcaricum and of two inert tacilli Noe. 16 &nd 14

A. in cream, whole milk, ekim milk, milk serum and bouillon.
Tre resulte in Teble X show that the presence of fat enables
the various organismes to withstend higher temperatures., In
the case of B. 14 A, the thermal death point shown in bouillon
was over ten de~rees lower tran tre terrerature of reasteuri-
zation by the "Eolding" nrocess, yet trie organism was one
1scleted from rasteurized cream, its tlermal death roint,
through the influence of the fat in the cream being raised
ebove thet of the pasteurization temperature.

Trv. ¥, Smith (18) in his book on "Bacteria in the Re-
lation to Plsnt Diseases™ Vol. I, states in z footnote that
an acld medium nrotects crzanisme frem aeat wiich would be
Gastreyed in e wedium containing less ecid, nevtral or alke-
line. To verify tais staterent, tubes conteining litmus
milk which had en eacidity of 25° ani 40° Tuller's scale (mede
acid by the addition of N/1 lactic acid) and tutes of bouillon
of like acidity were incculated with lactics II A., IV A, end
"nnop and their thermal death recints determined. RPesults as
srovn in Teble ¥ lead us to the helief that acid, Then used in

emall quantities Las no e€f“act on tliec thermal desth rcint.
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"hen it 1s used in leorze enouzh juantities to curdle milk
an increase of the thermal deeth point results which is prob-

ably dve to the coazulation of the casein in milk.

General Discussion of Possitle Influencinzy Factors.

Crganisme that are non-srore formers are found to survive
vesteurization, Ariong these are the lsctic acld teacteria.
Meny theories and assumnrtions have been presented and each new
one ie asserted Uy the author to be the true and moat feasible
explanation, For the average layman, the most easily believ-
able theory is that bacteria survive pesteurizetion on acoount
of the huge amount of milk or cream rzasteurized at a time, bde-
cavse the termrerature is nct evenly distributed throughout.
This assumption might be true if we were to use the Flash
system for pasteurlzation or pasteurized in a ylain tank ocon-
taining an inefficient setirrin> device, thus not causing dis-
tributicn of heat evenly throushout the medium which is being
rasteurized. But our modern cormercial pasteurizer contains
spirel colle whioch stir the liquid constantly and there 1is
little reason why the temperature should vary greatly at eny
rert of tLe tank. This theory, so easily believable must
therefore only be taken into consideration in those establish-

ments which pasteurlze their milk or cream by the use of the

Flash system or have insfficient r2steurizers. The assumption
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that some organiesms found in pasteurized milk do not survive
pasteurizaticn but gain access during the process of cooling,
bottling znd capving was found to be true, contamination from
imperfectly sterilized pparatvs, the room eir etc. being the
cause, This source when proverly controlled adds so few
bacteria, moet of these Leinz of the harmless type, that it is
almost negligible, yet it is a faotor which allows becteria to
enter milk after it is properly pasteurized. This means of
entrance of bacteria could be avoided by thorough cleansing
anl sterilization of utensils end zeneral cleanliness in the
dairy. Orzanisms which have a high thermal death »noint have
been found by many authors and have been given as one cause

of bacteria surviving prasteurization. Ayers and Johnson as
well as Zelonki found members of the colon group which varied
greatly in thermal death rcints. The same authors found
streptococci wnich showed great variation in their ability to
resist heat, This tken is one of the reasons whereby btacter-
1a of the lactic ~cid typre are found in milk after rroper
rasteruization. Russell and Hastings found that a pelliocle
formed dvring heating of the milk would exert a protective
influence. The pellicle not being observed to form during
any of the trials mede, their proof is accented as a factor
which influences the death of miorogrganisms in milk by heet.
The shutting off of air during thermal death point determina-
tions as tried in tle closed and reraffin covered tube in com-

Perison with the onen tube has 1little if any influences. This
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theory mzy a2lmost be erntirsly neglected in attemnting to
group thie true reason of vacteria surviving pasteurization.
The nitrogenous constituents and the fat in milk or cream

dc protect organisms, the fat having a greater influence than
the casein, The action of casein and zlbumin is probably
one which was assumed by A. Volff , namely, the heat forming
around the cell an acid ocoagulum of albumin, Fat muet act
in a way very similar to that of the nitrogenous constituents
of wilk or cream in rrotecting the organisms. A high acidi-
ty ( 0.4 % lactic acid ) has no effect on the thermal death
point. An acidity hizh enocugh to cause the curdling of the
milk during thermal death roint determinations raises the
tiermal deatin point severgl dezrees, The breed of cattle
from which the milk is drawn, the geoneral health of the cow
and the conditicn of the udder, the products resulting from
bacterial growth previous to pasteurization, heating under
reduced or increased nressure and the relative specific heat
of milk or cream mey also be factors that protect organisms

during heating,






72

l. The thermal death roints of seventeen different strains
of vaecteria isolated from pesteurized milk varied zreatly 'nen
heated for 10 minutes or for 2C minutes.

2. Fifty-three percent of the cultures which were used
in this experiment hail a thermal death roint below the tem-
rerature commonly used for rasteurization ( 624°C, )

3. The variation of temperature during commercial past-
surization ( Holder rrocess ) is very slizht. This shows
conclusively that the variation in the bulk of cream pasteur-
ized does not account for the survival of the bacteria.

4, The thermal deeth point of some of the organisms used
wag very high, this accounting for their survival of rasteur-
ization.

S. Contamination during cooling and bottling is very
slight, since the count obtained directly after the pasteuri-
zation is more than half as much as that obtained after bott-
ling. Thies increase is accounted for, rartly by multiplica-
tion and rartly by contamination from utensils.

8. The protective agency in milk is the nitrogenous
matter ( casein snd albumin ) end fat. This is true even
when commercial constituents of milk are used.

7« TVWhen constithents of milk in its natural estate are
used, the fat and casein offer greater protection from heat.

8. Commercial constituents of the milk in its natural

stqte differ in their protective influence., Tith commercial
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constituents the fat, the casein and the albumin exert al-
most an equal protection. But with the fat and casein in
the natural state the nresence of the fat adds additional
protection to the suspended organisms.

s A sealed tube or a tube closed with liquid paref-
fin does not protect organisms to greater extent that an
ordinary open tute,

10, A low acid medium has no effect on the thermel
death point while a high acid medium may reise it éeveral
dégrees,

ll. Factors which eccount for the presence of organisms
in pasteurized milk are the contamination during cooling,and
bottling, pellicle formation during heating, a high acidity
of the redium, the nigh thermel death point of some organisms
and the prrotection given by the fat and nitrogenous contents

of the milk or cream,
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